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Objective We sought to classify causes of stillbirth for six low-

middle-income countries using a prospectively defined algorithm.

Design Prospective, observational study.

Setting Communities in India, Pakistan, Guatemala, Democratic

Republic of Congo, Zambia and Kenya.

Population Pregnant women residing in defined study regions.

Methods Basic data regarding conditions present during

pregnancy and delivery were collected. Using these data, a

computer-based hierarchal algorithm assigned cause of stillbirth.

Causes included birth trauma, congenital anomaly, infection,

asphyxia, and preterm birth, based on existing cause of death

classifications and included contributing maternal conditions.

Main outcome measures Primary cause of stillbirth.

Results Of 109 911 women who were enrolled and delivered (99%

of those screened in pregnancy), 2847 had a stillbirth (a rate of

27.2 per 1000 births). Asphyxia was the cause of 46.6% of the

stillbirths, followed by infection (20.8%), congenital anomalies

(8.4%) and prematurity (6.6%). Among those caused by asphyxia,

38% had prolonged or obstructed labour, 19% antepartum

haemorrhage and 18% pre-eclampsia/eclampsia. About two-thirds

(67.4%) of the stillbirths did not have signs of maceration.

Conclusions Our algorithm determined cause of stillbirth from

basic data obtained from lay-health providers. The major cause of

stillbirth was fetal asphyxia associated with prolonged or

obstructed labour, pre-eclampsia and antepartum haemorrhage. In

the African sites, infection also was an important contributor to

stillbirth. Using this algorithm, we documented cause of stillbirth

and its trends to inform public health programs, using

consistency, transparency, and comparability across time or

regions with minimal burden on the healthcare system.

Keywords Cause of death classification system, low-income

countries, stillbirth.
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Introduction

Globally, stillbirth rates remain high in resource-limited

settings with few global estimates of cause of stillbirth pub-

lished.1–3 Knowing the medical causes of stillbirth is impor-

tant for development of strategies to reduce stillbirths.4–6

To date, over 50 stillbirth classification systems have been

developed,7–22 most requiring extensive diagnostics and

most relevant in high-income countries (HIC). Addition-

ally, systems vary in definitions of primary and secondary

causes, associated causes, contributing causes, underlying

cause and preventable causes. Few systems have been devel-

oped for low/middle-income countries (LMIC) where diag-

nostic tools such as autopsy or placental histology are

usually unavailable. Examples of systems include Frøen

et al.’s Cause of Death and Associated Conditions

(CODAC) system, which focuses on perinatal death and

includes 10 categories19,20 and Neonatal and Intrauterine

deaths Classification according to Etiology (NICE), includ-

ing 13 causes for perinatal death.22 However, to date, these

systems have only been used in small studies in LMIC and

generally do not distinguish between stillbirth and neonatal

deaths to characterise aetiology.20–24

Determining cause of stillbirth has historically been chal-

lenging, as the fetus is not directly observed when death

occurs and the pathway to death is often unclear.5 Thus,

cause has often been defined by maternal or obstetric con-

ditions that may be associated directly or indirectly with

the fetal death.25–27 In LMIC, common clinical conditions

associated with stillbirth include prolonged and obstructed

labour, pre-eclampsia/eclampsia, multiple births, and

abnormal presentations. Most stillbirths associated with

these conditions are caused by diminished placental or fetal

blood flow and fetal asphyxia is the final common pathway

leading to death25,28 Stillbirths are also classified as macer-

ated or non-macerated stillbirths, with the former generally

occurring more than 24 hours before delivery.29 Non-

maceration suggests that the death likely occurred during

labour. Recognising these limitations, the World Health

Organization (WHO) has established an international clas-

sification of diseases (ICD) perinatal mortality system,

which examines the timing of the perinatal death, associ-

ated maternal conditions, and cause of perinatal death.30,31

However, the factors used to determine cause of death

vary.

To improve upon existing systems to determine cause of

stillbirth in LMIC, we developed a hierarchal classification

system, the Global Network Classification System,32 which

relies exclusively on readily available clinical data. Our

objective for this analysis was to determine cause of still-

birth across sites in six LMICs and to compare these results

with current evidence.

Methods

The study was conducted in seven sites in six LMICs: India

(two sites: Nagpur, Belagavi), Pakistan, Guatemala, Demo-

cratic Republic of Congo (DRC), Kenya and Zambia. Data

were collected as part of the Global Network’s Maternal

and Newborn Health Registry (MNHR), a population-

based registry of all pregnant women residing in designated

regions. The MNHR includes pregnancy-related data as

well as outcomes from consenting women through to

6 weeks postpartum.33,34 Registry Administrators (RAs),

who are trained staff (generally nurses or health workers),

identified and obtained consent and basic demographic

data from pregnant women, and gathered the perinatal and

maternal outcomes at delivery, with additional follow-up

visits conducted at 6 weeks postpartum. For any woman

who experienced a stillbirth, a cause of stillbirth form was

completed by a trained RA to document systematically

additional potential risk factors. Methods for the registry

and cause of death study are described in detail else-

where.33 This analysis used cause of stillbirth data collected

from 2014 (start dates varied by study site) through 31

December 2015.

The stillbirth classification algorithm
Stillbirths were defined as deaths in utero occurring at

20 weeks’ gestation or greater.1 The definitions for each

cause were defined (Table S1).32 The algorithm (Figure S1)

first determines whether the stillbirth was associated with

maternal or fetal trauma (i.e. assault, suicide, accident, fetal

trauma); if so, the cause of death is classified as trauma. If

no trauma was identified, and there is a major (visible)

congenital anomaly, this is defined as the cause of the still-

birth. If neither of these conditions is identified and signs

of maternal or fetal infection such as malaria, syphilis or

fetal or vaginal odor are present, the stillbirth is classified

as due to infection. If none of these is present and any

maternal or fetal condition associated with intrauterine

asphyxia is present, asphyxia is determined as the cause.

Finally, because very preterm fetuses may die due to

trauma or asphyxia associated with labour, preterm birth is

listed as the cause of death if none of the prior conditions

was present and the stillbirth was <32 weeks and non-

macerated.35 If none of these conditions was identified, the

stillbirth was classified as unknown cause.

Ethics approval
The institutional review boards and ethics committee at the

participating study sites and their affiliated U.S. partner

institutions and the data coordinating centre (RTI Interna-

tional) approved the study. All women provided informed

consent to be part of the study.
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Results

In all, 112 768 pregnant women were screened in 2014–
2015, and of those 111 883 (99.7%) consented and enrolled

in the registry. Of these women, 103 409 delivered at

≥20 weeks’ gestation and were eligible for the stillbirth

cause of death study. Deliveries ranged from 19 685 in

Pakistan to 10 366 in Zambia (Table 1). Hospital deliveries

occurred for 42.8% of births (ranging from 74.7% in Nag-

pur to 9.7% in DRC), 34.5% occurred at health centres

(ranging from 63.3% in DRC to 1.0% in Guatemala) and

22.7% of the deliveries occurred in home settings (ranging

from 35.4% in Pakistan to 0.6% in Nagpur). For women

delivering a stillbirth, delivery at a hospital was slightly

more common at each of the sites compared with all

births.

From 2014 to 2015, the study included 2847 stillbirths.

The stillbirth rate was 27.2 per 1000 births, ranging from

43.5 per 1000 in the Pakistan site to 13.6 per 1000 in the

Zambia site. During that period, the overall stillbirth rates

declined about 10%, from 28.7 to 26.2 per 1000 births, in

2014 and 2015, respectively. Overall, 6.6% of stillbirths

were multiple gestations, ranging from more than 11% in

the DRC site to approximately 4% in the Kenya, Zambia

and Pakistan sites.

Across all sites, 46.6% of stillbirths were attributed to

asphyxia, 21.3% to infection, 8.4% to congenital anomalies

and 6.6% to prematurity (Figure 1). No cause was assigned

in 17.1% of stillbirths. No stillbirths were attributed to

maternal trauma or accident. The cause of stillbirth varied

by site, although for the most part, the proportion of still-

births attributed to each cause was relatively similar, with a

few notable exceptions (Table 1). Asphyxia was identified

as the cause of stillbirth for 56.7% of stillbirths in Zambia

compared with 28.2% in DRC. Infection had the greatest

variation in the proportion of stillbirths and was estimated

as a cause of stillbirth from 55.7% of stillbirths in DRC to

2.6% in Nagpur, India. Congenital anomalies were identi-

fied as the primary cause for 19.6% of stillbirths in Bela-

gavi, India, compared with 5% or less in the African sites.

Finally, prematurity was considered the cause of stillbirth

for about 10% in both India sites but 4% or less in the

Zambian and Kenyan sites.

We next examined the presence of several maternal con-

ditions by cause of stillbirth (Table 2). Of the 2883 women

with a stillbirth, 1400 (48.8%) had one or more of the

maternal antepartum conditions including pre-eclampsia/

eclampsia (10.1%), antepartum haemorrhage (11.6%), pro-

longed or obstructed labour (21.9%), abnormal lie

(10.2%), and maternal infection (9.4%). When pre-

eclampsia/eclampsia, antepartum haemorrhage or pro-

longed or obstructed labour was present, about 80% of the

stillbirths were classified as having asphyxia as the cause of

death. Of the stillbirths with breech or abnormal lie, 62.8%

were classified as having asphyxia as the cause of death. Of

those stillbirths where there was evidence of maternal infec-

tion, 83.6% were classified as the death due to infection.

Among those stillbirths classified as asphyxia-related deaths,

38.0% had obstructed or prolonged labour, 19.2% had

antepartum haemorrhage and 18.4% had pre-eclampsia/

eclampsia (Figure S2). Among those with asphyxia-

attributed stillbirth, 23% had no maternal condition identi-

fied but did have a fetal condition such as fetal distress or

cord prolapse.

Finally, we examined the cause of stillbirth versus the

presence or absence of signs of maceration (Table 3).

Among all stillbirths, 67.8% did not have signs of macera-

tion, with the death likely to have occurred <12–24 hours

prior to delivery. There were important differences in the

cause of death between macerated and non-macerated still-

births. If the fetus was macerated, the cause of stillbirth

was nearly equally divided among infection, asphyxia and

unknown, with a smaller proportion due to a congenital

anomaly (10.8%). If the fetus was not macerated, the

majority of deaths were caused by asphyxia (55.4%), with

smaller percentages due to infection (16.1%), unknown

(11.8%), prematurity (9.7%) and congenital anomalies

(7.2%). Thus, macerated stillbirths were more likely due to

infection or having an unknown cause, whereas among

those not macerated, asphyxia was the most common

cause. Among those classified as asphyxia-related stillbirths,

80.5% were non-macerated, whereas among those with

infection, 31.3% were macerated.

Discussion

Main findings
The overall stillbirth rate of 27.2 per 1000 is similar to

those reported for LIC and somewhat higher than the esti-

mated world average of about 20 per 1000 births.1 The

Pakistan site recorded the highest rate (43.5 per 1000) fol-

lowed by the DRC site (38.6 per 1000) and Kenya (22.8

per 1000), also similar to the regional stillbirth patterns

reported.1

Classifying stillbirths by maceration status and by cause

of death provides some interesting observations and poten-

tial validation for the system. The fact that most deaths

classified as asphyxia-related were non-macerated, suggests

that they occurred during labour, consistent with many

observations about intrapartum deaths.22 Our system classi-

fied macerated stillbirths more commonly as infection-

related or of unknown aetiology, which also appears consis-

tent with previous reports.3,29 In this analysis, all stillbirths

classified as preterm in origin were non-macerated,
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suggesting that they mostly occurred in labour and were

due to the fetus not being able to tolerate the preterm

labour.35

Using this system, we found the major cause of stillbirth

to be asphyxia (46.6%), with infections contributing to

21%. Congenital anomalies represented 8.4% of all causes,

with Belagavi, India having a substantially higher propor-

tion (nearly 20%) due to congenital anomalies. A prior

study conducted at this site in India found 24% of preg-

nant women were in consanguineous partnerships, which is

a high risk for birth defects.36 Finally, in this study, prema-

turity was responsible for nearly 7% of all stillbirths.

However, we also observed important regional differ-

ences. Infection was the leading cause of stillbirths in the

DRC site (55.7%), one-third of the stillbirths in western

Kenya and 17.9% in Zambia. Thus, the top three sites with

the largest percent of infection-related stillbirths were all in

sub-Saharan Africa. Congenital anomalies represented a

higher proportion of the stillbirths in the Indian sites and

Guatemala relative to the sites in Africa.

Asphyxia appeared to cause a substantial proportion of

stillbirths across all sites. Among those with asphyxia as a

cause of stillbirth, obstructed or prolonged labour was pre-

sent among 38%, antepartum haemorrhage was present for

19% and pre-eclampsia or eclampsia was present among

18% of those with stillbirth. About one-fourth of the still-

births attributed to asphyxia had no specific maternal con-

dition identified but did have a fetal condition such as

cord prolapse or fetal distress identified. Seventeen percent

of stillbirths had no attributable cause identified using the

algorithm.

Strengths and limitations
There are a number of weaknesses and strengths associated

with the Global Network Stillbirth Classification System and

its use in this study. Most important, the cause of stillbirth

attributed in this system has not been validated with fetal

autopsy, culture or other, more sophisticated techniques, as

the gold standard.15,37 To address this gap, future analyses are

Figure 1. Cause of stillbirth as determined by algorithm among all

Global Network sites, 2014–2015.

Table 2. Cause of stillbirth by maternal conditions

Maternal condition present None of the specified

conditions
Pre-eclampsia/

eclampsia

Antepartum

haemorrhage

Obstructed or

prolonged

labour

Breech or

transverse

lie

Maternal infection

Stillbirths, n 293 337 630 296 268 1433

Cause of Stillbirth by Algorithm, n (%)

Congenital anomaly 12 (4.1) 8 (2.4) 17 (2.7) 15 (5.1) 10 (3.7) 187 (13.0)

Infection 36 (12.3) 73 (21.7) 109 (17.3) 49 (16.6) 224 (83.6) 261 (18.2)

Asphyxia 243 (82.9) 254 (75.4) 502 (79.7) 186 (62.8) 34 (12.7) 364 (25.4)

Prematurity 0 (0.0) 0 (0.0) 1 (0.2) 9 (3.0) 0 (0.0) 177 (12.4)

Unknown 2 (0.7) 2 (0.6) 1 (0.2) 37 (12.5) 0 (0.0) 444 (31.0)

Table 3. Cause of stillbirth by signs of maceration

Signs of maceration

Macerated Non-macerated Unknown

Stillbirths, n (%) 891 1920 22

Cause of stillbirth by algorithm, n (%)

Congenital anomaly 96 (10.8) 138 (7.2) 3 (1.2)

Infection 288 (32.3) 310 (16.1) 5 (22.7)

Asphyxia 250 (28.1) 1063 (55.4) 8 (0.6)

Prematurity 0 (0.0) 187 (9.7) 0 (0.0)

Unknown 266 (30.1) 227 (11.8) 6 (1.2)
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planned to validate the Global Network system with other

sources, especially where autopsy and other sophisticated test-

ing are available to confirm cause of stillbirths.15 Also, because

fetal monitoring is generally not performed in these settings,

we do not attempt to quantify the number of stillbirths asso-

ciated with fetal distress, which is a common consideration in

many stillbirths. We also recognise that this system is neces-

sarily a simplification and, as a result, subtle or rare causes of

stillbirth may be missed.

For a few of the categories, among the sites, there are

also fairly large differences in the percent of stillbirths

attributed to various causes which may be a result of site

ascertainment differences due to a number of factors. For

example, infection as a cause of death may be especially

variable among sites with different access to tests and labo-

ratory capabilities varying by study site. Thus, the extent to

which the differences in reported infection reflect local

health facility access and capability is also unknown. This

system also omits categorising social or other factors that

may contribute to stillbirth in low-resource settings. How-

ever, within these limitations, the major causes of stillbirth

related to pregnancy appeared to be generally consistent

with other external sources of cause of death data.

The strengths of our methodology are consistency, trans-

parency, and comparability across time or regions. The

methodology places little additional burden on the health-

care system. This system uses minimal, basic data from the

mother, family or lay-health providers without reliance on

laboratory tests, placental examinations or autopsies to

determine cause of stillbirth using well-established cate-

gories. Because we use these data to assign cause of still-

birth by an algorithm, potential sources of inconsistency

and bias from clinician or lay coders are reduced. In addi-

tion, using this system, we identified the maternal condi-

tions that also were present among women having a

stillbirth. Finally, the Global Network system uses princi-

ples that are consistent with the WHO’s development of

the perinatal mortality classification system.30

Interpretation
To date, only a relatively small number of stillbirth cause

of death studies using a variety of classification systems

have been completed in LMIC. For example, a study in

India using CODAC to classify 87 stillbirths found that

prolonged labour, hypertension in pregnancy and congeni-

tal anomalies were the main causes of stillbirth. In that

study, nearly half of all stillbirths were intrapartum.20 In

Tanzania, a 10-year study of nearly 2000 perinatal deaths

(including 1219 stillbirths) used the NICE classification and

also found that obstructed/prolonged labour and hyperten-

sion were the leading maternal conditions associated with

perinatal death.22 About one-fifth of the deaths occurred

among women referred to the health facility for an obstet-

ric or medical complication.

Allanson et al.24 have completed a recent study of cause

of perinatal mortality (n = 687) in South Africa. They

noted, similar to our study, a high rate of intrapartum

deaths (non-macerated stillbirths) and, similar to other

studies, found that haemorrhage and hypertension were the

main maternal conditions identified among stillbirths.

However, as we found, a substantial proportion of all still-

births—nearly half—occurred among women with no

apparent obstetric complication.

The concept of ‘preventable stillbirths’ has been high-

lighted in the recent Lancet stillbirth series.2 Similar to our

study, the group estimated that only 7.4% of stillbirths are

associated with congenital anomalies and that the majority

of stillbirths, especially in LMICs, are preventable with

appropriate care. Our study confirms this opinion, as we

found that most stillbirths were not macerated and were

associated with obstetric conditions that if treated appro-

priately would prevent the stillbirth.

Conclusion

In summary, when using this system to classify causes

of stillbirth, we found asphyxia as the most common

cause. These stillbirths were associated with a number

of major obstetric conditions, including obstructed and

prolonged labour and pre-eclampsia/eclampsia. However,

nearly half of all stillbirths were not associated with an

identifiable maternal condition. In addition, the majority

of stillbirths lacked signs of maceration and likely

occurred during labour, and thus many of the stillbirths

should be preventable with appropriate obstetric labour

and delivery care. Our study reinforces the importance

of a system to classify cause of stillbirth that is reliable

across low-resource settings to inform effective interven-

tions in order to ultimately reduce preventable still-

births.
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Abstract

Existing vital health statistics registries in India have been unable to provide reliable esti-

mates of maternal and newborn mortality and morbidity, and region-specific health esti-

mates are essential to the planning and monitoring of health interventions. This study was

designed to assess baseline rates as the precursor to a community-based cluster random-

ized control trial (cRCT)–Community Level Interventions for Pre-eclampsia (CLIP) Trial

(NCT01911494; CTRI/2014/01/004352). The objective was to describe baseline demo-

graphics and health outcomes prior to initiation of the CLIP trial and to improve knowledge

of population-level health, in particular of maternal and neonatal outcomes related to hyper-

tensive disorders of pregnancy, in northern districts the state of Karnataka, India. The pro-

spective population-based survey was conducted in eight clusters in Belgaum and Bagalkot

districts in Karnataka State from 2013–2014. Data collection was undertaken by adapting

the Maternal and Newborn Health registry platform, developed by the Global Network for

Women’s and Child Health Studies. Descriptive statistics were completed using SAS and R.

During the period of 2013–2014, prospective data was collected on 5,469 pregnant women

with an average age of 23.2 (+/-3.3) years. Delivery outcomes were collected from 5,448

completed pregnancies. A majority of the women reported institutional deliveries (96.0%),

largely attended by skilled birth attendants. The maternal mortality ratio of 103 (per 100,000

livebirths) was observed during this study, neonatal mortality ratio was 25 per 1,000 live-

births, and perinatal mortality ratio was 50 per 1,000 livebirths. Despite a high number of

institutional deliveries, rates of stillbirth were 2.86%. Early enrollment and close follow-up
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and monitoring procedures established by the Maternal and Newborn Health registry

allowed for negligible lost to follow-up. This population-level study provides regional rates of

maternal and newborn health in Belgaum and Bagalkot in Karnataka over 2013–14. The

mortality ratios and morbidity information can be used in planning interventions and monitor-

ing indicators of effectiveness to inform policy and practice. Comprehensive regional epide-

miologic data, such as that provided here, is essential to gauge improvements and

challenges in maternal health, as well as track disparities found in rural areas.

Introduction

Maternal and newborn mortality place significant burden on fragile health systems with

303,000 global maternal deaths annually [1]. Maternal mortality has decreased significantly

across India with an estimated maternal mortality ratio (MMR) of 174 per 100,000 livebirths

[139–217] in 2015, and an annual rate of reduction of 4.6% between 2000 and 2015[1]; how-

ever, progress has varied by region. Karnataka, a state in southern India, has better maternal

and perinatal health indicators than much of the country with a MMR of 144, yet worse than

neighbouring state of Kerala [2].

The major causes of maternal death and morbidity globally are haemorrhage, the hypertensive

disorders of pregnancy, and sepsis [3]. In addition, chronic hypertension is strongly associated

with pre-eclampsia and eclampsia, which in turn, may be responsible for maternal deaths related

to other conditions: renal and hepatic disease, anaemia and systemic infections or sepsis [3, 4].

Comprehensive epidemiological data on maternal and perinatal mortality and morbidity

are often missing from low- and middle-income countries (LMIC), particularly from rural

areas. Improvements in health cannot be gauged without accurate population rates. In addi-

tion, rates are often underestimated without accurate vital registration centres. Existing health

registration systems in India have been unable to reliably capture all pregnancies and out-

comes, particularly in rural areas where most Indians live [5]. The inequities between health

outcomes in urban and rural areas may be responsible for a difference in maternal mortality of

132%, as suggested by the Government of India National Family Health Survey (NFHS II,

1998–1999) [6].

This study was designed to assess baseline rates as the precursor to a community-based

cluster randomized control trial (cRCT)–Community Level Interventions for Pre-eclampsia

(CLIP) Trial (NCT01911494) [7]. The CLIP cRCT aims to reduce maternal and neonatal mor-

tality and morbidity by the use of an evidence-based package of care for the community-level

identification and emergency management of women at risk of developing eclampsia or pre-

eclampsia. The trial is being conducted in India, Pakistan and Mozambique. The aims of this

baseline assessment were, (1) to describe baseline demographics and maternal and newborn

mortality prior to initiation of the CLIP cRCT in India, (2) to improve knowledge of popula-

tion-level health across a broad geographic region of Karnataka, and (3) to identify the rates of

the hypertensive disorders of pregnancy and other pregnancy complications in Belgaum and

Bagalkot districts.

Materials and Methods

Setting

This study was conducted in eight distinct geographic regions in Karnataka State: four in Bel-

gaum District and four in neighbouring Bagalkot District, with populations of 4,779,661and
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1,889,752 in the 2011 census, respectively [8], and each with an estimated 500 annual births

(Fig 1).

Study design

The prospective population-based survey was adopted from the Maternal and Newborn Health

(MNH) registry platform, developed by the Global Network for Women’s and Child Health

Studies and in use in neighboring communities since 2009 [5]. Additional information rele-

vant to the CLIP Trial was added in supplemental forms (S1–S10 Files). Data collection was

incorporated within the framework of the health system utilizing existing health care staff

where possible. All data was collected in the local language of Karnataka State–Kannada–and

translated for analysis. As migration in pregnancy is common in this population, particularly

in the first two pregnancies; the eligibility criteria included all women who were either a per-

manent resident of the area or non-resident who delivered in the study area. Women who

migrated in pregnancy were followed postpartum to capture all pregnancy outcomes.

Data collection

Step 1 –Assessment of eligibility through the register of married women of reproductive

age. Data was collected from October 01, 2013 to October 31, 2014. The first step in the data

collection process was identification of potentially eligible women. This was achieved through

use of a ‘register of married women of reproductive age’ to identify eligible women, and to

Fig 1. Study sites.

doi:10.1371/journal.pone.0166623.g001
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determine who was likely to conceive in the coming year. Community-based health workers,

Accredited Social Health Activists (ASHA), were responsible for the identification of women

likely to conceive through annual household visits. At this time ASHAs collected basic demo-

graphic information on couples, such as educational status, number of living children, age of

last child, use of permanent family planning methods, sterility (primary, secondary, early men-

opause), and presence of an existing pregnancy. Basic analysis of this process was conducted

for each region and validated against known trends for family size, number of couples, sterility

rate, and birth rate. Women likely to conceive were visited periodically throughout the year,

and when they missed their period, they were provided a pregnancy test to confirm the

pregnancy.

Step 2 –Enrolment of eligible pregnancies and collection of pregnancy information.

Confirmed pregnancies were then enrolled by the Registry Administrator (RA) and the first of

three data collection forms were completed. Data were collected soon after pregnancy confir-

mation and enrollment was done in the home, sub-centre or primary health centre, and

included information on past medical and obstetric history.

Step 3 –Collection of delivery information and pregnancy outcomes. Each enrolled

pregnancy was followed-up at or immediately after delivery and then again at 42 days postpar-

tum. Data were collected through review of medical records in the facility and interviews with

birth attendants, providers and family members at the associated health centres and the wom-

an’s home.

Data forms were collected and transferred to the regional data centre (weekly), where forms

were keyed into the database after confirming completeness. Rigorous data monitoring proce-

dures were adopted from those employed by the Global Network MNH registry. Reliability

and consistency of data collection procedures were ensured by monitoring visits and by reduc-

ing data entry errors, including re-keying of data (5% of all data forms). The accuracy of data

entered was ensured by random chart review (5% of chart forms), and verification by the

review of margins of error in reporting. Patient confidentiality was ensured by removal of all

personal identifiers before data transfer. Furthermore, data integrity was maintained by use of

password-protected data management systems. (For details of the data collection processes see

Fig 2)

Analysis

Descriptive statistics were completed using SAS and R. For continuous variables, either the

mean and standard deviation, or the median and inter-quartile range is presented. For categor-

ical variables, the number and percentage of responses is presented.

Fig 2. Data flow process.

doi:10.1371/journal.pone.0166623.g002
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Ethical approval

The study was approved by Institutional Ethics Committees (JNMC India and UBC Canada),

Government of Karnataka and the Indian Council for Medical Research. Written informed

consent was obtained from all participants. All participants retained one copy of the signed

consent form for their records and an additional copy was kept at the research centre for study

records. All consent forms and procedures were approved by both institutional ethics

committees.

Results

All pregnancies from October 01 2013 to October 31 2014 were included for analysis. In total,

information was collected on 5,469 pregnancies, and 5,448 completed pregnancies with deliv-

ery outcomes. Very few women were lost to follow-up (n = 21, 0.38% of all pregnancies).

Demographics

The average age of women in the cohort was 23.2 (+/- 3.3) years, they were enrolled early in

pregnancy at 17.5–21.5 weeks gestation on average. Women were predominantly Hindu, with

over 90% in each region, followed by approximately 5% Muslim. Many women reported being

illiterate, with similar rates for men and women but variability between geographic regions.

(Table 1)

Past medical and obstetric history

Past medical and obstetric history was self-reported for all pregnancies. Findings suggest a

lower than expected rate of several past medical conditions: hypertension (1.1%), seizures

(0.4%), diabetes (0.1%), tuberculosis (1%), and malaria (0.3%). There were low rates of past

contraceptive use; the highest rate of use was 13.5% in one region. Hemoglobin was measured

at enrollment or retrieved from a recent lab report. These results indicated a high rate of ane-

mia, though some regions also had a high proportion of missing values. (Table 2)

Most women in the cohort were gravida 2; their previous pregnancy outcomes are reported

in Table 3. Questions regarding complications in previous pregnancies were asked, in particular

related to the hypertensive disorders of pregnancy as a condition leading to high rates of mor-

bidity and mortality in India. The rate of previous hypertension in pregnancy was self-reported

to be around 3%. Diabetes was also probed as an emerging illness in India affecting women in

pregnancy, reported rates were very low. As an important indicator of health care utilization,

the location of past delivery was asked. Results show distinct differences in delivery location

between regions, this may be related to access to facilities; however, very few women report

delivery outside facility, with only approximately 9% reporting home deliveries. (Table 3)

Care seeking in pregnancy

All women described care seeking practices in the current pregnancy–use of antenatal care ser-

vices, delivery location, and birth attendant. Nearly all women reported some antenatal care

utilization (98.9%); however, the number of visits differed between regions from an average of

2.7 (+/-1.4) to 7.6 (+/-2.6). Most women reported receiving tetanus vaccinations and blood

pressure measured, as an indicator of regular antenatal care. Few women reported taking

malaria medication (0.6%), yet many did report sleeping under a mosquito net ‘consistently’

(17.2%) or ‘occasionally’ (58.9%), as a method of malaria prophylaxis. Care at a higher level

facility was not particularly common with the exception of two regions that estimated
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approximately 35% of women did seek care at higher level facility; this may be related to prox-

imity of such services. (Table 4)

Nearly all deliveries occurred in facility, split between hospitals and clinics/primary health

centres. The remaining small number of women delivered at home, less than 5% overall.

Efforts to increase institutional deliveries have been successful in these regions where nearly all

women delivered in facility with a skilled birth attendant: obstetrician (39.8%), doctor (21.9%),

nurse or midwife (34.6%). (Table 5)

Pregnancy outcomes

The results of pregnancies in this cohort indicate a rate of miscarriage of 5.4%, medical termi-

nation of pregnancy of 2.9%, stillbirth of 2.6%, and livebirths of 89.1% (Fig 3). Pregnancy

losses at less than 20 weeks were classified as miscarriages or medical terminations of preg-

nancy, while losses at 20 weeks or greater were defined as stillbirths. The average gestational

age at delivery was 37.6 (+/- 6.5) weeks. One region had a substantially lower average gesta-

tional age at delivery (34.9 weeks); however, the rate of preterm birth did not appear to be

greater. Preterm deliveries less than 37 weeks accounted for roughly 16% of all deliveries, with

Table 1. Population characteristics.

Belgaum Belgaum Belgaum Belgaum Bagalkot Bagalkot Bagalkot Bagalkot

Ammangi Kanagala Chachadi Sangolli Katageri Pattadakallu Bevoor Sutugundar

Total

Women 5,469 614 580 763 998 609 745 476 684

Average age 23.2+/-3.3 22.9+/-3.3 22.9+/-3.7 23.4+/-3.4 23.2+/-3.1 23.5+/-3.2 23+/-3.3 23.2+/-3.2 23+/-2.8

Gestational age at enrolment

(weeks)

19.6+/-8.7 19.1+/-8.0 20+/-8.0 21.3+/-8.2 17.5+/-8.1 19.8+/-8.9 21.5+/-10 18.5+/-8.3 18.4+/-8.8

Religion

Hindu 5137

(93.9%)

560

(91.2%)

535

(92.2%)

752

(98.6%)

886

(88.8%)

582

(95.6%)

719 (96.5%) 453

(95.2%)

650 (95%)

Muslim 299 (5.5%) 52 (8.5%) 42 (7.2%) 11 (1.4%) 95 (9.5%) 27 (4.4%) 20 (2.7%) 20 (4.2%) 32 (4.7%)

Other* 33 (%) 2 (%) 3 (0.5%) 0 (0%) 17 (%) 0 (0%) 6 (0.8%) 3 (%) 2 (%)

Maternal level of education

Illiterate 1027

(18.8%)

35 (5.7%) 17 (2.9%) 284

(37.2%)

116

(11.6%)

103

(16.9%)

210 (28.2%) 92 (19.3%) 170 (24.9%)

Literate no school 122 (2.2%) 1 (0.2%) 6 (1%) 4 (0.5%) 11 (1.1%) 46 (7.6%) 22 (3%) 6 (1.3%) 26 (3.8%)

School 4319 (79%) 578

(94.1%)

557 (96%) 475

(62.3%)

871

(87.3%)

459

(75.5%)

513 (68.9%) 378

(79.4%)

488 (71.3%)

Don’t know 1 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.2%) 0 (0%) 0 (0%) 0 (0%)

Husband’s level of education

Illiterate 1004

(18.4%)

31 (5.0%) 19 (3.3%) 230

(30.1%)

169

(16.9%)

94 (15.5%) 175 (23.5%) 92 (19.3%) 194 (28.4%)

Literate no school 112 (2.0%) 0 (0.0%) 2 (0.3%) 7 (0.9%) 8 (0.8%) 25 (4.1%) 23 (3.1%) 3 (0.6%) 44 (6.5%)

School 4348

(79.6%)

583

(95.0%)

558

(96.4%)

526

(68.9%)

821

(82.3%)

489

(80.4%)

546 (73.4%) 381

(80.0%)

444 (65.1%)

Don’t know 5 (0.1%) 0 (0%) 1 (0.2%) 0 (0%) 0 (0%) 1 (0.2%) 1 (0.1%) 0 (0%) 2 (0.3%)

Poverty level

BLP card holder 4170

(76.2%)

481

(78.3%)

420

(72.4%)

587

(76.9%)

848 (85%) 443

(72.7%)

606 (81.3%) 333 (70%) 452 (66.1%)

*other religion includes those who self-identified as Christian, Jain, Sikh or other.

doi:10.1371/journal.pone.0166623.t001
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early preterm (<34 weeks) accounted for half (8% of all deliveries). Results indicate no sex dif-

ferential in infants with 50.9% male (95% confidence interval [49.2, 52.7]) and 49.1% female.

A range of neonatal morbidities were assessed for all infants up to 28 days of age. The most

common neonatal complications amongst this population were breathing difficulties (4.1%),

lethargy (2.8%), and feeding problems (2%) (Fig 4). In total, 5.9% of infants suffered one or

more morbidities. The mortality ratios amongst infants were: neonatal mortality ratio of 25

per 1,000 livebirths, and a perinatal mortality ratio of 50 per 1,000 livebirths. In addition, a

total of 143 pregnancies (2.6%) resulted in a stillbirth.

Numerous pregnant women in this cohort suffered one or more morbidities (2.9%). The

most commonly reported morbidities were blood transfusion (1.9%) and suspected sepsis

(0.8%). Suspected sepsis was defined as fever with one or more symptoms–headache and stiff

neck, cough and shortness of breath, abdominal pain and uterine tenderness, flank pain, or

foul smelling discharge. There were five maternal deaths throughout the study period.

(Table 6)

Discussion

In this study, delivery at home was reported for only 3.8% deliveries, much less than the

reported rate by the District Level Household and Facility Survey (DLHS) of 13.4% [9]. Simi-

larly, rates of institutional deliveries were 96.0%, much higher than reported in 85.8% rural

Karnataka and other studies [10]. These differences could be due to the variability in time

demographic composition studied in these surveys.

Consistent with the information from the 2011 census data for Karnataka, higher number

of male infants were reported, although the difference is not statistically significant [8]. The

disparity has been demonstrated in rural and urban areas in Belgaum and Bagalkot, although

in rural Belgaum the sex-differential at birth is greater (rural: 37,288 males vs. 32,915 females).

The sex ratio in Karnataka is consistent with long-standing cultural beliefs regarding the per-

ceived higher value of male children [8].

Table 2. Past medical history.

Belgaum Belgaum Belgaum Belgaum Bagalkot Bagalkot Bagalkot Bagalkot

Ammangi Kanagala Chachadi Sangolli Katageri Pattadakallu Bevoor Sutugundar

Total

Women 5,469 614 580 763 998 609 745 476 684

Hypertension 59 (1.1%) 15 (2.4%) 14 (2.4%) 10 (1.3%) 6 (0.6%) 9 (1.5%) 3 (0.4%) 0(0%) 2 (0.3%)

Seizures 20 (0.4%) 3 (0.5%) 1 (0.2%) 6 (0.8%) 3 (0.3%) 3 (0.5%) 3 (0.4%) 0 (0%) 1 (0.1%)

Diabetes 7 (0.1%) 1 (0.2%) 3 (0.5%) 0 (0%) 1 (0.1%) 0 (0%) 1 (0.1%) 0 (0%) 1 (0.1%)

Tuberculosis 57 (1%) 7 (1.1%) 9 (1.6%) 6 (0.8%) 23 (2.3%) 8 (1.3%) 3 (0.4%) 0 (0%) 1 (0.1%)

Malarial medication use 18 (0.3%) 1 (0.2%) 3 (0.5%) 7 (0.9%) 1 (0.1%) 3 (0.5%) 0 (0%) 0 (0%) 3 (0.4%)

Contraceptive use 242

(4.6%)

20 (3.5%) 74 (13.5%) 18 (2.5%) 32 (3.3%) 42 (7%) 3 (0.4%) 33 (6.9%) 20 (3%)

Missing 192 43 33 38 40 13 18 0 7

Anaemia (Hemoglobin<11) ⌂ 4569

(89%)

478

(81.4%)

510

(87.9%)

744

(98.8%)

921

(92.7%)

425

(88.7%)

589 (93.6%) 363

(79.4%)

539 (82.4%)

Anaemia—severe

(Hemoglobin<7) ⌂
32 (0.6%) 4 (0.7%) 4 (0.7%) 1 (0.1%) 1 (0.1%) 6 (1.3%) 7 (1.1%) 2 (0.4%) 7 (1.1%)

Missing⌂ 337 27 0 10 5 130 116 19 30

⌂ Information was collected at the time of enrolment.

doi:10.1371/journal.pone.0166623.t002
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In Karnataka, the establishment of the National Rural Health Mission (NRHM)‘ Janani Sur-
aksha Vahini’ (a programme in which special vehicles are designated for obstetric emergency

transport) has improved access to facilities in pregnancy [11]. Despite the increase in institu-

tional births, the proportion of livebirths in this study (89%) was lower than the comparable

estimates of 95.5% in rural Karnataka [9]. A notable finding in this study is the rate of stillbirth;

this was found to be 28.6 per 1,000 births whereby stillbirth was defined with an assumed ges-

tational age of 20 weeks or more. In a recent study, the rate of national average rate of stillbirth

was found to be 23.0 per 1,000 births, however the gestational age used to define stillbirth was

28 weeks or more, thus only accounting for late fetal deaths[12]. The gestational age cutoff of

20 weeks or more gestation used to define stillbirth in this study includes numbers that include

early fetal deaths, which are not accounted for in similar studies. Globally, there has been a

reduction in the stillbirth rate consequent to increases in facility births and caesarean section

rates; however, stillbirth rates are high, indicating that quality of care and timely access to it

continues to challenge the health system [13]. Increasing availability of obstetricians and emer-

gency obstetric care in rural Karnataka may help to reduce the proportion of stillbirths that

occur intrapartum, a majority of which are preventable [12].

The NRHM has been successful in strengthening the infrastructure of primary health care,

there is, however, a large gap in the delivery of obstetric emergency services in Karnataka,

where only 36.6% of the community health centres have an obstetrician, and only 23.1% com-

munity health centres offer caesearan-section services (DLHS-4) [9]. This disparity in health

services is greatest in rural areas [14]. Furthermore, higher antenatal care coverage has been

associated with lower rates of antepartum stillbirth [12]. In this study, a vast majority (98.9%)

of women reported at least one antenatal visit, which is higher than other studies in the state

(93.4%) and 93.1% reported for rural Karnataka in the 2012–2013 DLHS-4 [9, 10]. Although

the rates of antenatal reach in this study seem to be high, the frequency of visits per woman

appear to be teetering on the edge of the World Health Organization’s (WHO) recommended

Table 4. Care seeking in pregnancy.

Belgaum Belgaum Belgaum Belgaum Bagalkot Bagalkot Bagalkot Bagalkot

Ammangi Kanagala Chachadi Sangolli Katageri Pattadakallu Bevoor Sutugundar

Total 1 2 3 4 5 6 7 8

Pregnancies 5469 614 580 763 998 609 745 476 684

Care-seeking in this pregnancy

Women with antenatal care 5386

(98.9%)

614 (100%) 575

(99.1%)

743

(97.4%)

995

(99.7%)

604

(99.2%)

723 (97.3%) 449

(98.2%)

683 (99.9%)

Times such care was sought 4.5+/-2 7.6+/-2.6 5.2+/-1.8 4.2+/-1.3 4.5+/-1.1 4.6+/-1.5 2.7+/-1.4 3.9+/-1 3.6+/-1.3

Higher level facility-based

care

618

(11.3%)

220

(35.8%)

15 (2.6%) 41 (5.4%) 9 (0.9%) 217

(35.6%)

22 (3%) 27 (5.9%) 67 (9.8%)

Other antenatal care

Tetanus toxoid vaccine 5268

(96.7%)

570

(92.8%)

547

(94.3%)

738

(96.7%)

972

(97.4%)

589

(96.7%)

722 (97.2%) 454

(99.3%)

676 (98.8%)

Blood pressure measured 5293

(97.2%)

577 (94%) 552

(95.2%)

740 (97%) 992

(99.4%)

595

(97.7%)

716 (96.4%) 453

(99.1%)

668 (97.7%)

Malaria medication 33 (0.6%) 6 (1%) 4 (0.7%) 2 (0.3%) 2 (0.2%) 3 (0.5%) 5 (0.7%) 5 (1.1%) 6 (0.9%)

Consistently slept under

mosquito net

938

(17.2%)

6 (1%) 14 (2.4%) 111

(14.5%)

450

(45.1%)

162

(26.6%)

10 (1.3%) 15 (3.3%) 170 (24.9%)

Occasionally slept under

mosquito net

3209

(58.9%)

208

(33.9%)

544

(93.8%)

483

(63.3%)

540

(54.1%)

359

(58.9%)

377 (50.7%) 419

(91.7%)

279 (40.8%)

Never slept under mosquito

net

1303

(23.9%)

400

(65.1%)

22 (3.8%) 169

(22.1%)

8 (0.8%) 88 (14.4%) 356 (47.9%) 24 (5.3%) 236 (34.5%)

doi:10.1371/journal.pone.0166623.t004
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four antenatal visits [15], ranging between an average of 2.7–7.6. The four visit antenatal care

model for low-risk populations, suggested by the WHO, is currently under review [16]. There

is a push to optimize the timing of delivery and a focus on the quality of visits over frequency.

Strengthening the quality of antenatal care to encompass family planning is essential to

decreasing adverse maternal and neonatal outcomes.

Studies among marginalized groups in the state of Karnataka, which remains among the

top ten states in India with a high proportion of scheduled castes, and scheduled tribes, indi-

cate that this socioeconomically vulnerable population show poor utilization of family plan-

ning and maternal health services [8, 10]. This population level study did not garner

information on differential social classes, although does bring insight into the care seeking

behavior in economically disadvantaged rural populations.

During the course of antenatal care, 97.2% of women reported having had at least one

blood pressure measurement, much higher than the 83.2% reported elsewhere [9].

Table 5. Delivery outcomes.

Belgaum Belgaum Belgaum Belgaum Bagalkot Bagalkot Bagalkot Bagalkot

Ammangi Kanagala Chachadi Sangolli Katageri Pattadakallu Bevoor Sutugundar

Total 1 2 3 4 5 6 7 8

Deliveries 5448 614 580 763 998 609 743 457 684

Delivery location*

Hospital 2436

(48.8%)

388

(70.7%)

404

(80.5%)

237

(34.1%)

253

(27.5%)

327 (58%) 321 (45.9%) 246

(56.7%)

260 (41.2%)

Clinic/primary health centre 2356

(47.2%)

154

(28.1%)

87 (17.3%) 435

(62.7%)

659

(71.6%)

193

(34.2%)

342 (48.9%) 152 (35%) 334 (52.9%)

Home 191 (3.8%) 7 (1.3%) 9 (1.8%) 20 (2.9%) 7 (0.8%) 41 (7.3%) 36 (5.1%) 33 (7.6%) 38 (6%)

Other 13 (0.3%) 0 (0%) 2 (0.4%) 2 (0.3%) 2 (0.2%) 3 (0.5%) 1 (0.1%) 3 (0.7%) 0 (0%)

Birth attendant*

Obstetrician 1988

(39.8%)

371

(67.6%)

266 (53%) 218

(31.4%)

255

(27.7%)

232

(41.1%)

258 (36.9%) 196

(45.2%)

192 (30.4%)

Doctor 1092

(21.9%)

156

(28.4%)

6 (1.2%) 28 (4%) 444

(48.2%)

63 (11.2%) 161 (23%) 151

(34.8%)

83 (13.2%)

Nurse/ midwife 1727

(34.6%)

16 (2.9%) 222

(44.2%)

424

(61.1%)

218

(23.7%)

226

(40.1%)

246 (35.1%) 53 (12.2%) 322 (51%)

Traditional birth attendant 19 (0.4%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.2%) 12 (1.7%) 4 (0.9%) 2 (0.3%)

Family 135 (2.7%) 4 (0.7%) 7 (1.4%) 18 (2.6%) 0 (0%) 39 (6.9%) 17 (2.4%) 25 (5.8%) 25 (4%)

Self 21 (0.4%) 0 (0%) 0 (0%) 3 (0.4%) 3 (0.3%) 3 (0.5%) 6 (0.9%) 5 (1.2%) 1 (0.2%)

Other 13 (0.3%) 2 (0.4%) 1 (0.2%) 3 (0.4%) 1 (0.1%) 0 (0%) 0 (0%) 0 (0%) 6 (1%)

Mode of delivery

Vaginal 4306 (79%) 441

(71.8%)

376

(64.8%)

647

(84.8%)

855

(85.7%)

456

(74.9%)

622 (83.7%) 352 (77%) 557 (81.4%)

Vaginal without forceps/

vacuum

3758 (69%) 418

(68.1%)

351

(60.5%)

477

(62.5%)

823

(82.5%)

449

(73.7%)

464 (62.4%) 314

(68.7%)

462 (67.5%)

Vaginal with forceps/

vacuum

549

(10.1%)

23 (3.7%) 25 (4.3%) 170

(22.3%)

32 (3.2%) 7 (1.1%) 158 (21.3%) 38 (8.3%) 96 (14%)

C-section 692

(12.7%)

109

(17.8%)

126

(21.7%)

47 (6.2%) 67 (6.7%) 108

(17.7%)

78 (10.5%) 82 (17.9%) 75 (11%)

Miscarriage 292 (5.4%) 44 (7.2%) 49 (8.4%) 44 (5.8%) 60 (6%) 23 (3.8%) 21 (2.8%) 16 (3.5%) 35 (5.1%)

Medical termination of

pregnancy

158 (2.9%) 20 (3.3%) 29 (5%) 24 (3.1%) 16 (1.6%) 22 (3.6%) 22 (3%) 7 (1.5%) 18 (2.6%)

*does not include miscarriages of medical terminations of pregnancy.

doi:10.1371/journal.pone.0166623.t005
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Furthermore, 96.7% of women report receiving at least one administration of tetanus toxoid

vaccine, which is higher than the state-level estimate of 90.1% in rural areas [9]. Prevalence of

anaemia (<11g/dL) and severe aneamia (<7g/dL) in pregnancy were much higher in this

study (89% and 0.6%, respectively) than state estimates of 62.5% and 7.1%, respectively; how-

ever, the large number of missing values for anaemia make it difficult to establish reliable esti-

mates. The rate of blood transfusion (1.9%) may be linked with these high rates of anemia.

The data shared in this paper provides critical insight to understanding the health profile of

the rural women in two districts of Karnataka state. Inequalities in maternal health are shaped

by contextual as well as individual factors, particularly urban-rural differences. This paper pro-

vides data on the socio-demographic characteristics of the marginalized rural population, and

furthermore provides information on range of individual level factors including morbidities.

There exists a paucity of information on maternal morbidities from LMIC, despite the belief

that for every maternal death at least 20 women experience a maternal morbidity [3]. Compa-

rable regional estimates of maternal morbidities captured in this study are unavailable; how-

ever, in the DLHS-4 survey indicates 36.1% of women report pregnancy complications, 26.1%

of women reported delivery complications, and 13.1% post-delivery complications [9].

It is pertinent to mention that findings from this population level study, such as the higher

than national rates of stillbirth, may accurately reflect true prevalence and maybe more

Fig 3. Pregnancy outcomes.

doi:10.1371/journal.pone.0166623.g003

Fig 4. Neonatal morbidities.

doi:10.1371/journal.pone.0166623.g004
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Table 6. Maternal and perinatal morbidities and mortalities.

Belgaum Belgaum Belgaum Belgaum Bagalkot Bagalkot Bagalkot Bagalkot

Ammangi Kanagala Chachadi Sangolli Katageri Pattadakallu Bevoor Sutugundar

Total 1 2 3 4 5 6 7 8

Pregnancies 5469 614 580 763 998 609 745 476 684

Deliveries 5448 614 580 763 998 609 743 457 684

Infants 5488 623 584 768 1003 611 749 462 688

Multiple pregnancies 39 (0.8%) 8 (1.5%) 4 (0.8%) 5 (0.7%) 5 (0.5%) 2 (0.4%) 6 (0.9%) 5 (1.2%) 4 (0.6%)

Gestational age at delivery

(weeks)

37.6+/-6.5 34.9+/-11.8 36.4+/-9.3 36.5+/-8.7 38.7+/-3.9 38.5+/-2.8 38.2+/-3.1 38.3+/-2.8 38.7+/-2.7

Preterm deliveries <34

weeks

448

(8.2%)

54 (8.8%) 57 (9.8%) 60 (7.9%) 47 (4.7%) 53 (8.7%) 70 (9.4%) 32 (7%) 75 (11%)

Preterm deliveries <37

weeks

879

(16.1%)

91 (14.8%) 100

(17.2%)

119

(15.6%)

97 (9.7%) 109

(17.9%)

159 (21.4%) 84 (18.4%) 120 (17.5%)

Birth outcomes (of total pregnancies)

Miscarriage 294

(5.4%)

45 (7.3%) 49 (8.4%) 44 (5.8%) 61 (6.1%) 23 (3.8%) 21 (2.8%) 16 (3.5%) 35 (5.1%)

Medical termination of

pregnancy

158

(2.9%)

20 (3.3%) 29 (5%) 24 (3.1%) 16 (1.6%) 22 (3.6%) 22 (3%) 7 (1.5%) 18 (2.6%)

Stillbirth 143

(2.6%)

20 (3.3%) 9 (1.6%) 20 (2.6%) 17 (1.7%) 19 (3.1%) 25 (3.4%) 19 (4.2%) 14 (2%)

Livebirth 4852

(89.1%)

529

(86.2%)

493 (85%) 674

(88.3%)

904

(90.6%)

545

(89.5%)

675 (90.8%) 415

(90.8%)

617 (90.2%)

Neonatal outcomes

Male 2550

(50.9%)

295

(53.5%)

244

(48.6%)

348

(50.0%)

465

(50.4%)

298

(52.8%)

352 (50.2%) 226

(51.8%)

322 (50.9%)

Female 2455

(49.1%)

256

(46.5%)

258

(51.4%)

348

(50.0%)

458

(49.6%)

266

(47.2%)

349 (49.8%) 210

(48.2%)

310 (49.1%)

Don’t know 6 (0.1%) 0 (0%) 0 (0%) 1 (0.1%) 2 (0.2%) 2 (0.4%) 1 (0.1%) 0 (0%) 0 (0%)

Birthweight (g) 2765.3

+/-474.6

2847.9

+/-554.4

2731.2

+/-476.8

2659

+/-472

2805.2

+/-432.9

2774.8

+/-456.6

2803.4

+/-431.7

2746.1

+/-489.4

2742.9

+/-487.6

Birthweight <2500g 809

(16.4%)

68 (12.7%) 83 (16.5%) 150

(21.7%)

132

(14.3%)

112

(20.4%)

73 (10.7%) 64 (14.8%) 127 (20.7%)

Birth injury 23 (0.5%) 9 (1.7%) 2 (0.4%) 0 (0%) 2 (0.2%) 2 (0.4%) 2 (0.3%) 4 (1%) 2 (0.3%)

Congenital anomaly 19 (0.3%) 2 (0.3%) 1 (0.2%) 4 (0.5%) 4 (0.4%) 0 (0%) 1 (0.1%) 0 (0%) 7 (1%)

One or more morbidity 322

(6.8%)

33 (6.4%) 53 (11%) 13 (2%) 23 (2.6%) 83 (15.6%) 43 (6.5%) 22 (5.4%) 52 (8.8%)

Breathing problems 226

(4.1%)

19 (3.1%) 47 (8.1%) 12 (1.6%) 21 (2.1%) 55 (9%) 15 (2%) 17 (3.7%) 40 (5.8%)

Feeding problems 110 (2%) 20 (3.3%) 35 (6%) 9 (1.2%) 15 (1.5%) 13 (2.1%) 9 (1.2%) 5 (1.1%) 4 (0.6%)

Lethargy 154

(2.8%)

16 (2.6%) 30 (5.2%) 14 (1.8%) 10 (1%) 43 (7.1%) 33 (4.4%) 4 (0.9%) 4 (0.6%)

Coma 11 (0.2%) 2 (0.3%) 0 (0%) 5 (0.7%) 1 (0.1%) 1 (0.2%) 2 (0.3%) 0 (0%) 0 (0%)

Seizure 23 (0.4%) 2 (0.3%) 1 (0.2%) 1 (0.1%) 9 (0.9%) 7 (1.1%) 0 (0%) 0 (0%) 3 (0.4%)

Umbilical stump infection 13 (0.2%) 1 (0.2%) 0 (0%) 1 (0.1%) 3 (0.3%) 2 (0.3%) 0 (0%) 0 (0%) 6 (0.9%)

Skin infection 11 (0.2%) 0 (0%) 1 (0.2%) 3 (0.4%) 1 (0.1%) 3 (0.5%) 1 (0.1%) 0 (0%) 2 (0.3%)

Jaundice 41 (0.8%) 3 (0.5%) 5 (0.9%) 0 (0%) 4 (0.4%) 15 (2.5%) 3 (0.4%) 4 (0.9%) 7 (1%)

Diarrhea/vomiting 64 (1.2%) 9 (1.5%) 6 (1%) 0 (0%) 3 (0.3%) 13 (2.1%) 8 (1.1%) 13 (2.8%) 12 (1.8%)

Bleeding 10 (0.2%) 1 (0.2%) 0 (0%) 0 (0%) 1 (0.1%) 6 (1%) 1 (0.1%) 1 (0.2%) 0 (0%)

Stillbirth 143

(2.6%)

20 (3.3%) 9 (1.6%) 20 (2.6%) 17 (1.7%) 19 (3.1%) 25 (3.4%) 19 (4.2%) 14 (2%)

Early neonatal death 101

(2.1%)

9 (1.7%) 10 (2%) 12 (1.8%) 19 (2.1%) 10 (1.8%) 12 (1.8%) 10 (2.4%) 19 (3.1%)

Late neonatal death 19 (0.4%) 2 (0.4%) 0 (0%) 2 (0.3%) 5 (0.6%) 1 (0.2%) 2 (0.3%) 1 (0.2%) 6 (1%)

(Continued )

Maternal and Newborn Health in India: CLIP Trial’s Baseline Results

PLOS ONE | DOI:10.1371/journal.pone.0166623 January 20, 2017 12 / 16



comprehensive than census data. It is suggested that globally, less than 5% of neonatal deaths

and even fewer stillbirths (especially intrapartum stillbirths) are recorded or made available in

hospital and national information systems, particularly in rural areas [12]. In addition,

national vital registration systems can fail to record up to 50% of maternal deaths due to errors

of misclassification resulting from errors in medical reporting, certifications, and challenges in

applying the ICD-code [1]. In the absence of reliable clinical definitions, audit processes and

data information systems in facilities, estimates offered by this study can be instrumental in

monitoring and planning of health interventions.

This study is not free from the limitations of self-reported data, and may be susceptible to

social desirability bias and inaccurate recall; however, the use of prospective data collection

reduces the inaccuracies associated with recall and reporting. Early registration of pregnant

women allowed for capturing information on pregnancy outcomes at earlier gestational ages

including estimates of miscarriages and medical terminations of pregnancy. Furthermore, the

systematic and close follow-up of pregnancies ensured that few women were lost to follow-up

[17]. Close oversight and monitoring allowed the capture of most pregnancy outcomes, in

spite of the very common practice of migration in pregnancy to their mothers’ home.

Since 2005, the NRHM has helped make substantial improvements to maternal and new-

born health in rural India by investments in primary health infrastructure increases in institu-

tional deliveries by programs such as ‘Janani Suraksha Yojana’, and by the extension of

community-based health activists ASHAs [11].Despite these strides, India is ranked first for

Table 6. (Continued)

Belgaum Belgaum Belgaum Belgaum Bagalkot Bagalkot Bagalkot Bagalkot

Ammangi Kanagala Chachadi Sangolli Katageri Pattadakallu Bevoor Sutugundar

Total 1 2 3 4 5 6 7 8

Maternal morbidities

One or more morbidity 160

(3.3%)

14 (2.7%) 24 (4.9%) 17 (2.5%) 21 (2.3%) 28 (5.1%) 11 (1.6%) 13 (3.1%) 32 (5.2%)

Blood transfusion 102

(1.9%)

16 (2.6%) 19 (3.3%) 7 (0.9%) 7 (0.7%) 13 (2.1%) 10 (1.3%) 10 (2.2%) 20 (2.9%)

Hysterectomy 5 (0.1%) 0 (0%) 0 (0%) 1 (0.1%) 1 (0.1%) 1 (0.2%) 1 (0.1%) 0 (0%) 1 (0.1%)

Antepartum haemorrhage 28 (0.5%) 0 (0%) 3 (0.5%) 9 (1.2%) 4 (0.4%) 4 (0.7%) 3 (0.4%) 0 (0%) 5 (0.7%)

Coma 3 (0.1%) 1 (0.2%) 1 (0.2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.1%)

Failure to form clots 17 (0.3%) 0 (0%) 0 (0%) 2 (0.3%) 1 (0.1%) 1 (0.2%) 0 (0%) 0 (0%) 13 (1.9%)

Fever and symptom of

sepsis

41 (0.8%) 2 (0.3%) 1 (0.2%) 8 (1%) 12 (1.2%) 14 (2.3%) 0 (0%) 0 (0%) 4 (0.6%)

Bimanual uterine

compression

4 (0.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (0.7%) 1 (0.1%)

Brace sutures 3 (0.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (0.7%) 0 (0%)

CPR 2 (0%) 0 (0%) 1 (0.2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.1%)

Dialysis 1 (0%) 0 (0%) 0 (0%) 1 (0.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Internal iliac artery ligation/

devascularisation

3 (0.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (0.7%) 0 (0%)

Mechanical ventilation 2 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (0.4%) 0 (0%)

Seizure 15 (0.3%) 2 (0.3%) 6 (1%) 1 (0.1%) 1 (0.1%) 2 (0.3%) 1 (0.1%) 0 (0%) 2 (0.3%)

Stroke 1 (0%) 0 (0%) 1 (0.2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Severe postpartum

hemorrhage

28 (0.5%) 2 (0.3%) 1 (0.2%) 2 (0.3%) 1 (0.1%) 6 (1%) 4 (0.5%) 1 (0.2%) 11 (1.6%)

Maternal deaths 5 (0.1%) 0 (0%) 1 (0.2%) 2 (0.3%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (0.3%)

doi:10.1371/journal.pone.0166623.t006
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stillbirth and neonatal deaths in 2015, and contributes to the highest proportion of maternal

deaths in the world [1, 12].

Population-level estimates, as offered in this study, are essential to focus interventions and

policies to improve maternal and newborn health in rural areas such as CLIP trial India, which

not only increases the frequency of ante-natal visits but also the quality of care. This study pro-

vides vital statistics that can be used to guide maternal health interventions, to address prevent-

able morbidities, including addressing effective ante-natal care, strengthening emergency

obstetric care and contraceptive uptake in communities.

Conclusions

This population level study establishes baseline rates of maternal and newborn health in Bel-

gaum and Bagalkot districts in Karnataka over 2013–14, and aids in improving knowledge of

population-level health. To monitor indicators of effectiveness of national programmes for

improving maternal and newborn health such as the National Rural Health Mission, this infor-

mation is valuable and can inform practice and policy.
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4. Say L, Chou D, Gemmill A, Tunçalp Ö, Moller A, Daniels J, et al. Global causes of maternal death: a

WHO systematic analysis. Lancet Global health 2014; 2(6):e323–e333 doi: 10.1016/S2214-109X(14)

70227-X PMID: 25103301

5. Kodkany BS, Derman RJ, Honnungar NV, Tyagi NK, Goudar SS, Mastiholi SC, et al. Establishment of a

Maternal Newborn Health Registry in the Belgaum District of Karnataka, India. BMC Repro health 2015;

12 Suppl 2:S3–S3.

6. World Health Organization SEARO Region: Improving Maternal, Newborn and Child Health in the

South-East Asia Region. 2005

7. Payne B, von Dadelszen P, Bhutta Z, Magee L, Adetoro O, Sotunsa J, et al. Protocol 13PRT/9313:The

Community Level Interventions for Pre-eclampsia (CLIP) Trials: four prospective cluster randomised

controlled trials comparing a package of interventions directed towards improving maternal and perina-

tal outcomes related to pre-eclampsia with current standards of care (NCT01911494). Lancet. Expect-

ing submission date January, 2018.

8. Government of India. Office of The Registrar General & Census Commissioner. Census 2011 Our Cen-

sus, Our Future. 2011.

9. International Institute for Population Sciences. Ministry of Health and Family Welfare Government of

India. District Level Household and Facility Survey -4. State Fact Sheet Karnataka (2012–13) [Internet]

Available online at http://rchiips.org/pdf/dlhs4/report/KA.pdf. Accessed February 2016.

Maternal and Newborn Health in India: CLIP Trial’s Baseline Results

PLOS ONE | DOI:10.1371/journal.pone.0166623 January 20, 2017 15 / 16

http://dx.doi.org/10.1016/S0140-6736(15)00838-7
http://www.ncbi.nlm.nih.gov/pubmed/26584737
http://nrhm.gov.in/nrhm-in-state/state-wise-information/karnataka.html
http://nrhm.gov.in/nrhm-in-state/state-wise-information/karnataka.html
http://dx.doi.org/10.1016/S2214-109X(14)70227-X
http://dx.doi.org/10.1016/S2214-109X(14)70227-X
http://www.ncbi.nlm.nih.gov/pubmed/25103301
http://rchiips.org/pdf/dlhs4/report/KA.pdf


10. 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):30–30.

11. Sharma AK. National rural health mission: time to take stock. Indian journal of community medicine: offi-

cial publication of Indian Association of Preventive & Social Medicine 2009; 34(3):175–182.

12. Lawn JE, Blencowe H, Waiswa P, Amouzou A, Mathers C, Hogan D, et al. Stillbirths: rates, risk factors,

and acceleration towards 2030. Lancet 2016; 387(10018):587. doi: 10.1016/S0140-6736(15)00837-5

PMID: 26794078

13. 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 Jun 8; 12(2):1.

14. Evans CL, Maine D, McCloskey L, Feeley FG, Sanghvi H. Where there is no obstetrician–increasing

capacity for emergency obstetric care in rural India: An evaluation of a pilot program to train general

doctors. Int J Gynaecol Obstet 2009; 107(3):277–282 doi: 10.1016/j.ijgo.2009.09.006 PMID: 19846091

15. Carroli G, Villar J, Piaggio G, Khan-Neelofur D, Gülmezoglu M, Mugford M, et al. WHO systematic

review of randomised controlled trials of routine antenatal care. Lancet 2001; 357(9268):1565–70. doi:

10.1016/S0140-6736(00)04723-1 PMID: 11377643

16. Abalos E, Chamillard M, Diaz V, TuncalpӦ, Gülmezoglu A. Antenatal care for healthy pregnant

women: a mapping of interventions from existing guidelines to inform the development of new WHO

guidance on antenatal care. BJOG 2016; 123(4):519–528. doi: 10.1111/1471-0528.13820 PMID:

26694196

17. Goudar SS, Carlo WA, McClure EM, Pasha O, Patel A, Esamai F, et al. The Maternal and Newborn

Health Registry Study of the Global Network for Women’s and Children’s Health Research. Int J Gynae-

col Obstet 2012; 118(3):190–193. doi: 10.1016/j.ijgo.2012.04.022 PMID: 22738806

Maternal and Newborn Health in India: CLIP Trial’s Baseline Results

PLOS ONE | DOI:10.1371/journal.pone.0166623 January 20, 2017 16 / 16

http://dx.doi.org/10.1016/S0140-6736(15)00837-5
http://www.ncbi.nlm.nih.gov/pubmed/26794078
http://dx.doi.org/10.1016/j.ijgo.2009.09.006
http://www.ncbi.nlm.nih.gov/pubmed/19846091
http://dx.doi.org/10.1016/S0140-6736(00)04723-1
http://www.ncbi.nlm.nih.gov/pubmed/11377643
http://dx.doi.org/10.1111/1471-0528.13820
http://www.ncbi.nlm.nih.gov/pubmed/26694196
http://dx.doi.org/10.1016/j.ijgo.2012.04.022
http://www.ncbi.nlm.nih.gov/pubmed/22738806


Research Article
A Comparison of Colorimetric Assessment of Vaginal pH with
Nugent Score for the Detection of Bacterial Vaginosis

Matthew K. Hoffman,1 Mrutyunjaya B. Bellad,2 Umesh S. Charantimath,2

Avinash Kavi,2 Jyoti M. Nagmoti,2 Mahantesh B. Nagmoti,2 Ashalata A. Mallapur,3

Geetanjali M. Katageri,3 Umesh Y. Ramadurg,3 Sheshidhar G. Bannale,3

Amit P. Revankar,2 M. S. Ganachari,2 Richard J. Derman,4 and Shivaprasad S. Goudar2

1Department of Obstetrics & Gynecology, Christiana Care Health System, Newark, DE, USA
2KLE University Jawaharlal Nehru Medical College, Belgaum, Karnataka, India
3S. Nijalingappa Medical College and HSK Hospital and Research Centre, Bagalkot, Karnataka, India
4Thomas Jefferson University, Philadelphia, PA, USA

Correspondence should be addressed to Matthew K. Hoffman; mhoffman@christianacare.org

Received 6 October 2016; Revised 27 December 2016; Accepted 9 January 2017; Published 15 February 2017

Academic Editor: Bryan Larsen

Copyright © 2017 Matthew K. Hoffman et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background. A Nugent score > 7 has been defined as the gold standard for the diagnosis for bacterial vaginosis (BV), though it is
resource intensive and impractical as point of care testing. We sought to determine if colorimetric assessment of vaginal pH can
accurately predict the occurrence of BV. Methods. We performed a planned subanalysis of 1,216 pregnant women between 13 0/7
and 19 6/7 weeks who underwent vaginal examination as part of a randomized controlled trial. Using a standardized technique,
specimens were obtained for colorimetric assessment and two separate slides for Gram staining. These slides were subsequently
evaluated by two independent blinded microbiologists for Nugent scoring. Results. Interrater reliability of the interpretation of the
Nugent score was excellent (intraclass correlation-individual 0.93 (95 CI 0.92 to 0.94) and average 0.96 (95% CI 0.95 to 0.97)). The
sensitivity of an elevated pH > 5 for a Nugent score > 7 was 21.9% while the specificity was 84.5%. The positive predictive value in
our population was 33.7% with a negative predictive value of 75.0%. Conclusion. Though the Nugent score is internally accurate,
the prediction of BV using vaginal pH alone has poor sensitivity and specificity.

1. Background

Bacterial vaginosis (BV) remains the most common form of
vaginitis affecting women globally [1] and has been linked
to several poor outcomes including preterm birth [2] and
posthysterectomy infection [3]. Nonetheless, 29% of US
women are noted to meet diagnostic criteria of BV, though
themajority are clinically asymptomatic [4]. Recently, genetic
microbiome studies have demonstrated that the occurrence
of BV represents an absence of acid forming morphotypes of
lactobacillus [5].This lack of lactobacilli is frequently accom-
panied by an overgrowth of Gardnerella vaginalis forming

an infected biofilm and creating a permissive environment
for the overgrowth of numerous anaerobic Gram negative
rods [6]. Nonetheless, the vaginal microbiome, as defined by
Nugent scoring, is noted to vary dramatically by region of the
world [7].

Several prior studies have suggested that vaginal pH
alone may be an accurate marker for the detection of BV
[8–10]. These high correlations have not been witnessed in
other studies. It is thus important to establish the accuracy
of vaginal pH to detect BV in an area where the resource
intensive approaches toGram stain and lightmicroscopymay
not be readily available. We thus sought to determine the
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ability of vaginal pH to detect BV as defined by the Nugent
score amongst pregnant women in a low middle income
setting in southern India.

2. Methods

Prior to the initiation of the study, Institutional Review
Board approval was obtained from both participating insti-
tutions (Jawaharlal Nehru Medical College, Belgaum, India,
and Christiana Care Health Services, Newark, Delaware).
This trial was a planned substudy of a prospective indi-
vidually randomized trial of pregnant women with an
elevated vaginal pH (≥5.0) who would be treated with
Clindamycin or placebo (ClinicalTrials.Gov NCT01800825,
ICTR CTRI/2013/07/003799). Pregnant women between the
gestational ages of 13 0/7 and 19 6/7 weeks were invited
to participate in the trial. To be included women were to
have a singleton gestation with no anomalies by history.
Women were likewise excluded if they had a history of taking
antibiotics in the last 14 days, had a history of vaginal bleeding
in the last 3 days, had a symptomatic vaginal discharge, or
were unable to consent (age < 18 years with no provisions
for family/husband consent). Consistent with the guidelines
of the ethics review committee, before each examination, a
woman provided consent in her local language under the
direct observation of trained field staff.

Our primary outcome was the presence of BV as defined
as a Nugent score of 7 or greater [11]. Though competing
definitions for BV exist, such as Amsel’s criteria, the Nugent
scoring systemwas chosen as it has been acknowledged as the
gold standard [11, 12].

Prior to field initiation, certified Auxiliary Nurse Mid-
wives (ANMs) were trained in a standardized methodology
for both obtaining slides for Gram stain and vaginal pH using
a video and direct observation by a central team member.
Using a standardized speculum exam, specimens were taken
from the lateral vaginal sidewalls. Gram stains were obtained
using 2 separate acrylic swabs and then immediately plated
on a clean glass slide that was allowed to air dry. These
slides were transported to a central reading area where
they underwent Gram stain. Nugent score was then read by
two independent pathologists in accordance with accepted
techniques [11]. Women who had a Nugent score of 7 or
greater were deemed to have bacterial vaginosis. In cases
wherein the two pathologists disagreed and with one scoring
below 7, the higher score was chosen to define the presence
or absence of bacterial vaginosis.

Vaginal pH was determined by directly placing a small
portion of pH paper in the same location that the vaginal
swab for the Gram stain was obtained from and it remained
until being saturated with vaginal fluid. The pH was then
evaluated after the pH paper had been allowed to dry
after 60 seconds. PH paper was universally obtained from
Micro-Essential Laboratories (Hydrion 345 S/R Dispenser;
Brooklyn, NY) and is able to discriminate pH in 0.5 moles
per liter increments between 3.0 and 5.5.These were recorded
and read independently of the Gram stains.

Statistical analysis consisted of performing an intraclass
correlation (two-way mixed effect model) between the two

Table 1: Demographics.

Variable 95% CI
Age in years 23.7 22.7 to 24.7
Gravidity 2.5 1.9 to 3.1
Parity 1.4 1.3 to 1.5
Height in cm 151.2 150.6 to 151.8
Weight in kg 46.0 45.2 to 46.9
Years in school 8.8 8.5 to 9.2
Respiratory disease 1.57%
Cardiac disease 0.94%
Diabetes 0.31%
Other diseases 0.63%

Women screened 
N = 1244

Only 1 available slide 
N = 28

Available for analysis
N = 1216

Figure 1

scoring microbiologists for both Nugent score and the
occurrence of BV (Nugent score ≥ 7). Comparison of the
presence of BV defined by an elevated vaginal pH (≥5) versus
BV defined by Nugent score was likewise compared using
a pairwise correlation. Summary statistics were performed
using simple univariate modelling. All statistical analysis
were performed using STATA 14.0 (College Station TX).

3. Results

A total of 6,473 women underwent screening in the parent
study; 26.7% (𝑁 = 1,728) were found to have a vaginal
pH ≥ 5. Of this cohort, a total of 1,244 women underwent
screening with both a vaginal Gram stain and a vaginal pH,
of which 1,216 (97.6%) met the entrance requirement (see
Figure 1). Twenty-eight women were eliminated due to the
lack of a second slide. Demographics of the participants are
presented in Table 1. Our participants can best be summated
as a young healthy but underweight cohort. This cohort is
consistent with participants of our prior studies and the
general population [13].

As determined by a Nugent score of 7 or greater, 17.4%
of our participants had bacterial vaginosis. With reference to
the Nugent score, there was a very high correlation between
the two pathologists both between each other and the mean
value. The intraclass correlation between raters was 0.929
(95% CI 0.920 to 0.936) and between the average was 0.963
(95% CI 0.959 to 0.967) (𝑃 value < 0.001). This suggests that
Nugent score is a highly accurate and consistent test.

https://clinicaltrials.gov/ct2/show/NCT01800825
http://www.ctri.nic.in/Clinicaltrials/pmaindet2.php?trialid=6796
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Figure 2: % distribution by pH and Nugent grouping.

In contrast, vaginal pH fared poorly as a predictor
of bacterial vaginosis defined as a Nugent score of 7 or
greater.This is graphically illustrated in Figure 2, wherein the
distribution of vaginal pH values is shown by Nugent groups
(0 to 3, 4 to 6, and 7 to 10). In this graph one can see that
the frequency of vaginal pH values appears to be normally
distributed, not skewed with the higher pH values in the 7
to 10 group. The pairwise correlation between a pH ≥ 5 and
an elevated Nugent score was 0.66 (𝑃 value of 0.021). The
sensitivity of an elevated pH ≥ 5 by Nugent score was 21.7%
while the specificity was 84.1%. The positive predictive value
in our population was 31.1% with a negative predictive value
of 76.4%.

4. Discussion

The clinical diagnosis of bacterial vaginosis has long been
made using Amsel’s criteria (elevated vaginal pH, presence
of clue cells, milky discharge, and positive whiff test) or
Nugent’s criteria [14].Throughmicrobiotics, we have come to
understand that bacterial vaginosis is a complex entity char-
acterized largely as the absence of acid forming lactobacillus
and a concomitant proliferation of other anaerobic bacteria
[5]. This lack of acidity allows the proliferation of other
organisms (microbial dysbiosis) which may be causative
of underlying disease [15]. As lactobacilli play a key role
in acidifying the vagina, it is not surprising that vaginal
pH remains part of Amsel’s criteria in making the clinical
diagnosis of bacterial vaginosis.

Though we were able to demonstrate that an elevated
vaginal pH is significantly associated with bacterial vaginosis
as defined by Nugent’s criteria, our measurement of vaginal
pH had poor sensitivity and specificity compared to other
publications. Amongst our participants, only 21.7% of women
with an elevated vaginal pH (defined as vaginal pH or greater
than or equal to 5.0.) had bacterial vaginosis. This finding
is much more consistent with other reports that have found
vaginal pH to be a relatively poor predictor of BV [8, 10].This
may in part be explained by the fact that vaginal microbiome
of southern India may be markedly different than that in
other countries [7].

Though broadly accepted as the gold standard, it is
important to remember that the Nugent score reflects the
relative ratios of large Gram positive rods (lactobacillus),
small Gram variable rods, and curved Gram variable rods
[11]. Whether these findings are diagnostic of BV and are
associated with both disease and poor obstetrical outcomes
in rural India where the microbiome may be different is
unclear [7]. Further complicating the issue, recent genomic
studies have demonstrated that “healthy” women who lack
appreciable colonies of lactobacilli are relatively common
[16, 17]. These women appear to have other bacteria that are
capable of acidifying the vagina, promoting microbial health.
In such women, Nugent’s criteria may not be an appropriate
marker of the health of the vaginal microbiome.

Perhaps more important than how the diagnosis of
bacterial vaginosis is derived is that an elevated vaginal
pH represents an atypical vaginal microbiome free of acid
forming organisms. Such an environment has been shown
to provide permissive growth of pathological organisms like
mycoplasma amongst others [18]. Several investigations have
been able to link an elevated vaginal pH without either an
elevatedNugent score or the other portions of Amsel’s criteria
with poor outcomes including preterm birth and preterm
premature rupture of membranes [19–21]. It is for this reason
that we will be exploring our obstetrical outcomes by vaginal
pH in this unique cohort.
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Abstract

Introduction: The prevalence of Type 2 diabetes mellitus (T2DM) has reached alarming proportions due to the rapidly increasing 
rates of this disease worldwide. Preclinical and clinical studies have revealed elevated levels of inflammatory markers in a vast 
number of illnesses such as T2DM, obesity, and atherothrombosis collectively called metabolic syndrome leading to adverse 
cardiovascular events. Dipeptidyl peptidase 4 (DPP‑4) inhibitors which are the enhancers of glucagon‑like peptide 1 (GLP ‑1), 
could have anti‑inflammatory potential which could help in reducing cardiovascular complications of diabetes and benefit patients 
suffering from the metabolic syndrome. Objective: The objective of this study was to analyze the effect of DPP‑4 inhibitors, 
namely vildagliptin and saxagliptin on acute and subacute models of inflammation. Materials and Methods: Male Wistar rats 
were randomly divided into control, standard, and two treatment groups (6 animals in each group, total 24 animals). The animals 
received the drugs orally. The effects of vildagliptin and saxagliptin on inflammation were tested in acute (carrageenan‑induced paw 
edema method) and subacute (grass pith and cotton pellet implantation method) models of inflammation. Results: Vildagliptin 
and saxagliptin used in the present study showed a significant anti‑inflammatory activity in acute and subacute models of 
inflammation. Conclusion: The present study suggests that vildagliptin and saxagliptin have significant anti‑inflammatory 
potential. Based on the findings of the present study and the available literature, it can be concluded that the anti‑inflammatory 
potential of DPP‑4 inhibitors could help to reduce the cardiovascular complications of Type 2 diabetes and the related cluster 
of metabolic disorders collectively called the metabolic syndrome.
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Introduction

The world prevalence of diabetes among adults 
(aged 20–79 years) is estimated to be 6.4%, affecting 285 million 
adults in 2010, and will increase to 7.7% and affect 439 million 

adults by 2030. Between 2010 and 2030, there will be a 69% 
increase in the number of adults with diabetes in developing 
countries and a 20% increase in developed countries.[1]

Low‑grade inflammation has been viewed as a major 
pathophysiological factor in insulin resistance development 
and evolution of Type 2 diabetes mellitus (T2DM).[2] A vast 
number of investigations both clinical as well as preclinical 
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have revealed an association between low‑grade inflammation 
and a vast number of pathologies such as T2DM, obesity, and 
atherothrombosis collectively called metabolic syndrome, 
leading to adverse cardiovascular events.[3]

The receptors for the incretin, glucagon‑like peptide 1 (GLP‑1), 
are expressed in a wide variety of tissues such as the endothelial 
cells, vascular smooth muscle cells, monocytes, macrophages, 
and lymphocytes, raising the possibility that GLP‑1 could have 
direct effects on atherosclerosis and inflammation. Among the 
various effects of GLP‑1 on the cardiovascular system, one of 
the important effects is reduction of inflammation by reducing 
the levels of inflammatory mediators, decreased monocyte 
adhesion, reduction in the proliferation of macrophages and 
macrophage foam cell formation, and smooth muscle cell 
proliferation. In addition to this, in the cardiovascular system, 
incretins have also been found to enhance endogenous 
antioxidant defenses, inhibit cardiomyocyte apoptosis, and 
attenuate endothelial inflammation and dysfunction. GLP‑1 
receptor agonist exenatide has been found to reduce 
oxidative stress, microvascular endothelial dysfunction, and 
markers of inflammation such as monocyte chemoattractant 
protein‑1 (MCP‑1) and tumor necrosis factor α (TNF‑α).[4‑6]

Literature points to the fact that GLP‑1 receptors have a 
widespread distribution, and GLP‑1 and its analogs have 
anti‑inflammatory potential. Hence, dipeptidyl peptidase 
4 (DPP‑4) inhibitors which are the enhancers of GLP‑1 could 
have anti‑inflammatory potential. Hence, the current study 
was taken up to explore the anti‑inflammatory potential of 
DPP‑4 inhibitors, namely vildagliptin and saxagliptin in male 
Wistar rats.

Materials and Methods
Experimental animals
Twenty four adult male Wistar rats of 150–200 g body 
weight were obtained from the central animal house of the 
institution. Animals were housed under standard conditions 
and acclimatized to 12 h light/dark cycle 10 days prior 
to the day of experimentation. They were given access to 
food (standard rat chow pellets) and water ad libitum. The study 
was approved by the Institutional Animal Ethical Committee.

Experimental setup
Rats were divided into four groups with six animals in each 
group. They were randomly divided into control, standard, 
and two treatment groups. Group I ‑ control group received 
0.5 ml of 1% gum acacia suspension, orally. Group II ‑ standard 
group received oral aspirin (200 mg/kg body weight of rat 
equivalent to 2222 mg of clinical dose orally).[7] Aspirin was 
taken as a standard anti‑inflammatory drug. Group III received 

vildagliptin (9 mg/kg body weight of rat equivalent to 100 mg of 
clinical dose orally)[8] Group IV received saxagliptin (0.45 mg/kg 
body weight of rat equivalent to 5 mg of clinical dose orally).[8]

Carrageenan‑induced rat paw edema
Drugs were administered in a single dose prior to induction 
of acute inflammation by injecting carrageenan (0.05 ml of 1% 
suspension in 0.9% saline) in subplantar region of the left hind paw. 
A mark was made on the hind limb at the malleolus to facilitate 
uniform dipping at subsequent readings. Paw edema volume 
was measured in milliliters with the help of a plethysmograph 
by mercury displacement method at 0 h, i.e., immediately after 
injecting carrageenan. The same procedure was repeated at 0.5, 1, 
2, 3, 4, and 5 h after injecting carrageenan.[9] Percentage inhibition 
of edema in various drug‑treated groups was calculated using 
the following formula:[10]

Percentage inhibition of edema
Mean increase in paw volu

=

−1
mme in treated group

Mean increase in paw volume in control  group
×100

Foreign body‑induced granuloma method
The subacute inflammation was induced in each rat by 
implanting subcutaneously two sterile cotton pellets weighing 
10 mg each and two sterile grass piths (25 mm × 2 mm each) 
in axilla and groin, respectively, under thiopentone anesthesia 
with aseptic precautions. Wounds were then sutured and 
animals were caged individually after recovery from anesthesia. 
Treatment was started on the day of implantation and 
continued for 10 days. [11,12]

On the 11th day, the rats were sacrificed to remove the cotton 
pellets and grass piths. The grass piths were preserved in 10% 
formalin for histopathological studies. Sections were stained 
with hematoxylin and eosin, and the granulation tissue in 
each group was studied microscopically. The pellets, free from 
extraneous tissue, were dried overnight at 60°C to note 
their dry weight. Net granuloma formation was calculated by 
subtracting initial weight of the cotton pellet (10 mg) from 
the weights recorded. Mean granuloma dry weight for various 
groups was calculated and expressed as mg/100 g body weight. 
Percentage inhibition of granuloma dry weight was calculated 
using the following formula:[10]

% inhibition of granuloma dry weight =

1
Dry weight of granul

−
ooma in treated group

Dry weight of granuloma in control grooup
×100

Statistical analysis
The data for all the groups were expressed as mean ± standard 
error of mean and were analyzed using one‑way analysis of 
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variance followed by post hoc Dunnett’s test. P < 0.05 was 
considered statistically significant. All data were analyzed using 
the statistical software GraphPad Prism (GraphPad Software, 
Inc. La Jolla, California, USA).

Results

In the present study, DPP‑4 inhibitors, namely saxagliptin and 
vildagliptin were investigated for their anti‑inflammatory effects 
using acute and subacute models of inflammation in male Wistar 
rats. Aspirin was taken as a standard anti‑inflammatory drug.

Acute inflammation (carrageenan‑induced paw edema)
A significant reduction in mean edema volume in milliliters (ml) 
as measured by mercury displacement using a plethysmograph 
was observed in aspirin, saxagliptin, and vildagliptin groups as 
compared to the control group.

The mean edema volumes in ml as measured by mercury 
displacement using a plethysmograph for control group at ½, 1, 
2, 3, 4, and 5 h were 1.1 ± 0.02, 1.2 ± 0.01, 1.3 ± 0.02, 1.28 ± 0.06, 
1.25 ± 0.02, and 1.15 ± 0.04, respectively [Table 1 and Figure 1], 
whereas the corresponding mean values in the aspirin‑treated 
group were 0.98 ± 0.02, 1.1 ± 0.01, 1.14 ± 0.03, 1.11 ± 0.03, 
1.1 ± 0.02, and 1 ± 0.02, respectively [Table 1 and Figure 1] 
with percentage inhibition of 11%, 7.6%, 12.3%, 13.2%, 12%, 
and 13%, respectively, indicating significant anti‑inflammatory 
activity of aspirin [Table 1].

The mean edema volumes in ml for vildagliptin‑treated 
group at ½, 1, 2, 3, 4, and 5 h were 1.08 ± 0.01, 1.1 ± 0.02, 
1.15 ± 0.01, 1.06 ± 0.03, 1.09 ± 0.02, and 0.99 ± 0.05, 
respectively [Table 1 and Figure 1] with percentage 
inhibition of 1.5%, 8.3%, 11.5%, 17.2%, 12.8%, and 14%, 
respectively, indicating significant anti‑inflammatory activity 
of vildagliptin [Table 1].

The mean edema volumes in ml for saxagliptin‑treated group 
at ½, 1, 2, 3, 4, and 5 h were 1 ± 0.02, 1.03 ± 0.02, 1.12 ± 0.04, 
1.07 ± 0.03, 1.02 ± 0.04, and 0.95 ± 0.03, respectively 
[Table 1 and Figure 1] with percentage inhibition of 9%, 

14%, 13.8%, 16.4%, 18.4%, and 17.4%, respectively, indicating 
significant anti‑inflammatory activity of saxagliptin [Table 1]. 
The above results clearly indicate the anti‑inflammatory 
activity of vildagliptin and saxagliptin.

Subacute inflammation  (foreign body‑induced 
granuloma method)
The mean dry weight of 10‑day‑old granuloma, expressed as 
mg per 100 g body weight, in control group was 28 ± 0.36, 
whereas in aspirin‑treated group, it was significantly decreased 
with a mean value of 20.9 ± 1.33 and a percentage inhibition 
of 25.35%. Similarly, vildagliptin‑ and saxagliptin‑treated groups 
exhibited significantly decreased mean granuloma dry weight 
with mean values of 23.66 ± 0.7 and 23.58 ± 0.8, respectively, 
and corresponding percentage inhibition of 15.5% and 15.78%, 
respectively [Table 2].

Histopathological studies
The sections of the grass piths when stained with 
hematoxylin and eosin showed abundant fibrous tissue 
in the control group, but revealed reduced number of 
fibroblasts, decreased granulation tissue, collagen content 
and fibrous tissue in aspirin, vildagliptin  and saxagliptin 
treated groups [Figure 2].

Discussion

In the present study, DPP‑4 inhibitors, namely vildagliptin 
and saxagliptin were investigated for their anti‑inflammatory 
effects using acute and subacute models of inflammation in 
male Wistar rats.

The findings of the present study indicate that vildagliptin 
and saxagliptin have significant anti‑inflammatory activity 
comparable to that of aspirin in an acute model of 
inflammation as indicated by carrageenan‑induced rat paw 
edema model. Both vildagliptin and saxagliptin also showed 
significant anti‑inflammatory activity in the subacute model 
of inflammation as indicated by change in weight of cotton 
pellets and decreased granulation tissue induced by grass pith 
implantation in histopathological studies.

Table 1: Effect of various treatments on carrageenan-induced paw edema

Time after 
carrageenan 
injection (h)

Control Aspirin Vildagliptin Saxagliptin ANOVA 
result

Paw edema in 
ml (mean±SEM)

Paw edema in 
ml (mean±SEM)

Percentage 
inhibition (%)

Paw edema in 
ml (mean±SEM)

Percentage 
inhibition (%)

Paw edema in 
ml (mean±SEM)

Percentage 
inhibition (%)

P

½ 1.1±0.02 0.98±0.02** 11 1.08±0.01 1.5 1±0.02* 9 0.0029
1 1.2±0.01 1.1±0.01* 7.6 1.1±0.02** 8.3 1.03±0.02** 14 0.0002
2 1.3±0.02 1.14±0.03** 12.3 1.15±0.01* 11.5 1.12±0.04** 13.8 0.0050
3 1.28±0.06 1.11±0.03* 13.2 1.06±0.03** 17.2 1.07±0.03** 16.4 0.0079
4 1.25±0.02 1.1±0.02** 12 1.09±0.02** 12.8 1.02±0.04** 18.4 0.0003
5 1.15±0.04 1±0.02* 13 0.99±0.05* 14 0.95±0.03** 17.4 0.0095
Post hoc analysis by Dunnett’s test: *P<0.05; **P<0.01. SEM: Standard error of mean; ANOVA: Analysis of variance
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Although saxagliptin is frequently prescribed in patients with 
diabetes mellitus, its anti‑inflammatory potential has not been 
looked into by any studies done in the past which has been 
proven by the present study.

DPP‑4 inhibitors by inhibiting the enzyme responsible for the 
breakdown of GLP‑1 and glucose‑dependent insulinotropic 
peptide (GIP) prolong the half‑life of endogenously released 
GLP‑1 and GIP, leading to enhanced glucose‑dependent 
insulin secretion and decreased glucose‑dependent glucagon 
secretion. DPP‑4 inhibitors effectively improve glycemic 
control (significantly reduce glycated hemoglobin [A1C], 
fasting plasma glucose, and postprandial glucose [PPG]) 
when used as monotherapy, as add‑on to metformin, as 
add‑on to sulfonylureas with or without metformin, as add‑on 
to thiazolidinediones with or without metformin, and as 
an add‑on to insulin with or without metformin.[13] Oral 
DPP‑4 inhibitors, therefore, represent an important addition 
to the oral treatment options currently available for the 
management of T2DM. They offer several advantages over 
conventional therapies and newer GLP‑1 analogs such as being 
orally available, relative freedom from side effects, improved 
postprandial glycemia, and the ability of potentiating the actions 
of GLP‑1 as well as GIP.[14]

DPP‑4 inhibitors have also been found to attenuate the 
progression of atherosclerosis by reducing the levels of 
inflammatory markers such as high‑sensitive C‑reactive protein 
and TNF‑α as well as reducing the lipid peroxide malonyl 
dehydrogenase (MDA) and enhancing glutathione (GSH).[15] 

MDA and GSH have been considered as specific indicators of 
oxidative stress. MDA level can be used as a marker of lipid 
peroxidation and its measurement gives a direct evidence 
for low‑density lipoprotein (LDL) cholesterol oxidation and 
useful in predicting free radical‑induced injury. Vildagliptin by 
significantly reducing aortic MDA level suggests a decrease 
in reactive oxygen species (ROS) and subsequent lipid 
peroxidation.[15] In addition, vildagliptin by enhancing GSH 
levels in aortic tissue maintains an antioxidant reserve, which 
is important for vascular protection against lipid peroxide.[15]

Other effects of these drugs are found to be activation of 
AMP‑activated protein kinase (AMPK)[16] and suppression 
of mitogen‑activated protein kinase (MAPK)[16]. Activation of 
AMPK, an energy sensor ubiquitously expressed in vascular 
cells, has been reported to possess anti‑atherosclerotic 
effects by upregulating the Akt/endothelial nitric oxide 
synthase/nitric oxide (eNOS)/NO signaling pathway, leading 
to the suppression of p38‑mediated nuclear factor‑κB (NF‑κB) 
activation and consequently, suppression of downstream 
inflammatory responses. Suppression of MAPK also has been 
reported to have beneficial effects in atherosclerosis through 
inhibiting adhesion molecules and anti‑inflammation effects.[16]

In a study involving male LDL receptor‑deficient (LDLR−/−) 
mice which were fed a high‑fat diet or normal chow diet 
for 4 weeks and then randomized to vehicle or alogliptin, a 
high‑affinity DPP‑4 inhibitor, it was found that DPP‑4 inhibition 
reduced atherosclerosis and improved vascular function. 
DPP‑4 inhibition resulted in improvements in insulin resistance, 
PPG, inflammatory cytokines, and adipokines in the plasma.[17] 
A reduction in inflammatory monocytes was discernible in the 
adipose tissue, along with improvement in adipocyte area and a 

Table 2: Effect of various treatments on granuloma dry weight

Drug 
treatment

Mean granuloma dry 
weight mg/100 g body 
weight (mean±SEM)

Percentage 
inhibition

Control 28±0.36
Aspirin 20.9±1.33** 25.35
Vildagliptin 23.66±0.7** 15.5
Saxagliptin 23.58±0.8** 15.78
Post hoc analysis by Dunnett’s test: **P<0.01. SEM: Standard error of mean

Figure 2: Photomicrographs of grass pith with granulation tissue. (a) Control 
group; (b) aspirin group; (c) vildagliptin group; (d) saxagliptin. As compared to 
control group; aspirin-, vildagliptin- and saxagliptin-treated groups show reduced 
number of fibroblasts, decreased granulation tissue, collagen content, and fibrous 
tissue (H and E, ×40)

dc

ba

Figure 1: Effect of various treatments on carrageenan-induced rat paw edema
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reduction in visceral adipose content.[17] There was a reduction 
in monocytes in the plaque‑expressing proinflammatory genes. 
These changes suggest potent effects of DPP‑4 inhibitors on 
inflammation, mediated potentially via its effects on monocyte 
recruitment to tissue niches, and alteration of monocyte 
activation, as evidenced by an increase in the markers of 
alternate macrophage activation such as CD163 and Ym‑1 in 
adipose tissue macrophages. Both GLP‑1 (via DPP‑4 inhibition) 
and non GLP‑1 mechanisms may activate phosphatidylinositide 
3‑kinase ‑Akt–eNOS, may improve nitric oxide release, and 
may confer additional benefits. It has been concluded that 
DPP inhibitors have broad pleiotropic effects and hence, these 
agents have a potential role in retarding atherosclerosis and 
related complications in T2DM.[17]

In a trial in which 22 patients with T2DM were randomized 
to receive either 100 mg daily of sitagliptin or placebo for 
12 weeks, glycosylated hemoglobin fell significantly in patients 
treated with sitagliptin. Fasting GLP‑1 concentrations increased 
significantly, whereas the mRNA expression in mononuclear 
cell of CD26, the proinflammatory cytokine TNFα, the 
receptor for endotoxin – toll‑like receptor‑4 (TLR‑4), TLR‑2, 
and proinflammatory kinases‑c‑Jun N‑terminal kinase‑1, 
inhibitory‑κB kinase (IKKβ), and that of the chemokine 
receptor CCR‑2 fell significantly after 12 weeks of sitagliptin. 
TLR‑2, IKKβ, CCR‑2, and CD26 expression and NF‑κB binding 
also fell after a single dose of sitagliptin. There was a fall in the 
protein expression of c‑Jun N‑terminal kinase‑1, IKKβ, and 
TLR‑4 and in plasma concentrations of C‑reactive protein, 
interleukin‑6 (IL‑6), and free fatty acids after 12 weeks of 
sitagliptin.[18]

In an animal model of obese type 2 diabetes, the Zucker diabetic 
fatty (ZDF) rat, sitagliptin prevented β‑cell dysfunction and 
evolution of pancreatic damage. The protective effects afforded 
by this DPP‑4 inhibitor may derive from the improvement 
of metabolic profile and from cytoprotective properties. In 
fact, sitagliptin was able to reduce Bax/Bcl2 ratio, suggestive 
of an antiapoptotic effect, and completely prevented the 
increased pancreas overexpression of IL‑1 beta and tribbles 
pseudokinase 3 that was found in the untreated diabetic 
animals, thus demonstrating an anti‑inflammatory action.[2]

The fructose‑fed hypertensive rats experimental model 
presents metabolic syndrome criteria, vascular and cardiac 
remodeling, and vascular inflammation due to increased 
expression of vascular cell adhesion molecule‑1 and 
pro‑atherogenic cytokines. Administration of vildagliptin 
effectively reduced superoxide production by reducing the 
activity of NAD(P) H oxidase and thiobarbituric acid‑reactive 
substances, and it was also able to normalize the eNOS activity. 
Furthermore, most likely by inhibiting the activity of NAD(P) H 

oxidase, vildagliptin was also able to normalize the endothelial 
oxidative status. Chronic treatment with vildagliptin returned 
the expression levels of proatherogenic cytokines, including 
vascular endothelial growth factor, leptin, tissue inhibitor of 
metalloproteinase‑1, and MCP‑1 to control values. In addition, 
vildagliptin administration significantly reduced macrophage 
inflammatory protein‑3 alpha and TNF‑alpha, demonstrating 
the important role that the incretin system plays in vascular 
inflammation in this experimental model.[19]

Recently, it has been found that systemic insulin resistance 
contributes to dysregulated insulin and metabolic signaling in 
the heart and the development of diastolic dysfunction.[20] In 
addition, insulin resistance which is accompanied with chronic 
low‑grade inflammation contributes to the pathogenesis of 
hypertension and chronic heart failure.[20] Hence, there has 
been increased interest in restoring energy metabolism and 
establishing anti‑inflammatory therapies for heart failure with 
preserved ejection fraction.[20] In a study, isoproterenol‑treated 
rats were used to evaluate whether vildagliptin prevents 
left ventricular (LV) hypertrophy and improves diastolic 
function.[21] Histological analysis showed that vildagliptin 
attenuated the increased cardiomyocyte hypertrophy and 
perivascular fibrosis. These effects were accompanied by the 
amelioration of expression of genes associated with glucose 
uptake and inflammation. In the group which received oral 
vildagliptin along with subcutaneous isoproterenol, quantitative 
polymerase chain reaction showed attenuation of increased 
mRNA expression of IL‑6, insulin‑like growth factor‑l (IGF‑1), 
and restoration of decreased mRNA expression of glucose 
transporter Type 4. It was concluded that vildagliptin may reduce 
inflammation in the heart by reducing the expression of TNF‑α 
and IL‑6 mRNAs in myocardial tissue of isoproterenol‑treated 
rats. Recent evidence has pointed that IGF1 is said to play a 
role in cardiomyocyte hypertrophy. Thus, a change in cytokine 
expression by vildagliptin may contribute to the prevention 
of LV hypertrophy.[21]

Inflammation embraces mechanisms such as oxidative stress, 
neovascularization, apoptosis, and cellular proliferation and has 
been implicated to play an important role in microvascular as 
well as macrovascular complications of diabetes.[22] There is a 
need of experimental work to be done for evaluating drugs 
for their effectiveness in protecting against inflammatory 
processes of diabetic complications. Obesity, Type 2 diabetes, 
and cardiovascular disease seem to share a common metabolic 
milieu characterized by insulin resistance and inflammation. 
The inflammation is mediated by pro‑inflammatory cytokines 
such as TNF‑α, IL‑1, IL‑6, and ROS. In addition to these levels 
of AMPK, MAPK and apoptotic factors seem to be altered 
which also triggers off or worsens the existing inflammation. 
Amelioration in the inflammatory processes can be judged 
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by improvement in the levels of these markers, which is 
demonstrated by DPP4 inhibitors.

Conclusion

The present study suggests that the DPP4 inhibitors, namely 
vildagliptin and saxagliptin have significant anti‑inflammatory 
potential. Based on the findings of the present study 
and the available literature, it can be concluded that the 
anti‑inflammatory potential of DPP 4 inhibitors could help to 
reduce the cardiovascular complications of Type 2 diabetes 
apart from their glucose‑lowering potential. They may also 
provide clinical benefits to a large number of people affected 
by the obesity epidemic and the related cluster of metabolic 
disorders collectively called the metabolic syndrome.
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Background: To determine the phytochemical constituents, antioxidant, and anticancer activ-

ities of Leea indica leaf extracts on DU-145 and PC-3 human prostate cancer cell lines.

Methods: Leaf sample was subjected to Soxhlet extraction method with increasing polarity of

solvents, namely, chloroform, ethyl acetate, methanol, ethanol, and aqueous. Phytochemical

screening was done using different biochemical tests. Quantitative analysis for phenol was

determined by Folin–Ciocalteu reagent method. The antioxidant activity was tested using

2,2-diphenyl-1-picrylhydrazyl, ferric ion reducing power assay, and phosphomolybdenum

assay. In vitro anticancer activity on DU-145 and PC-3 human prostate cancer cell lines was

evaluated by (3-(4, 5-dimethyl thiazole-2yl)-2, 5-diphenyl tetrazolium bromide) MTT assay.

Results: Phytochemical screening confirmed the presence of phyto-constituents like alka-

loids, flavonoids, glycosides, phenols, lignins, saponins, sterols, tannins, anthraquinone,

and reducing sugar. Methanol and ethanol extracts exhibited higher phenolic con-

tent  as compare to aqueous extract. Antioxidant capacities were shown highest

in  methanol and ethanol extracts based on the test performed. The methanol

and  ethanol leaf extracts were found to be selectively cytotoxic in vitro to (DU-

145  and PC-3) prostate cancer cell lines with IC50 values 529.44 ± 42.07 �g/mL and

677.11 ± 37.01 �g/mL for DU-145 and 547.55 ± 33.52 �g/mL and 631.99 ± 50.24 �g/mL for PC-

3  respectively, while it had no cytotoxic effect on normal mice embryo fibroblast cells.
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Conclusion: The results indicate that Leea indica was a promising antioxidant and anticancer

agent for DU-145 and PC-3 human prostate cancer cell lines. However, further studies are

needed to conclude its therapeutic use.

© 2017 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access

article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.  Introduction

Prostate cancer is the most common forms of malignancy in
men, particularly in developed countries where the majority
of cases are diagnosed in men  aged above 50 years.1 Present
treatments options available for prostate cancer includes
surgical treatment, hormone therapy, radiation therapy, and
chemotherapy; these treatments have shown improvement
in patients but generally ends up with adverse and toxic side
effects.2 There has also been a wide use of dietary supple-
ments such as vitamin E, selenium, soy products, lycopene,
and green tea catechin in the treatment of prostate cancer.3–5

Evidence from the World Health Organization, states that
about 65% of the population across the globe prefer to use
traditional and herbal medicines to treat disease.6 The use
of complementary alternative medicines has dramatically
increased in India along with USA, in the last 2 decades.7

Approximately 60% of anticancer agents are derived from
medicinal plants and other natural resources; however, there
are still a number of plants that have an anticancer poten-
tial but they have not yet been fully investigated.8 Thus, the
alternate solution for the harmful effects of synthetic drugs is
the use of complementary alternative medicines as very few
studies have been reported on the use of herbal medicine in
treatment of prostate cancer.9

Leea indica (Burm.f.) Merr (Leeaceae), is a large evergreen
shrub native to tropical India, Bangladesh, China, Bhutan, and
Malaysia.10 The leaves are claimed to have medicinal values
such as anticancer, antidiabetic, antidiarrheal, antidysenteric,
and antispasmodic based on folktale practices.11 However,
this plant has not been studied for anticancer activity on
prostate cancer and there are very few available studies on
antioxidant properties of this plant. Thus, we  have made
an attempt to use this herbal plant to check the efficacy
against prostate cancer cell lines. The present study was
aimed to evaluate preliminary phytochemical, in vitro antiox-
idant properties, and in vitro anticancer potential activities
against DU-145 and PC-3 human prostate cancer cell lines.

2.  Methods

2.1.  Collection  and  authentication  of  plant  part

L. indica plant was collected from Dandeli in Western Ghats
of North Karnataka region in April 2015. The plant was iden-
tified and authenticated by Dr K. Kotresha, Department of
Botany, Karnataka Science College, Dharwad, Karnataka. A
voucher specimen was deposited in the Department of Botany,
Karnataka Science College, Dharwad, Karnataka. Fresh plant

material was washed with water, air dried, and then blended
to a fine powder. The powder was stored in airtight containers
at 4 ◦C for further use.

2.2.  Preparation  of  plant  materials

About 100-g dried leaves were crudely powdered and sub-
jected to extraction by a Soxhlet extractor. The extraction was
done with different solvents in their increasing order of polar-
ity such as chloroform, ethyl acetate, methanol, ethanol, and
aqueous. Each time fresh plant material was taken and later
extracted with other solvents. All the extracts were concen-
trated by a rotary vacuum evaporator and the left-over solvent
was evaporated to dryness using a water bath.

2.3.  Phytochemical  analysis

The crude powder of L. indica was extracted using water
and different organic solvents to ensure obtaining polar
and nonpolar constituents. Qualitatively tested for differ-
ent phytochemical constituents namely alkaloids, flavonoids,
glycosides, phenols, lignins, saponins, sterols, tannins,
anthraquinones, and reducing sugar by following the standard
procedure of Deepti et al.12

2.4.  Estimation  of  total  phenolic  content

The total phenolic content of L. indica was determined using
the Folin–Ciocalteu reagent method of Wolfe et al,13 with slight
modification. A volume of 200 �L of extract is mixed with an
equal volume of Folin–Ciocalteu reagent and incubated for
10 minutes. Then, 1.25 mL  of aqueous sodium carbonate is
added and the reaction mixture is incubated for 90 minutes
at 37

◦
C after addition of 1-mL distilled water. The absorbance

of the blue color was read at 760 nm spectrophotometrically
using distilled water as a blank. Gallic acid is used as standard
and the total phenolic content was expressed as mg/g gallic
acid equivalent (GAE).

2.5.  Determination  of  antioxidant  activity  by  using
in vitro  methods

2.5.1.  Ferric  ion  reducing  antioxidant  power  assay
Ferric reducing/antioxidant power (FRAP) assay was used to
measure the total antioxidant power of the extracts. Antioxi-
dant activity assays were performed by the method described
by Benzie and Strain14 with a slight modification. Methanol,
ethanol, and aqueous extract of L. indica in different concen-
trations ranging from 100 �L to 500 �L were mixed with 2.5 mL
of 0.2 mM phosphate buffer (pH 7.4) and 2.5 mL  of potassium
ferricyanide [1% weight/volume (W/V)]. The resulting mixture
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is incubated at 50
◦
C for 20 minutes, followed by the addition

of 2.5 mL  of trichloroacetic acid (10% W/V) and centrifuged at
3000 rpm for 10 minutes. Then, 2.5 mL of distilled water was
added and later 0.5 mL of ferrous chloride (0.1% W/V). Finally,
the absorbance was measured at 700 nm.  Ascorbic acid was
used as positive reference standard.

2.5.2.  Phosphomolybdenum  assay
The total antioxidant activity was estimated by phospho-
molybdenum (PM) assay using the standard procedure of
Prieto et al.15 Methanol, ethanol, and aqueous extract of L.
indica in different concentration ranging from 100 �L to 500 �L
were added to each test tube individually containing 3 mL of
distilled water and 1 mL  of molybdate reagent solution. These
tubes were kept incubated at 95 ◦C for 90 minutes. After incu-
bation, they are kept at room temperature for 20–30 minutes
and the absorbance was measured at 695 nm.  Ascorbic acid
was used as the reference standard.

2.5.3.  2,  2-Diphenyl-1-picrylhydrazyl  radical  scavenging
ability assay
Free radical scavenging effect of L. indica leaf extract was
determined using the stable scavenger 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) with slight modifications of the method
described by Brand-Williams et al.16 Briefly, the concentra-
tions (100–500 �L) of extracts were prepared in ethanol. DPPH
solution (0.004%) was prepared in ethanol and 1 ml  of this solu-
tion was mixed with the same volume of methanol, ethanol,
and aqueous leaf extracts and standard ascorbic acid solu-
tion separately. The mixture was incubated for 30 minutes in
the dark at room temperature and the absorbance was mea-
sured at 517 nm.  The degree of DPPH purple decolorization to
DPPH yellow indicated the scavenging efficiency of the extract.
Lower absorbance of the reaction mixture indicated higher
free radical-scavenging activity.

The scavenging activity against DPPH was calculated using
the equation:

DPPH scavenging activity (%)=
Ac − At

Ac
× 100

where Ac is the absorbance of the control reaction (1 ml  of
ethanol with 1 ml  of DPPH solution), and At is the absorbance
of the test sample. The results were analyzed in triplicate. The
IC50 value is the concentration of sample required to inhibit
50% of the DPPH free radical.

2.6.  Culturing  of  cell  lines

The cell lines DU-145, PC-3, and MEF-L929 were procured
from the National Centre for Cell Science, Pune, India.
The cells were subcultured in Dulbecco modified eagle
medium supplemented with 10% fetal bovine serum, 1%
penicillin–streptomycin, 1% nonessential amino acids in tis-
sue culture flasks, and incubated in a CO2 incubator in a 5%
CO2 and 95% humidity atmosphere. After trypsinization, the
cell count was done and the cell viability was tested by trypan
blue using a hemocytometer. A known number of cells (2 × 103

cell/well in 100 �l of medium) were seeded into 96-well plates
respectively for carrying out a MTT  assay.

2.7.  Treatment  groups

DU-145, PC-3, and MEF-L929 cell lines were treated with L.
indica leaf methanol, ethanol, and aqueous extract (5 mg/mL).
Desired concentrations of test compounds were prepared
in di-methyl sulfoxide prior to the experiment. The reac-
tant mixtures were diluted with media and cells were
treated with different concentration ranges of the extract
(3.125–200 �g/mL) and incubated for 72 hours, respectively,
which was the optimal treatment time of the extracts in each
of the cell lines. The effect induced was also compared with
the standard drugs used, namely, paclitaxel for moderately
(DU-145) and highly metastatic (PC-3) prostate cancer cell
lines. The following treatment groups are set up of the study.
Negative control: cells alone. Positive control: cells + paclitaxel.
Test groups: cells + methanol extract; cells + ethanol extract;
and cells + aqueous extract. The same treatment group was
followed for mice embryo fibroblast (MEF-L929) normal cell
lines.

2.8.  MTT  cell  viability  assays

After 72 hours, the media of treated cells (100 �L), were
removed and the cell culture were incubated with 50 �L of
MTT  at 37 ◦C for 4 hours. After incubation, the formazan pro-
duced was then solubilized by the addition of 100 �L di-methyl
sulfoxide. The suspension was placed on a microvibrator for
5 minutes and then the absorbance was recorded at 540 nm
by an enzyme-linked immunosorbent assay reader and the
results were analyzed in triplicate and the percentage was
calculated.17

2.9.  Statistical  analysis

The results were expressed as mean ± standard deviation.
Descriptive statistics was used to analyze the mean, stan-
dard deviation, variation, and level of statistical significance
between groups. When p < 0.05 and p < 0.01, it was considered
statistically significant for analysis of percent inhibition of cell
growth.

3.  Results

3.1.  Total  yield  of  crude  extract

The total yield of crude extracts from L. indica leaves by using
the solvents, namely, chloroform, ethyl acetate, methanol,
ethanol, and aqueous were 12.8 g, 12.48 g, 17.12 g, 16.52 g, and
18.64 g (weight/weight), respectively, with reference to the air-
dried plant material.

3.2.  Phytochemical  analysis

Preliminary screening of L. indica extracts (chloroform, ethyl
acetate, methanol, ethanol, and aqueous) showed the pres-
ence of diversity of phytochemical constituents. The presence
of alkaloids was detected in methanol and aqueous extract,
flavonoids were present in methanol, ethanol, and aqueous
extracts, the presence of glycosides was shown in all five
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Table 1 – Preliminary phytochemical screening of Leea indica leaves extracts.

Constituent Test Chloroform Ethyl acetate Methanol Ethanol Aqueous

Alkaloids Iodine – – – – –
Wagner’s – – + – ++
Dragendroff’s – – + – ++

Flavonoids Pew’s – – + + +
Shinoda – – ++ + ++
NaOH – – – + –

Glycosides Keller-Killani + ++ ++ ++ +
Glycosides – + – – –
Conc. H2SO4 – ++ ++ ++ ++
Molisch ++ ++ ++ ++ ++

Phenols Ellagic acid – – ++ ++ ++
Phenol – – ++ ++ ++

Lignins Labat + ++ – – –
Saponins Foam test – – – + +
Sterols Salkowski’s + – + ++ –
Tannins Gelatine – – ++ + ++

Lead acetate – + ++ ++ ++
Anthraquinone Bomtrager’s test – – – ++ +
Phlobatannins – – + + ++
Reducing sugar – + ++ ++ ++
Volatile oil – – – – –

–, absent; +, moderately present; ++, high presence.

solvents, phenols were detected in methanol, ethanol, and
aqueous extracts, lignins were present in chloroform and ethyl
acetate extract, saponins were present in methanol and aque-
ous extracts, sterols in methanol and aqueous, tannins in ethyl
acetate, methanol, ethanol, and aqueous, anthraquinone in
ethanol and aqueous, phlobatannins and reducing sugar in
methanol, ethanol, and aqueous extracts, and volatile oil was
absent in all five solvents (Table 1).

3.3.  Total  phenol  content

In the present study, total phenolic content of differ-
ent extracts of leaves of L. indica was determined by the
Folin–Ciocalteu reagent method and expressed as GAE/g
of plant extracts. Methanol extract exhibited the maxi-
mum amount of phenolic content among the extracts, i.e.,
(65.20 ± 0.15) mg/g GAE followed by (60.97 ± 0.23) mg/g GAE in
ethanol extract, (53.04 ± 0.15) mg/g GAE in aqueous extract,
and (84.59±  0.52) mg/g GAE in standard gallic acid. All the
calculations were made using the r2 values from the graphs.

3.4.  FRAP  assay

In the present study, the presence of antioxidants in the sam-
ple would result in the reduction of ferri cyanide Fe3+ to
ferro cyanide Fe2+ by donating an electron. Methanol, ethanol,
and aqueous extracts were subjected to FRAP assay along
with standard ascorbic acid. In the results obtained, methanol
extract showed higher activity than aqueous followed by
ethanol extract which was comparable to standard ascorbic
acid (Fig. 1).

3.5.  PM  assay

In the present study, methanol, ethanol, and aqueous extracts
were subjected to PM assay along with standard ascorbic acid.

Methanol extract showed the highest activity among ethanol
and aqueous extract and standard ascorbic acid (Fig. 2).

3.6.  DPPH  assay

In the present study, the different concentrations of methanol,
ethanol, and aqueous extract of leaves of L. indica were sub-
jected to DPPH free radical scavenging assay. The antioxidant
capacity of the extract was compared with ascorbic acid as
the standard antioxidant. Methanol extract exhibited higher
antioxidant activity than the ethanol and aqueous extract
(Table 2).

3.7.  Effect  of  L.  indica  leaf  methanol,  ethanol,  and
aqueous  extracts  on  DU-145  and  PC-3  prostate  cancer
cells lines

The result of MTT  assays revealed that the methanol and
ethanol extract of L. indica leaves decreased the percent via-
bility of all the cells but to different extent. Methanol and
ethanol extract was found to induce more  cytotoxicity towards
cancer cell lines DU-145 and PC-3 (Fig. 3A and 3B). All the
three extracts showed no cytotoxic effect towards noncancer-
ous normal mice embryo fibroblast (MEF-L929) cell line. The
effect induced by the extracts is also similar to that of the
standard chemotherapeutic drugs such as paclitaxel, which is
commonly used in the treatment of prostate cancer. The com-
bination of the extracts along with the standard drugs also
induced more  cytotoxicity in cancerous cells. These results
revealed morphological changes and shrinkage of cells lead-
ing to cell death induced by the extracts in the prostate cancer
cell lines (Fig. 4A–C). The IC50 values of methanol, ethanol, and
aqueous extracts of L. indica against (DU-145 and PC-3) prostate
cancer cell lines are represented in (Table 3).
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Fig. 1 – Ferric reducing/antioxidant power assay for extracts of Leea indica.
Data is presented as mean standard error of the mean (n = 3). Statistical significance was assessed using one-way as
compared with standard.
*p < 0.05.

Fig. 2 – Phosphomolybdenum assay for extracts of Leea indica.
Data is presented as mean standard error of the mean (n = 3). Statistical significance was assessed using one-way as
compared to standard group.
*p < 0.05.
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Table 2 – Determination of percentage inhibition of 2, 2-diphenyl-1-picrylhydrazyl radical scavenging activity of Leea indica
(%).

Concentration (mg) Percentage of inhibition

Methanol Ethanol Aqueous Standard: ascorbic acid

100 57.11 ± 0.43 43.87 ± 0.16 33.76 ± 0.14 62.45 ± 0.17
200 64.15 ± 0.49 45.05 ± 0.21 44.06 ± 0.18 66.96 ± 0.25
300 73.24 ± 0.29 67.75 ± 0.29 62.05 ± 0.32 75.03 ± 0.19
400 78.16 ± 0.15 70.84 ± 0.12 73.69 ± 0.11 82.15 ± 0.14
500 82.86 ± 0.25 80.01 ± 0.33 77.40 ± 0.12 90.78 ± 0.12

The values presented are mean ± standard deviation, n = 3. Results were analyzed using descriptive statistics.

Fig. 3 – (A) Cytotoxicity of Leea indica methanol, ethanol, aqueous leaf extracts, and standard drug on DU-145 prostate
cancer cell lines. (B) Cytotoxicity of Leea indica methanol, ethanol, aqueous leaf extracts, and standard drug on PC-3 prostate
cancer cell lines.
Data is presented as mean standard error of the mean (n = 3). Statistical significance was assessed using one-way as
compared to the control group and standard.
*p < 0.05.
**  p < 0.01.

Table 3 – IC50 values of cell proliferation inhibition of Leea indica extracts (�g/mL).

Cells Methanol Ethanol Aqueous

DU-145 529.44 ± 42.07 677.11 ± 37.01 875.22 ± 38.53
PC-3 547.55 ± 33.52 631.99 ± 50.24 987.88 ± 50.06
Standard: paclitaxel 0.3 �M/mL

The values presented are mean ± standard deviation, n = 3. Results were analyzed using descriptive statistics.

4.  Discussion

In recent years, the use of herbal medicines in cancer treat-
ment has received increasing attention due to their varied
phyto-metabolic contents with multiple biological activities.18

The plant collected from Western Ghats was identified accord-
ing to their taxonomical characters as L. indica and analyzed
for the presence of phytochemicals with five solvent extracts.
Preliminary phytochemical analysis revealed the presences of
secondary metabolites in the selected extracts of the plant.
These secondary metabolites are reported to have many

biological and therapeutic properties.19 Phyto-constituents
were quantified by different biochemical tests. Phenols and
flavonoids were detected in methanol, ethanol, and aque-
ous extract only, whereas alkaloid was present in methanol
and aqueous extracts. The presence of glycosides was shown
in all five solvents, and tannins in ethyl acetate, methanol,
ethanol, and aqueous (Table 1). The studied phytochemicals
in leaves of L. indica extracts are pharmaceutically important.
Among the different phytochemicals, phenolic compounds
have gained attention of different areas of applications such as
pharmaceutical, health, food, and cosmetic industries. These
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Fig. 4 – (A) Morphological changes showing inhibition of DU-145 prostate cancer cell lines, whereas no inhibition was
observed on MEF-L929 normal cell line for 72 hours. (B) Morphological changes showing inhibition of PC-3 prostate cancer
cell lines, whereas no inhibition was observed on MEF-L929 normal cell line for 72 hours. (C) Morphological changes of
standard drug paclitaxel on DU-145 and PC-3 prostate cancer cell lines.
BL, membrane blebbing (magnification for DU-145 was 20 × and PC-3 was 40 × ); CS Cellular shrinkage.
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compounds are widespread in the plant kingdom as part of
our daily diet and are attractive as natural antioxidants.20,21 In
this study, the phenolic content was studied in L. indica where
in the methanol extract exhibited the highest total phenolic
content (65.20 ± 0.15 mg/g GAE) followed by the ethanol extract
(60.97 ± 0.23) mg/g GAE.

Reactive oxygen species are thought to play an important
role in many  human diseases. Radical scavenging activities are
very essential due to the toxic role of free radicals in biological
systems. Many  secondary metabolites like phenols, polyphe-
nols, and flavonoids serve as sources of antioxidants and
perform scavenging activity.22 Reactive oxygen species read-
ily combine and oxidize biomolecules such as carbohydrates,
proteins, and lipids and thus making them indolent with sub-
sequent damage to cells, tissues, and organs leading to cancer
progression.23,24 In the present work, three methods were
used to evaluate the total antioxidant capacity of methanol,
ethanol, and aqueous extracts (FRAP, PM,  and DPPH). The ferric
ion-reducing antioxidant power assay of the extract may serve
as a significant indicator of its potential antioxidant activity.
The presence of antioxidants, which have been shown to be an
impart antioxidant action by breaking the free radical chain by
donating a hydrogen molecule.25 The presence of antioxidants
in the extract would result in the reduction of ferri cyanide
Fe3+ to ferro cyanide Fe2+ by donating an electron which was
measured spectrophotometrically at 700 nm.  In this assay, the
yellow color of the test solution changes to various shades
of green and blue, depending on the reducing power of plant
extract. The reducing power increased with the increase in
the extract concentrations. This may be served as significant
indicator of its potential antioxidant activity. Hence, this study
presumed that the methanol extract of L. indica may have a
high amount of antioxidant properties which was comparable
to that of the synthetic antioxidant standard used (Fig. 1).

The total antioxidant activity of the sample was ana-
lyzed by the PM method. It is calorimetric quantitative
method which measures the reduction of Phosphate-Mo (VI)
to Phosphate-Mo (V) by the sample and subsequent forma-
tion of a bluish green colored Phosphate-Mo (V) complex.15

It helps to examine the reduction rate among the antioxi-
dant and molybdenum ligand. In the present study methanol
extract exhibited higher absorbance than ethanol and aque-
ous extract (0.818 ± 0.001; Fig. 2).

DPPH is stable nitrogen centered free radical which is
conventionally used to determined free radical scavenging
activities of antioxidants present in plant extract or synthetic
compound.26,27 The reduction capability of DPPH radical is
determined by the decrease in absorbance at 517 nm induced
by the antioxidant. In the present study, the antioxidant activ-
ity of L. indica was evaluated using methanol, ethanol, and
aqueous extract of the plant and was compared with stan-
dard ascorbic acid. The experimental data revealed that the
extracts are likely to have the properties of scavenging free
radicals with methanol extract showing higher antioxidant
capacity (Table 2).

The evaluation of the anticancer activity of plant extracts
is essential for safe treatment. It enables identification of
the intrinsic toxicity of the plant and the effects of acute
overdose.28,29 The MTT  assay is used in screening the crude
extracts as well as in the isolated compounds to assess the tox-

icity. It could also provide an indication of possible cytotoxic
properties of the tested plant extracts. MTT assay is based on
the reduction of MTT by mitochondrial dehydrogenase by pur-
ple formazan product. It is frequently used as an in vitro model
system to measure cytotoxic effects of variety of toxic sub-
stances and plant extracts against cancer cell lines.30 In vitro
cytotoxicity test using DU-145 and PC-3 prostate cancer cell
lines was performed to screen potentially toxic compounds
that affect basic cellular functions and morphology. The three
extracts (methanol, ethanol, and aqueous) of L. indica showed
in vitro growth inhibition effects on the two cancer cell lines
(DU-145 and PC-3), while there was no effect on the growth
of normal cells (MEF-L929). Such selective effects were con-
centration as well as, incubation time period dependent. With
respect to concentration (3.125 �g/mL, 6.25 �g/mL, 12.5 �g/mL,
25 �g/mL, 50 �g/mL, 100 �g/mL, 200 �g/mL) of each extract
were evaluated in triplicates by serial dilution. Among these
seven concentrations, 200 �g/mL of methanol and ethanol
extract was the most effective in producing percentage growth
inhibition. The aqueous extract showed less effect throughout
the range of tested concentrations in DU-145 and PC-3 prostate
cancer cell lines for a single time point of 72 hours. However,
the standard paclitaxel drug showing significant inhibition on
the cancer cell lines (Fig. 3A and 3B). The results showed that
methanol extract significantly inhibited the (DU-145 and PC-
3) cell lines and was the most potent extract with IC50 value
529.44 ± 42.07 �g/mL for DU-145 and 547.55 ± 33.52 �g/mL for
PC-3 followed by ethanol (Table 3). The results also confirmed
the differential effect induced by the extracts and standard
drug in cancerous and normal cells (Fig. 4A–C). Therefore, the
inhibition of cell growth by L. indica extracts might be due to
the power of the solvent in surpassing effect of several bioac-
tive constituents, the presences of phenolic compounds like
gallic acid and other antioxidant agents that are present in L.
indica.31,32

In conclusion, it was observed that the plant L. indica con-
tains a wide variety of secondary metabolites that hold strong
antioxidant capacity based on the experiments performed
which add scientific evidence to conduct further studies,
investigate the lead compounds present in the plant, evalu-
ate its anticancer potential on in vivo animal models and put
forward an attempt to carry out trails on human beings.
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Abstract:  

Background: Unexplained physical symptoms are reported to be common in pediatric 

population, and are associated with excessive medical resource use, poor quality of life 

and long term psychiatric complications. Researches focusing on such children are 

sparse. Aims: This study was done with the aim to assess the sociodemographic and 

clinical characteristics of children who were referred to psychiatry department for 

assessment of unexplained physical symptoms. Methods: A retrospective chart analysis 

of all children and adolescents below 19 years of age, referred to psychiatry for 

evaluation of unexplained physical symptoms, from January 2010 to December 2015 was 

done. Data collected and statistical analysis done. Results: Sixty children and adolescents 

were included in the study. Mean age of the sample was 12.44(±3.21) years, with slight 

male predominance (58.33%).Most common complaints were headache (26.66%), 

followed by loss of consciousness (18.33%) and other body aches (15%). Mean number 

of symptoms per subject was 1.5. Most common psychiatric diagnoses were somatoform  
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and dissociative disorders (48.33%), followed by depressive disorder (11.67%). 

Pharmacotherapy was started in significantly more number of girls compared to boys 

(84% v/s48.57%). Conclusion: Majority of subjects referred for evaluation of 

unexplained somatic symptoms were adolescent males. Abnormal body movements, head 

ache, and other body aches were the commonest presenting complaints. Somatoform and 

dissociative disorders, depressive disorders were the commonest psychiatric diagnoses. 

Key words: Unexplained physical symptoms, Pediatric somatoform disorder, Pediatric 

liaison psychiatry, General hospital psychiatry. 

Introduction 

Unexplained physical symptoms also known as functional somatic symptoms are 

common in pediatric population [1].Children with functional somatic symptoms often are 

first seen by general practitioner or a pediatrician. They are referred to mental health 

professionals late in the course of illness, often leading to excessive, unnecessary 

investigations and overuse of medical services [2]. According to one estimation, about 

20% of pediatric visits to primary care are because of unexplained somatic symptoms and 

about 47% of the patients referred to pediatric specialist have functional somatic 

symptoms [3]. 

According to the literature available, children with functional somatic symptoms often 

utilize more medical resources, report more school absenteeism, poor functioning and 

quality of life [4]. Psychiatric comorbidies are very common in these children [5]. Data  

also suggests that children with functional somatic symptoms continue to have 

psychiatric morbidities even in adolescence [6]. 
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Data on unexplained physical symptoms in children is sparse and also there are very few 

studies from India. We took up this study with the aim to assess the sociodemographic 

and clinical characteristics of children and adolescents who were referred to psychiatry 

department for assessment of unexplained physical symptoms.  

Materials and methods 

Study was carried out in a tertiary care super-specialty teaching hospital of a south Indian 

city. We conducted a retrospective review. Case files of all children and adolescents 

(mentioned simply as “children” hereafter unless specified) referred to Psychiatry OPD 

for assessment of unexplained physical symptoms, for a period of five years from 1st 

January 2010 to 31st December 2015 were analyzed. Socio-demographic and clinical 

details were collected using a semi structured proforma. Data was tabulated and 

appropriate statistical tests were applied using Epi Info-7 software. 

Results  

A total of 232 children and adolescents were referred during this period. Out of them, 

sixty children were referred for the evaluation of unexplained physical symptoms, which 

formed the sample of our study. 

Mean age of the sample was 12.44(±3.21) years, with male sex being slightly 

predominant (58.33%). About half of the subjects (53.33%) were referred from the 

department of neurosciences, comprising of neuro-medicine, neurosurgery and pediatric 

neurology. Next most common source of referrals were department of pediatrics 

(28.33%). (Table no.1).  
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Majority (83%) of these subjects had not received any medical/surgical diagnosis. Four 

(6.67%), children had comorbid seizure disorder and other 6 (10%) had various other 

comorbidities. On an average, each subject had 1.5 unexplained medical symptoms. Most 

common complaints were headache (26.66%), followed by loss of consciousness 

(18.33%) and other body aches (15%) (Table no.1).  

Most common psychiatric diagnoses were somatoform and dissociative disorders 

(48.33%), followed by depressive disorder (11.67%), tic disorder (11.67%) and anxiety 

disorders (8.33%). Almost equal number of subjects received pharmacotherapy (51.67%) 

and non-pharmacotherapy (49.33%) (Table no.1).  

We further made comparisons between boys and girls (Table no.2) and between children 

and adolescents (Table no.3). The only statistically significant difference observed was 

that, significantly large number of girls (84%) were started on pharmacotherapy 

compared to boys (48.57%). 
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Discussion  

In this study, out of 232 children referred to psychiatry, 60 were for evaluation of 

unexplained physical symptoms, which is about 25.82% of all referred children. Similar 

figures (20.5%) were reported by Mullick (2002) in his clinical study [7], suggesting high  
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prevalence of functional somatic symptoms in clinical population. 

Mean age of our sample was 12.44 (±3.41) years. A Similar findings were reported by 

available studies from Indian subcontinent and elsewhere [7-9]. Adolescents being more 

communicative than children may be a reason for this age distribution. Slight male 

predominance (58.33%) was observed in our study, a finding similar to the data from 

Indian subcontinent [7, 10], but different from western data (only 29% were males in a 

study by Coffelt et al) [9], including the large epidemiological Copenhagen study [11], 

Socio-cultural differences in help seeking may be the reason for this discrepancy.  

About half (58.33%) of these children were referred from the Neuroscience departments 

(Neurology, Neurosurgery and Pediatric Neurology). This may be  because, many 

psychiatric problems such as pseudo seizures, dissociative motor disorders, and sensory 

disorders resemble neurological disorders. Literature states that about 15% of the patients 

seen by neurologist have no physical base for their symptoms and in another 15%, the 

symptoms are out of proportion to the cause [12, 13]. The next major other source of 

referral was the department of pediatrics (28.33%), which is understandable considering 

the pediatric sample of this study. These findings also reflect the pathway of care for such 

symptoms. Given the obvious physical nature of these symptoms, stigma associated with 

psychiatric consultations and lack awareness about psychiatric illness in general may be 

the reasons why these children usually visit a pediatrician first. This further indicates the 

need for sensitization of non-psychiatric physicians about the prompt identification and 

timely referral of such children.  
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Mean number of symptoms in our study (1.5) was much smaller compared to the other 

prospective studies on unexplained physical symptoms in children. Mullick  has reported 

a mean of 14.21 symptoms [7], and Konijenberg et al have reported a mean of 8.4 

symptoms in boys and 10.7 symptoms in girls [14]. The striking differences in the 

findings are due to the retrospective nature of our study and the clinicians might have not 

made extensive efforts to explore all somatic symptoms. Another reason may be that, no 

structured tool were used to assess functional somatic symptoms (Konijenberg et al. [14] 

have used Children Somatic Inventory). These findings imply that a number of somatic 

symptoms may go undetected if an extensive work up is not done looking for all possible 

somatic symptoms.  

About 11.67% and 8.33% of these children were diagnosed with depressive and anxiety 

disorders respectively.  Depressive and anxiety symptoms are known to commonly co-

occur functional somatic symptoms (FSS) and in fact FSS are a common reason for 

depressed adolescent to seek treatment [5].  In a study, 86% of depressed youth reported 

at least one FSS [15].  Some researchers have reported that the likelihood of comorbid 

anxiety and depression increases with the number of FSS and also pediatric anxiety and 

depressive symptoms are associated with heightened likelihood of multiple FSS in later 

life. They have also questioned the existing nosology that classifies anxiety and 

depressive syndromes as different from somatic syndromes and, have argued that there is 

a strong reciprocal association between them. These findings imply that, the clinicians 

should actively look for unrecognized anxiety and depression in children with FSS in 

general medical setting [5]. 
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Almost equal number of subjects received pharmacological (51.67%) and non-

pharmacological (49.33%) therapy. Benzodiazepines (28.33%) and Selective serotonin 

reuptake inhibitors (21.7%) were the commonest groups of drugs used. Although there 

are no strong evidences suggesting use of psychotropic medications in functional pain 

symptoms, clinicians often use antidepressants based on the experience from adult 

patients [16]. High proportion of dissociative symptoms in this sample may be the reason 

for benzodiazepine prescription and presence of depressive and anxiety symptoms may 

be the reason for frequent prescription of SSRIs. Relatively high reliance on 

pharmacotherapy may also be because of the fact that, the Indian patients (parents in this 

case) expect therapist to follow a medical model and less receptive for non-

pharmacological intervention [17]. 

We further divided the sample and made comparisons like boys v/s girls (table no.3) and 

children v/s adolescents (table no.4). These comparisons did not reveal any statistically 

significant differences in terms of demographic variables and clinical presentation, and 

diagnoses, except that more number of girls received pharmacotherapy than the boys. 

This may be because symptoms in girls may be more severe than boys. Existing literature 

also suggests that girls present with more number of symptoms than boys [18].  

The study findings should be interpreted with the following limitations in the mind, that 

this is a retrospective study with no standard screening or diagnostic tool used to assess 

the functional somatic symptoms. Relatively small sample size also is a limitation of this 

study. Nevertheless, this is one of the earliest efforts to study the children referred to 

psychiatry for unexplained physical symptoms in Indian context.  
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Conclusions  

Evaluation of unexplained physical symptoms was the reason for psychiatric referral in 

about a quarter of children referred to psychiatry. Adolescent males formed the majority 

of the sample. Neurosciences departments and department of pediatrics were the 

commonest sources of referral. Abnormal body movements, head ache, and other body 

aches were the commonest presenting complaints. Majority of these children had not 

received any medical/surgical diagnoses. Somatoform and dissociative disorders, 

depressive disorders and anxiety disorders were the commonest psychiatric diagnoses.  
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Abstract

Background: Preterm birth (PTB) remains the leading cause of neonatal mortality and long term disability
throughout the world. Though complex in its origins, a growing body of evidence suggests that first trimester
administration of low dose aspirin (LDA) may substantially reduce the rate of PTB.

Methods: Hypothesis: LDA initiated in the first trimester reduces the risk of preterm birth.
Study Design Type: Prospective randomized, placebo-controlled, double-blinded multi-national clinical trial
conducted in seven low and middle income countries. Trial will be individually randomized with one-to-one ratio
(intervention/control)
Population: Nulliparous women between the ages of 14 and 40, with a singleton pregnancy between 6 0/7 weeks
and 13 6/7 weeks gestational age (GA) confirmed by ultrasound prior to enrollment, no more than two previous
first trimester pregnancy losses, and no contraindications to aspirin.
Intervention: Daily administration of low dose (81 mg) aspirin, initiated between 6 0/7 weeks and 13 6/7 weeks GA
and continued to 36 0/7 weeks GA, compared to an identical appearing placebo. Compliance and outcomes will
be assessed biweekly.

Outcomes: Primary outcome: Incidence of PTB (birth prior to 37 0/7 weeks GA).
Secondary outcomes Incidence of preeclampsia/eclampsia, small for gestational age and perinatal mortality.

Discussion: This study is unique as it will examine the impact of LDA early in pregnancy in low-middle income
countries with preterm birth as a primary outcome. The importance of developing low-cost, high impact
interventions in low-middle income countries is magnified as they are often unable to bear the financial costs of
treating illness.

Trial registration: ClinicalTrials.gov identifier: NCT02409680 Date: March 30, 2015

Keywords: Prematurity, Preterm birth, Low dose Aspirin

* Correspondence: ngoco@rti.org
3RTI International, 3040 E. Cornwallis Road, Research Triangle Park, NC, USA
Full list of author information is available at the end of the article

© The Author(s). 2017 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.

Hoffman et al. BMC Pregnancy and Childbirth  (2017) 17:135 
DOI 10.1186/s12884-017-1312-x

http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-017-1312-x&domain=pdf
https://clinicaltrials.gov/ct2/show/NCT02409680
mailto:ngoco@rti.org
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Preterm delivery, defined as delivery prior to 37 weeks 0/
7 days gestation, remains the dominant cause of neonatal
morbidity and mortality throughout the world [1–3] and
directly leads to 28% of neonatal deaths within the first
seven days of life [4]. Moreover it is responsible for up to
50% of pediatric neurodevelopmental disorders [5]. Infants
born prematurely are also at increased risk for long term
medical complications such as respiratory, gastrointes-
tinal, cardiovascular, metabolic, and neurodevelopmental
disorders [6, 7].
The risk of preterm birth is highest in low-middle in-

come countries where an estimated 12% of births are
preterm compared to 5-7% in high-income countries [8].
Of the near 13 million preterm births worldwide in
2005, 11 million were in Africa and Asia [9]. Given the
tremendous medical, financial and emotional burden of
preterm birth in the developing world and the limited
resources to provide neonatal care, any interventions
with the potential to reduce the rate of preterm birth de-
serve consideration. An ideal intervention to reduce pre-
term birth would be one that is widely available,
inexpensive, and safe for the mother and fetus. Low dose
aspirin (LDA) may be just such an intervention.[6, 7]

Biology of aspirin in pregnancy
Aspirin is best known for its analgesic properties; however,
it is well documented that aspirin is an anti-inflammatory
and potent inhibitor of platelet aggregation, contributing to
its anti-thrombotic effects. Both inflammation and throm-
bosis are implicated in pathways responsible for many cases
of preterm birth, preeclampsia and fetal growth restriction.
The primary biologic effects of aspirin are mediated by in-
hibition of the enzyme cyclooxygenase (Cox) [10–12], which
produces substances known to be involved in the defined
pathways of spontaneous preterm birth and placental dys-
function (preeclampsia/growth restriction/stillbirth) [13]. By
decreasing these mediators and in turn decreasing inflam-
mation and placental dysfunction due to thrombosis, aspirin
may reduce the rates of the major obstetrical complications
of preterm birth, preeclampsia and growth restriction.
The time frame in which LDA is initiated appears to be

important. Biologically it has been demonstrated that the
process of preterm birth in many cases begins prior to
16 weeks [13]. Likewise, placental invasion of the maternal
decidua occurs in the first trimester and underlies the
pathologic processes of preeclampsia and pathologic
growth restriction. Thus, aspirin may be maximally effect-
ive if initiated in the first trimester. Indeed, this is supported
by available data (see below).

Aspirin and preterm birth
Though available evidence is promising, data regarding
the early use of low-dose aspirin (LDA) in pregnancy to

prevent preterm birth are limited. A single trial of pre-
conception aspirin and meta- analyses that examine the
subset of women in larger studies that have begun LDA
16 weeks or earlier, have shown a persistent impact on
preterm birth. For example, Roberge et al., in a meta-
analysis of LDA included 22 trials that included 11,302
women, found a 19% reduction in the overall rate of pre-
term birth (RR 0.81, 95% CI 0.71 to 0.92) [14]. However
when the analysis was restricted to women who initiated
aspirin prior to 16 0/7 weeks, a 65% reduction was ob-
served (6 trials including 904 women, RR 0.35, 95% CI
to 0.22 to 0.57).
A trial of preconception LDA, the Effects of Aspirin in

Gestation and Reproduction (EAGeR) trial shows a simi-
lar trend towards risk reduction in a cohort of 1,078
women who were randomized to LDA prior to concep-
tion. If only the original cohort (women with just one
prior loss or less) is examined, there is a 55% reduction
in preterm birth (RR 0.45; p-value of 0.087; CI 0.19 to
1.08). When expanded to include the entire cohort (in-
cludes women with more than one fetal loss), there is a
28% risk reduction (RR of 0.72; p value 0.260). The lack
of significant difference in this trial is not surprising
given the small number of women with PTB but the
trend is encouraging [15], a reduction in the rate of PTB
between 28% and 65%.

Aspirin and preeclampsia
Many large randomized controlled clinical trials have ex-
amined the efficacy of LDA in preventing preeclampsia.
Duley and colleagues performed a systematic review that
included 51 trials involving 36,500 women treated with
antiplatelet agents for the prevention of preeclampsia
[16]. Forty-four of these trials involved the use of aspirin
alone (compared with placebo or no treatment) while
the remainder included other treatments, often in con-
junction with aspirin. Overall, the use of antiplatelet
agents conferred a 19% reduction in the risk of pre-
eclampsia (RR 0.81; 95% CI, 0.74-0.96). There was a
greater risk reduction in women treated with doses
greater than 75 mg/day (RR 0.49, 95% CI 0.38-0.65)
compared to lower doses (RR 0.86, 95% CI 0.79-0.93).
Other reviews emphasize the increased benefit from
LDA in women with historical risk factors (high risk for
preeclampsia) and suggest that focusing on at risk
groups would decrease the number of women it is ne-
cessary to treat to prevent a single case of preeclampsia
[17–19]. As with preterm birth, the effect size increases
when LDA is initiated earlier in gestation. A meta-
analysis of 33 trials reported a risk reduction of 0.62
(95% CI 0.49 to 0.78); however, when this was restricted
to women who began therapy <16 weeks the effect size
was greater (RR 0.47, 95% CI 0.36 to 0.62). Of course,
the “risk: benefit” ratio also is influenced by risk, which
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appears to be quite low for LDA. Thus, treatment of low
risk women may be justified.

Aspirin and growth restriction (small for gestational Age)
Low dose aspirin also may reduce the risk of other ad-
verse perinatal outcomes such as fetal growth restriction
and late fetal death. In 32 trials of 24,310 women, anti-
platelet therapy conferred an 8% reduction in SGA (RR
0.92, 95% CI 0.85-1.00) in women treated with the intent
to prevent preeclampsia [20]. LDA also has not been ef-
fective when started after the diagnosis of preeclampsia
or diagnosis of a growth restricted fetus [21–23]. Once
again, early initiation may be the key to success. A meta-
analysis reported a 14% reduction in fetal growth restric-
tion among women treated with LDA (RR 0.86, 95% CI
0.75-99); however when only women who initiated ther-
apy at or before 16 weeks were examined the effect size
was 54% (RR 0.46, 95% CI 0.33-0.66) [14].
The review by Duley and colleagues noted a 16% re-

duction in combined fetal, neonatal, and infant mortality
in women taking antiplatelet therapy (RR 0.84, 95% CI
0.74-0.96) [24]. Perinatal death and SGA fetuses were
not primary end points of these trials.

Aspirin safety
LDA is attractive as a potential therapy for reproductive
disorders because it has a demonstrated track record of
both fetal and maternal safety. Randomized controlled
trials (RCTs) in thousands of women showed no in-
crease in adverse fetal sequelae in doses < 150 mg per
day [22, 24]. In a meta-analyses of 22 studies, aspirin
was not associated with an overall increase in the risk
of congenital malformations [25]. The same meta-
analysis reported an increase in the risk of gastroschi-
sis (OR 2.37; 95% CI, 1.44 – 3.88) in infants exposed
to high-dose aspirin (325 mg per day) in the first tri-
mester [25]. This is biologically plausible since this
malformation may be caused by vascular disruption of
mesenteric vessels [26]. Results were not confirmed in
a recent population based case-control study [27, 28]
and the cause and effect between low dose aspirin
use and gastroschisis remains uncertain. Studies re-
garding safety are difficult to compare due to differ-
ent doses, duration, and timing of aspirin use (with
regard to pregnancy). Nonetheless, the majority of
data indicates minimal fetal risk from in utero LDA
exposure. In fact, a recent study noted that LDA was
actually associated with a reduction in neurobehav-
ioral difficulties in very preterm infants [29].
In terms of maternal safety, a metal-analyses of 22,760

women found no difference in the rate of postpartum
hemorrhage amongst women using LDA and placebo
[30]. Similarly the rates of abruption and discontinuation
were similar between LDA and placebo [30].

Summary
We intend to study the effects of LDA in nulliparous
women for several reasons. First, although it would be of
interest to study the effect of LDA in women at high risk
for preterm birth (e.g., prior preterm birth), such women
may undergo interventions intended to decrease their
risk of preterm birth. Thus, a study in patients with
prior preterm birth would have numerous potential con-
founders such as the use of progesterone, cervical cerc-
lage and closer monitoring. Conversely, multiparous
women with prior term births would be at very low risk
for preterm birth and would also be a suboptimal popu-
lation to study. Nulliparous women appear to be an ideal
population since they will not undergo special interven-
tions in an attempt to avoid preterm birth. Also, it ap-
pears that the risk of preterm birth in nulliparous
women is higher than for the general obstetric popula-
tion [31, 32]. In summary, available data suggest that
LDA may be a safe, widely available and inexpensive
intervention that may significantly reduce the risk of
preterm birth. However, this possibility needs to be
proven in a properly designed RCT with preterm birth
as the primary outcome. Such a clinical trial in a racially,
ethnically and geographically diverse population could
best be accomplished through the established infrastruc-
ture of the Global Network for Women’s and Children’s
Health Research (Global Network), a multi-country re-
search network with study sites in India, Pakistan,
Guatemala, Kenya, Zambia and the Democratic Republic
of Congo [33].

Methods/design
Study hypothesis
This trial has the following study hypotheses:

Primary hypothesis or question
Our primary hypothesis is that nulliparous women with no
more than two previous first trimester pregnancy losses
who are treated with LDA daily beginning between 6 0/
7 weeks and 13 6/7 weeks GA through 36 0/7 weeks GA
will reduce the rate of preterm birth from all causes by 20%.

Secondary hypothesis
Women who take antenatal daily LDA initiated at 6 0/7
to 13 6/7 weeks GA will have lower rates of:

� Small for gestational age infants
� Eclampsia and preeclampsia
� Perinatal Mortality

We propose a randomized, placebo-controlled, double-
blinded multicenter clinical trial to assess the efficacy of
LDA in the reduction of preterm birth. Women will be
randomized equally to receive either daily LDA (81 mg) or
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an identical appearing placebo beginning between 6 0/
7 weeks and 13 6/7 weeks GA and continuing until 36 0/
7 weeks GA or delivery.

Study Population
A total of 11,920 nulliparous women will be enrolled
(5960 per group) across seven sites in sub-Saharan Af-
rica, South Asia, and Latin America. For balance, each
site will enroll no more than 25% of the total sample. To
study the possible effect of LDA on anemia, we will
enroll 500 women in a sub-study, with each site contrib-
uting at least 10% of the sample.

Inclusion criteria
Inclusion criteria include the following women who are
residents of the study areas:

� Nulliparous women between 18 – 40 years of age
(Minors who are ≥ 14 years of age may be enrolled if
permitted by the country’s ethical guidelines.);

� No more than two previous first trimester
pregnancy losses;

� No medical contraindications to aspirin;
� Single live intrauterine pregnancy (IUP) between 6

0/7 and 13 6/7 weeks GA corroborated by an early
dating ultrasound and presence of a heartbeat.

Exclusion criteria
The following are the study exclusion criteria:

� Women already prescribed daily aspirin for more
than 7 days;

� Women with multiple gestations;
� Fetal anomaly by ultrasound (Note: most fetal

anomalies are not detectable by ultrasounds done at
this early gestation. Subsequent discovery of a fetal
anomaly is not an exclusion.);

� Hemoglobin < 7.0 g/dl at screening;
� Systolic blood pressure ≥ 140 and diastolic ≥ 90 at

screening;
� Any other medical conditions that may be

considered a contraindication per the judgment of
the site investigator (e.g., Lupus, Type 1 Diabetes,
hypertension, or any other known significant
disease).

Study procedures
The schedule of study procedures is outlined in Table 1.

Initial screening
Potential study participants will be recruited using mul-
tiple strategies so as to reach a diverse study population
that includes nulliparous women who are pregnant. To

reach the maximum number of potential participants,
clinic-based and community-based recruitment methods
will be used. Sites will determine the most effective
method for their hospital/community.
Upon identification, a brief assessment of eligibility

will be made to determine whether the patient is nul-
liparous and pregnant in the required GA window based
on last menstrual period (LMP), has no more than two
previous 1st trimester pregnancy losses, and has no med-
ical contraindications to aspirin or pregnancy. Know-
ledge of exact LMP and/or GA are not absolute
contraindications to study enrollment, as ultrasound will
ultimately determine the participant’s GA.
The initial screening will include collection of infor-

mation on specific medical conditions, prior surgical
procedures, medication use, allergy history, and out-
comes of any prior pregnancies. If a contraindication to
participation in the trial is found, the woman will be ex-
cluded from the trial at this point. If the field staff are
uncertain about whether a woman is an appropriate can-
didate, her enrollment will be deferred until study inves-
tigators can review her medical history. Women who
meet medical history eligibility criteria will proceed to
have an ultrasound performed.

Ultrasound screening
To be included in the study, the following three findings
must be obtained via ultrasound:

� A single intrauterine gestation
� Presence of a fetal heart rate
� Crown rump length (CRL) < 14 weeks gestation

Ultrasound will be assessed in all participants consist-
ent with local good clinical practice. To obtain the CRL,
a total of 3 measurements should be obtained in milli-
meters and the average should be utilized. Other mea-
surements, such as the size of the gestational sac, will
not be used. All study sonographers will be trained to
assess gestational age using CRL measurements and
quality will be monitored.
Since accurate information about LMP is frequently be

unavailable in our prospective study population, gesta-
tional age will be assigned solely with the use of ultra-
sound measurement of CRL. The assignment of the
projected due date will be consistent with the recent dir-
ection provided by the NICHD consensus statement
[34] shown in Table 2.

Clinical assessment
Each participant will be assessed to determine clinical
status. The assessment will consist of a brief physical
examination, medical history, and questions about the
use of other medicines or medicinal products. It will also

Hoffman et al. BMC Pregnancy and Childbirth  (2017) 17:135 Page 4 of 15



include a baseline hemoglobin (Hb) measurement. If the
Hb measurement is < 7.0 g/dl, she will be excluded from
the study.

Randomization procedures
Randomization of subjects will be carried out to obtain a
1:1 allocation ratio between the treatment and placebo
arms. Randomization will be stratified by site. A com-
puter algorithm generated by the data coordinating cen-
ter (DCC) will create the random assignment to one of
the treatment arms based on randomly permuted block
design with randomly varied block sizes, known only by
the DCC personnel.

Table 2 Guidelines for assigning projected due date

Gestational age by LMP Difference between
LMP and US GA

Basis for assigning
projected due date

Unknown/Not available N/A CRL

<9 0/7 weeks >5 days CRL

≤5 days LMP

≥9 0/7 and ≤13 6/7 weeks >7 days CRL

≤7 days LMP

Table 1 Timing of procedures

6 0/7- 13 6/
7 weeks GA

Bi-weekly
after enrollment

4 weeks
after enrollment

16-20
weeks
GA

26-30
weeks
GA

28-30
weeks
GA

34 weeks
GA

36 weeks
GA until
delivery

6 weeks
Post-Partum

As
needed

Screening

Initial eligibility ●

Ultrasound ●

Consent ●

Randomization/Enrollment ●

Clinical Assessments

Physical exam ●

Medical history ●

Use of other medicines ● ●

Maternal Hb monitoring ● ● ●

BP Monitoring ● ● ● ● ●

Medication Activities

Instructions for
medication use

● ●

Medication compliancea ●

Resupply ●

Outcome Assessment

Preterm Birth ●

SGA ●

Preeclampsia/Eclampsia ● ● ● ● ● ● ●

Other maternal outcomes ● ● ●

Other fetal outcomes ● ●

Unanticipated medical care ● ●

Serious Adverse Events ● ● ●
aMedication is supplied until 36 weeks GA; therefore duration of medication-related monitoring depends on GA at randomization
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Study intervention and comparison
The study intervention is 81 mg of aspirin administered
daily beginning between 6 0/7 weeks and 13 6/7 weeks
through 36 0/7 weeks or delivery. Though 81 mg and
75 mg doses are both used as standard “low” doses in
developing countries; the 81 mg dose was selected be-
cause it is consistent with the dosage used in other large
trials such as EAGER, is the standard in five of the seven
participating sites, and introduces no additional risk over
the 75 mg dose. In fact, Duley et als meta-analysis
showed a greater risk reduction for the development of
preeclampsia associated with proteinuria in women
treated with doses greater than 75 mg/day (RR 0.49, 95%
CI 0.38-0.65) compared to lower doses (RR 0.86, 95% CI
0.79-0.93).23

Following randomization, each woman will be pro-
vided with a supply of either LDA or an identical
appearing placebo. The drug or placebo will be enteric
coated pills, provided in identical, child-resistant pack-
aging, with written instructions for use. To ensure that
literacy levels will not affect proper use, the study staff
will provide verbal instructions at randomization and
reinforce these guidelines at subsequent follow-up visits.
Each woman will also receive a back-up supply of medi-
cation or placebo, which will be maintained throughout
the duration of the study. The purpose of the backup is
to bridge circumstances wherein the woman misses or is
late to a planned follow-up visit or the primary supply of
study drug/placebo is misplaced or destroyed. Medica-
tion compliance will be monitored through pill counts
and the drug/placebo supply will be replenished during
routine study visits.

Blinding/masking
Both the aspirin and placebo will be procured from the
same manufacturer. Packaging will be standardized
across sites and will be labeled as ASA 81 mg/placebo,
with the expiration data and a unique identifier.
Throughout the study, research staff and local health pro-

viders will be blinded to treatment status unless there is a
serious adverse event potentially related to the treatment
modality that requires un-blinding for safety reasons. One
pharmacist at each site will remain unmasked to monitor
randomization, drug supply, and safety as needed.

Monitoring
Participants will meet with study staff biweekly to
monitor medical side effects and other medical co-
interventions. As this is a pragmatic trial, no limitations
on local treatment will be prescribed but rather simply
documented. An assessment of unplanned medical visits
will also be made at this time. Routine study visits will
also provide an opportunity to monitor drug compliance
and exchange her completed drug/placebo supply for a

new allotment of medication. This process will be com-
pleted until the beginning of 36 0/7 weeks GA or the
participant delivers.
In order to assess the development of preeclampsia,

blood pressure will be monitored at the following
time points:

� Between 16 and 20 weeks
� At 28–30 weeks
� At 34 weeks
� Every 2 weeks beyond that until delivery, alternating

with pill monitoring visits

Each visit will consist of routine blood pressure mea-
surements using a standardized blood pressure instru-
ment and protocol. If the blood pressure is found to be
>140/90, then proteinuria will be evaluated by urine dip-
stick, and the participant will be referred, as indicated.

Primary outcome
The primary outcome of this study is preterm birth,
which will be defined as delivery at or after 20 0/7 weeks
and prior to 37 0/7 weeks. This will be determined based
on actual date of delivery in comparison to the projected
EDD, independent of whether or not the preterm deliv-
ery is indicated or spontaneous.

Secondary outcomes

� Preeclampsia and eclampsia
� SGA newborn
� Perinatal mortality

Other outcomes of interest
Maternal outcomes:

� Vaginal bleeding
� Antepartum hemorrhage
� Postpartum hemorrhage
� Maternal mortality
� Late pregnancy termination
� Change in maternal hemoglobin

Fetal and Neonatal outcomes:

� Preterm birth <34 0/7 weeks of pregnancy
� Birth weight <2500 g and <1500 g
� Fetal loss
� Spontaneous abortion
� Stillbirth
� Medical termination of pregnancy
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Safety monitoring
Aspirin remains the oldest prescribed drug in human
medicine. As such, the safety profile has been well
described. Large longitudinal studies of both adult popu-
lations and pregnant populations have been performed,
with minimal or no side effects detected with the use of
low doses. A 2014 systematic review of the use of LDA
for the prevention of morbidity and mortality from pre-
eclampsia found a 10% reduction in risk of preeclampsia,
20% reduction of SGA and a 14% reduction of preterm
birth [35]. Further, there was no evidence of serious
harms associated with LDA use during pregnancy.
Bleeding-related complications, such as postpartum
hemorrhage, maternal blood loss, and neonatal intracra-
nial or intraventricular bleeding were not increased. The
evidence on longer-term outcomes for offspring from in
utero aspirin exposure (low-dose) is limited, but follow-
up data from one large RCT is reassuring [35]. Nonethe-
less, it should be noted these studies have not assessed
the safety of aspirin in pregnancy in the developing
world where unique circumstances such as endemic
anemia may be present. Therefore safety monitoring re-
mains a strong focus of this project and can be divided
into three distinct areas:

1. Active surveillance of maternal side effects and
medical complications associated with aspirin:
Maternal surveillance will be composed of active
assessment of unintended medical visits. Likewise,
where obtained for clinical care, hemoglobin will be
recorded as well as administration of both oral and
intravenous iron. The incidence of postpartum
hemorrhage, antepartum hemorrhage, cesarean
delivery and maternal death due to postpartum
hemorrhage will also be monitored on an ongoing
basis.

2. Evaluation of fetal side effects: If occurrences of
major fetal abnormalities or fetal loss are discovered
during ultrasound procedures or follow-up visits,
they will be noted and the woman will be referred
according to local standard of care. Likewise, still-
birth and late pregnancy loss (delivery between 16
and 20 weeks) will be monitored via established
maternal and newborn health registry that is
conducted within the Global Network infrastructure
at each site. Fetal anomalies and loss will also be
reviewed at least twice a year by the Data Monitoring
Committee (DMC)

3. Evaluation of changes in maternal hemoglobin:
Anemia will be monitored in all women, with
sequential hemoglobin measurements at
randomization and again between 26-30 weeks GA.
Women with hemoglobin < 7.0 g/dl at
randomization will be excluded from the study.

Hemoglobin will also be measured at 4 weeks post-
randomization in the first 500 available women who
agree to participate, with changes in hemoglobin
assessed by treatment group. Recognizing that site-
specific characteristics may affect maternal
hemoglobin, the 500 woman sample will include at
least 50 women from each site. Women with
hemoglobin levels of < 7.0 g/dL or with a change of
more than 3.5 mg when measured post-
randomization will be referred to a health provider
to receive the local standard of care.

Compliance monitoring
The participant will take daily LDA from the time of
randomization until 36 0/7 weeks GA or delivery. Drug
compliance will be routinely monitored throughout this
period through pill counts and the completion of a
medicine compliance form each time the pill supply is
replenished. An interval medical obstetrical history will
also be taken during these scheduled visits. Study staff
will also provide reminders about proper drug adminis-
tration and the importance of compliance during bi-
weekly visits to monitor side effects.

Site preparation
In preparation for study implementation, the sites will
meet with health authorities and conduct community
sensitization activities to ensure that study procedures
are appropriate for the local context and to encourage
commitment and engagement at the facility and com-
munity level. Site preparation activities will focus on:

� Identifying and hiring study staff;
� Developing site-specific procedures for safety

monitoring (blood pressure, anemia) and procuring
the necessary equipment;

� Exploring locally-acceptable methods to monitor
and improve medication compliance;

� Identifying potential implementation challenges and
developing culturally-appropriate solutions;

� Identifying local medicines/treatments that contain
aspirin or have contraindications for its use;

� Educating health workers and community members
on the use of aspirin in pregnancy (including safety
of aspirin use).

Potential risks and benefits to participants
There are several potential direct and indirect benefits of
this trial. In LMIC, including those of the Global Net-
work, the rate of preterm births can be as high as 19%
of all deliveries amounting to an estimated 15 million
preterm births in 2012 [2, 9]. Should this trial be suc-
cessful and the rate of preterm deliveries be dropped by
20%, we could eliminate 3,750,000 of these early births
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per year. Aspirin has also been shown to decrease the
incidence of stillbirth and delivery of SGA infants [21,
23, 24, 36]. In addition to a reduction of preterm birth,
there is clear evidence of maternal benefit. There are
data supporting the use of daily LDA to prevent pre-
eclampsia [24, 37, 38]. This is an important benefit, as
pregnancy induced hypertension (PIH) is a major con-
tributor to maternal mortality [39].
Globally, preterm delivery remains a major health care

financial burden [2, 40].
By reducing the number of preterm deliveries, the trial

also has the potential to decrease need for extended and
recurrent hospital stays that are frequent in this popula-
tion, as well as impacting the cost of care for the long-
lasting neurodevelopmental disorders and chronic health
conditions incurred later on in life [5–7]. Moreover, with
this simple strategy, we could potentially save the lives
of over one million neonates that die due to prematurity
every year [2].
The safety profile of aspirin is well-established and

thoroughly investigated. Women with a known adverse
reaction to acetylsalicylic acid (aspirin) will be excluded
from the trial. This occurs rarely, but an allergic reaction
to the intervention medication remains a small risk.
Fetal concerns are also limited. Most notably, LDA has
actually been shown to improve neurologic outcomes in
preterm infants [29]. In light of such findings, the med-
ical community acknowledges that antepartum exposure
to low dose aspirin incurs only marginal fetal risk. Over-
all, the profound benefits of this intervention greatly
outweigh the minimal risks to both mother and child.

Analytical plan
Statistical analysis plan
Baseline demographic characteristics and key clinical
measures will be compared between women in the two
treatment arms using contingency table approaches for
categorical variables and analysis of variance models and
t-tests for continuous variables. For all of these analyses,
comparisons will be made within each Global Network
site and overall across the sites controlling for site in the
models.

Primary analysis—risk of preterm (<37 weeks) birth
The primary analysis will compare the risk of preterm
birth between the two treatment arms using two com-
plementary approaches. First, the formal test of the pri-
mary hypothesis that the risk of preterm birth differs
between the two arms will utilize a modified intention-
to-treat approach based on a Cochran-Mantel-Haenszel
(CMH) test stratified by Global Network sites. The ap-
proach is characterized as a modified intention to treat
approach because the analysis population for the test
will be all randomized pregnancies for which the delivery

occurs after 20 weeks. Earlier deliveries (miscarriages)
will be considered missing completely at random for
purposes of this analysis.
In order to evaluate the sensitivity of the primary hy-

pothesis test to the assumption by which early deliveries
or losses are treated as randomly missing and to control
for potential confounders of the treatment effect, add-
itional analyses will be conducted using a series of three
generalized linear models. These generalized linear models
will be fit with the binary outcome of preterm (<37 week
delivery) as the outcome measure. The initial model will
include terms for treatment, site, and a treatment by site
interaction. If the treatment by site interaction term is
found to be significant (p < 0.05), then all subsequent
models will include the interaction term and all effects will
be reported by site. If the interaction term is not signifi-
cant, it will be removed from the model and this initial
model be used to estimate an unadjusted treatment effect
controlling for site. The second series of models will in-
clude any demographic or clinical variable found to differ
significantly between the treatment arms in the prelimin-
ary analyses described above. These models will be used
to generate adjusted estimates of the treatment effect con-
trolling for potential confounders. The third set of models
will utilize extensions of the generalized linear model that
incorporate inverse probability weighting to evaluate the
sensitivity of the inference to treatment of miscarriages as
randomly missing [41].

Secondary and exploratory analysis
This study has been designed to evaluate formally the dif-
ferences between the two treatment arms for three second-
ary outcomes: the risk of perinatal mortality; the risk of
eclampsia/preeclampsia, and the risk of a SGA infant. As
with the primary analyses, each of these outcomes will be
examined individually using formal tests of hypotheses that
the risk differs between the two arms based on CMH tests
stratified by Global Network sites. Analyses for each of
these 3 secondary outcomes will utilize the same modified
intention-to-treat population used for the primary out-
come. Each of these hypothesis tests will be conducted at
the 0.05 level of significance with no adjustment for mul-
tiple comparisons. In addition to this set of formal hypoth-
esis tests, model based analyses comparable to those
conducted for the primary analyses will be used to evaluate
potential heterogeneity of treatment effect across sites and
evaluate potential confounding. For each of the outcomes,
an initial model will include terms for treatment, site, and a
treatment by site interaction. If the treatment by site inter-
action term is found to be significant (p < 0.05), then all
subsequent models will include the interaction term and all
effects will be reported by site. If the interaction term is not
significant, it will be removed from the model and this ini-
tial model be used to estimate an unadjusted treatment
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effect controlling for site. The second series of models will
include any demographic or clinical variable found to differ
significantly between the treatment arms in the preliminary
analyses described above. These models will be used to gen-
erate adjusted estimates of the treatment effect controlling
for potential confounders.
In addition to these planned formal secondary out-

come analyses, we will also conduct exploratory out-
comes for a number of other binary outcomes. The
analytic approach for these exploratory analyses, will be
comparable to the approach described above for the pri-
mary and formal secondary analyses. However, these ex-
ploratory analyses will focus on estimation of effect sizes
and generation of hypotheses rather than on formal hy-
pothesis tests. Initially, contingency tables will be used
to generate estimates of the risk of each outcome for the
two treatment arms, both overall and separately by Glo-
bal Network (GN) site; these contingency tables will also
be used to generate estimates of the relative risk associ-
ated with treatment by site and aggregated across sites
adjusting for site. For each outcome a series of general-
ized linear models analogous to those described for the
primary outcome will be fit to generate unadjusted esti-
mates of risk, estimates of risk adjusted for potential
confounders, and estimates of risk adjusted to account
for any possible differences in risk between the arms as-
sociated with miscarriages.

Sample size and power estimates
The risk of preterm birth < 37 weeks gestation in un-
treated nulliparous women was estimated to be about
8.0% for the EAGeR trial [15, 42]. Unpublished data for
2012 from the Global Network sites show preterm birth
rates among sites, ranging from 2.9% to 9.8%, while
WHO estimates the range for the countries in which
Global Network sites are located to be 7.7% to 16.7% [2].
In developing sample size estimates we considered risks
in the range of 8% to 14% and ultimately selected sample

sizes based on a conservative estimate of 8%. Because
the association of LDA and preterm birth may differ in
international settings, we examined sample size require-
ments for reductions of 40%, 25%, and 20%. As shown
in Table 3, the number of evaluable participants needed
to detect a 20% reduction from a usual rate of 8% pre-
term births with 90% power is 5,483 per treatment arm.
A conservative estimate of effect size was selected that
would still be clinically relevant. To account for the loss
of evaluable subjects due to spontaneous abortion, which
are anticipated to occur in approximately 5% of partici-
pants) and loss to follow-up (assumed to be in the 1% to
2% range), sample sizes were increased by 8% to obtain a
final sample size of 11,920 (or 5,960 per treatment arm).

Sample size—secondary outcomes
One of the key secondary objectives of this trial is to
evaluate the effect of low dose aspirin on perinatal mor-
tality. We evaluated the reduction in perinatal mortality
that could be detected with 80% power and 90% power
under the assumption that the sample size for the study
would be based on that needed to achieve the primary
aim of demonstrating a 20% reduction in low-birth
weight infants. The analyses were based on the assump-
tion that the perinatal mortality rate in the Global Net-
work population is approximately 45 perinatal deaths
per 1000 deliveries [40]. With this estimated underlying
mortality rate and 5,483 evaluable subjects per treatment
arm required to demonstrate the 20% reduction in low
birth weight prevalence as outlined in the primary aim,
the study will have 80% power to detect a 24% reduction
in perinatal mortality and 90% power to detect a 27% re-
duction in perinatal mortality.
To determine the sample size actually needed to dem-

onstrate the reduction in perinatal mortality expected if
the intervention results in a 20% reduction in prevalence
of low birth weight infants, we examined both the preva-
lence of low birth weight infants across the Global

Table 3 Evaluable sample size estimates

PTB rate in
Placebo Arm

PTB rate
in ASA

% Red. Sample size
per group

PTB rate
in ASA

% Red. Sample size
per group

PTB rate
in ASA

% Red. Sample size
per group

Power = 80% (α = 0.05; β = 0.2)

8% 4.8% 40% 918 6.0% 25% 2554 6.40% 20% 4096

10% 6.0% 40% 721 7.5% 25% 2005 8.00% 20% 3213

12% 7.2% 40% 591 9.0% 25% 1638 9.60% 20% 2625

14% 8.4% 40% 497 10.0% 25% 1377 11.20% 20% 2204

Power = 90% (α = 0.05; β = 0.1)

8% 4.8% 40% 1228 6.0% 25% 3419 6.40% 20% 5483

10% 6.0% 40% 965 7.5% 25% 2683 8.00% 20% 4301

12% 7.2% 40% 790 9.0% 25% 2193 9.60% 20% 3513

14% 8.4% 40% 665 10.5% 25% 1842 11.20% 20% 2950
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Network sites and the perinatal mortality risk in both
the low birth weight and normal birth weight infants.
Based on 2013 MNH Registry data, the prevalence of
low birth weight among all Global Network deliveries
was 16.3% and the perinatal mortality rates were 20.5
per 1000 deliveries among normal birth weight infants
and 162.3 per 1000 deliveries among low birth weight
infants; these values yield a weighted average perinatal
mortality rate of 43.6 per 1000 deliveries. If the LDA
intervention is effective in reducing the prevalence of
low birth weight deliveries by 20% (i.e. reducing the
prevalence from 16.3% to 13%) and the conditional risk
of perinatal mortality is unchanged in the low birth
weight and normal birth weight cohorts, we would ex-
pect the resultant overall perinatal mortality rate to be
reduced to 38.9 per 1000 deliveries or a 10.8% reduction.
Detection of a reduction of this magnitude with 80%
power would require an evaluable sample size of greater
than 28,000 evaluable deliveries per treatment arm, and
the study would need over 37,000 evaluable deliveries
per arm to achieve 90% power to detect a reduction of
this level in perinatal mortality.
Given the sample sizes associated with the second ap-

proach, the best alternative appears to be to power the
study to demonstrate the 20% reduction in prevalence of
low birth weight deliveries with a commitment to generate
point and interval estimates of the impact of the interven-
tion on perinatal mortality. By examining the risk of peri-
natal mortality in both the normal and low birth weight
infants in the two arms, the trial would provide some
insight about impacts of the intervention on mortality other
than that mediated through the effect on birth weight.
We also conducted power analyses to examine the ef-

fect sizes that could be detected with the planned sam-
ple sizes for two additional secondary outcomes,
prevalence of SGA infants and incidence of eclampsia/
preeclampsia in the target population. Preliminary infor-
mation from the 2013 Global Network MNH Registry
indicates that the risk of each of these events in the
population of interest is approximately 5%. Under the

assumption of 5,483 evaluable participants in each treat-
ment arm and an assumed Type I error rate of 0.05 for
per-comparison analyses (i.e. no control for multiple com-
parisons in the analyses of these secondary outcomes), the
study will have 70% power to detect a 20% reduction in
the risk of each of these outcome measures, 85% power to
detect a 24% reduction and 90% power to detect a 26% re-
duction. Consequently, the study is reasonably powered to
examine these secondary outcome measures.

Available population
The sites of the Global Network have access to approxi-
mately 68,000 deliveries annually with 24,000 being po-
tentially eligible pregnancies for this study. Previous
studies of interventions during pregnancy have experi-
enced high rates of enrollment in this population. The
Global Network sites estimate that between one third
and one half of eligible women will enroll in this proto-
col, which will allow the study to meet recruitment goals
within 18-24 months.

Projected recruitment time
Each site will begin recruitment after their site-specific
regulatory approvals are in place, the site has been ad-
equately prepared, and training is completed. This will
require a staggered start, as the timeline for these activ-
ities will vary per site. The projected timeline for this
study is approximately 3 years. This includes a 12 month
preparatory phase with 3 months for training, an
18 month recruitment period, and 6 months for data
cleaning and analysis (Table 4).

Study monitoring plan
Serious adverse events
Serious Adverse events (SAEs) will be monitored con-
tinuously using a special form that will be required for
any event that meets the following criteria:

� Results in death;
� Is life-threatening;

Table 4 Study timeline

YR 1 YR 2 YR 3 YR 4

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

Preparatory Activities

Document Development (Protocol, forms, etc.) ● ● ● ●

Procurement of medication and other materials ● ● ● ●

Approvals (IRB, ERC, Drug Authorities, etc.) ● ● ● ●

Site Preparation ● ● ● ●

Training ● ● ●

Recruitment (24 months) ● ● ● ● ● ● ● ●

Data Cleaning and Analysis (6 months) ● ●
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� Requires hospitalization or prolongs existing
hospitalization;

� Results in persistent or significant disability or
incapacity;

� Any other serious or unexpected adverse event that
the study investigator(s) feels should be reported.

The specific adverse events to be monitored in this trial
include maternal death, GI bleeding (vomiting blood),
fetal anomaly, gastroschisis, post-partum hemorrhage, or
antepartum hemorrhage.

Data monitoring plan and stopping rules
All Global Network sites will report data to the Global
Network Data Coordinating Center (DCC) (RTI Inter-
national). Data will be used to evaluate protocol adherence
and site performance (e.g., recruitment, loss to follow-up,
data quality). The DCC will provide standardized progress
reports to NICHD and site investigators on a monthly
basis to monitor outcome variables and adverse events.
Oversight of the trial will be handled by two principal

groups with different focuses:

1. Protocol-focused Steering Committee (SC): The SC
is comprised of the Central Study Team from
Christiana Care and Jawaharlal Nehru Medical
College (JNMC), NICHD, the DCC, and
investigators from each of the participating sites (see
Table 5). The Central Study Team, with assistance
from NICHD and the DCC, will have primary
responsibility for overall study design, development
of study materials and procedures, and oversight of
study implementation. They will meet via conference
call bi-weekly to monitor study progress and
ensure proper implementation of the trial. The
site Investigators will be responsible for providing
guidance on study design, developing site-specific
implementation plans, ensuring study staff are properly
trained, and providing oversight of the study at the site
level. The SC will convene via conference call at least
once per quarter and will meet in person twice a year
to discuss study design and implementation issues.
Members of the Central Study team, NICHD, and RTI
will also conduct site visits, as the budget allows, to
bolster enthusiasm, provide hands-on training and
education to the participating staff, and address site-
specific issues, if any.

2. Data Monitoring Committee (DMC): The DMC, a
standing group that monitors all NICHD-funded
Global Network studies, will be responsible for
ensuring safe and ethical treatment of study
participants through monitoring of the study. The
membership will include, at a minimum, a
statistician, obstetrician, pediatrician and an expert

in international health. The DMC designated by
NICHD will review the data collected at approximate
6 month intervals throughout the course of the study.
The DMC reports, which are prepared by the Data
coordinating center, will include information on study
enrollment rates and participant progress through the
study, participant compliance with protocol-specified
treatment regimens, protocol violations, adverse
events, and efficacy outcomes. The focus of the DMC
review will be on monitoring participant safety and
study progress/futility but data on treatment
effectiveness will also be presented to frame the
DMC discussions on safety and futility. However,
no formal interim analysis of efficacy or effectiveness
are planned and the DMC will not be responsible for
stopping the trial for efficacy. The DMC will be charged
with monitoring adverse events and side effects from
LDA. All known associated side effects and specific
obstetric or fetal concerns will be considered reportable
to the DMC. The study will be reviewed by the DMC
bi-annually at a minimum, but may be reviewed more
frequently if concerns are raised about participant
safety or about adequate process of the study.

Data management procedures
Data will be collected both prospectively and from existing
clinical records, using hard copy forms or Android Tablets.
Regardless of data capture methodology, all data will be
kept confidential. Each participant will be assigned a unique
study ID which will be used to identify the participant. Only
the screening log will contain the name (which is not trans-
mitted). When hard copy forms are used, they will be
retained in a secure location for possible editing or queries
at the central data entry site. Data will be entered into com-
puters using the Data Management System (DMS) devel-
oped by RTI and the assigned study number. The DMS will
also allow site staff to produce project reports and backup
the study database. Electronic data will be transferred from
each data management computer to a single Research Unit
Data Center (RUDC) in each country, creating a complete
data repository. At least once per week, data will be trans-
mitted from the RUDC to the DCC. The data center will
conduct training on the DMS system, as needed, and will
maintain the central database for the study.
Precision and accuracy of actual data collected will be

assessed by chart review (random 5%) and internal pro-
cedures using the computer program. Monthly audits
and incomplete data reports will be performed by a re-
view team consisting of at least of the SFI and the coun-
try coordinator. Data editing and error resolution will be
performed monthly. In addition, a sample of participants
will be visited to confirm their participation, with proce-
dures determined per site. These activities will be shared
between the site and the data center.
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Table 5 ASPIRIN Study Team Members

Central Study Team: Global Network

Site 08 (Belgaum, India)

Richard Derman, MD, MPH Principal Investigator, Thomas Jefferson University,
Philadelphia, PA USA

Bhalchandra Kodkany, MD, MBBS Senior Foreign Investigator, KLE
University’s JN Medical College, Belagavi, India

Shivaprasad S. Goudar MD, MHPE Co-Investigator, KLE University’s JN
Medical College, Belagavi, India

Matthew K. Hoffman, MD, MPH Lead Investigator for ASPIRIN Protocol,
Christiana Care, Newark, DE USA

Mrityunjay C. Metgud, MD ASPIRIN Country Coordinator, KLE University’s
JN Medical College, Belagavi, India

Frances Jaeger, MA, DrPhCo-Investigator, Thomas Jefferson University,
Philadelphia, PA USA

Amit Revankar Data Manager, KLE University’s JN Medical College,
Belagavi, India

Data Coordinating Center - RTI International
Elizabeth McClure, PhD Principal Investigator Data Coordinating Center,
RTI International, Research Triangle Park, NC USA

Dennis Wallace, PhD
Senior Statistician, RTI International, Research Triangle Park, NC USA

Norman Goco, MHS
Protocol Manager, RTI International, Research Triangle Park, NC USA

Jay Hemingway-Foday, MPH, MSW Protocol Manager for ASPIRIN Protocol,
RTI International, Research Triangle Park, NC USA

Steve Litavecz, MBA
Data Manager, RTI International, Research Triangle Park, NC USA

Janet Moore, MS Statistician, RTI International, Research Triangle Park, NC USA

Emily MacGuire, MPH
Study Coordinator, RTI International, Research Triangle Park, NC USA

Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD)

Marion Koso-Thomas, MD MPH, Medical Officer, Global Network for Women's
and Children's Health Research, NICHD, Washington, DC USA

Menachem Miodovnik, MD
Medical Officer, Global Network for Women’s and Children’s Health
Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD)

Site Investigators

Global Network Site 02 (Democratic Republic of Congo)

Carl L. Bose, M.D.
Principal Investigator, University of North Carolina School of Medicine

Antoinette Tshefu, M.D, Ph.D., M.P.H
Senior Foreign Investigator, Kinshasa School of Public Health, Kinshasa,
Democratic Republic of Congo

Adrien Lokangaka, M.D., M.P.H.
Country Coordinator, Kinshasa School of Public Health, Kinshasa,
Democratic Republic of Congo

Daniel Ishoso, MD ASPIRIN Coordinator, Kinshasa School of Public
Health, Kinshasa, Democratic Republic of Congo

Global Network Site 06 (Guatemala)

Nancy Krebs, MD
Principal Investigator, University of Colorado Health Care System (UCHCS)

K. Michael Hambidge, MD
Co-Investigator, University of Colorado Health Care System (UCHCS)

Ana Garces, MD, MPH
Senior Foreign Investigator, Instituto de Nutrición de Centroamérica y
Panamá (INCAP), Guatemala City, Guatemala

Table 5 ASPIRIN Study Team Members (Continued)

Lester Figueroa, MD
Country Coordinator, Instituto de Nutrición de Centroamérica y Panamá
(INCAP), Guatemala City, Guatemala

Maynor Manrique,
Data Manager, INCAP, Instituto de Nutrición de Centroamérica y Panamá
(INCAP), Guatemala City, Guatemala

Global Network Site 09 (Pakistan)

Robert L. Goldenberg, MD
Principal Investigator, Columbia University

Sarah Saleem, MD
Senior Foreign Investigator, Aga Khan University, Karachi, Pakistan

Saleem Jessani
ASPIRIN Coordinator, Aga Khan University Karachi, Pakistan

Zaheer Habib
Data Manager, Aga Khan University, Karachi, Pakistan

Global Network Site 11 (Nagpur, India)

Patricia L. Hibberd, MD, PhD
Boston University School of Public Health

Archana Patel, MD, DNB, MSCE
Senior Foreign Investigator, Lata Medical Research Foundation (LMRF),
Nagpur, India

Prabir B. Das, MD
ASPIRIN Country Coordinator, Lata Medical Research Foundation (LMRF),
Nagpur, India

Amber Prakash,
Data Manager, Lata Medical Research Foundation (LMRF), Nagpur, India

Global Network Site 03 (Zambia)

Wally Carlo, MD
Principal Investigator, University of Alabama at Birmingham

Elwyn Chomba, MBChB, DCH, MRCP
Senior Foreign Investigator, University Teaching Hospital, Lusaka, Zambia

Musaku Mwenechanya, MD
Country Coordinator, University Teaching Hospital, Lusaka, Zambia

Cindy Chirwa
ASPIRIN Coordinator, University Teaching Hospital, Lusaka, Zambia

Ernest Banda
Data Manager, University Teaching Hospital, Lusaka, Zambia

Global Network Site 12 (Kenya)

Edward A. Liechty, MD
Principal Investigator, Indiana University School of Medicine

Fabian Esamai, MBChB, MMed, PhD
Senior Foreign Investigator, Moi University School of Medicine, Eldoret,
Kenya

Emmah Achieng
ASPIRIN Coordinator, Moi University, Eldoret, Kenya

Kevin Otieno
Data Manager, Moi University, Eldoret, Kenya

Technical Advisory Group

Robert M. Silver, MD
University of Utah Health Sciences Center

Enrique Schisterman, Ph.D
Chief and Senior Investigator
Epidemiology Branch, DIPHR
Eunice Kennedy Shriver National Institute of Child Health and Human
Development

Rob Nathan, MD
Ultrasound Quality Control Advisory,
Department of Radiology, University of Washington, Seattle, WA
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Quality control
Training
All study personnel must participate in training on the
proper implementation of study procedures and the ethics
of conducting research with human subjects before begin-
ning any research activity. The SFI and project coordinator
will ensure that all study personnel receive appropriate
training, and obtain required certification ensuring that they
have met training objectives. RTI will be responsible for de-
veloping a certification test. The SFI and project manager
will be responsible for overseeing the certification process.

Study monitoring
Major monitoring responsibilities of the PI/SFI, assisted
by the country coordinator, are (1) confirming proper IRB
approval; (2) monitoring the delivery of the study inter-
vention; (3) assessing and evaluating the quality of study
implementation; (4) ensuring compliance with the inter-
vention, including proper randomization; (5) evaluating
accuracy, precision, and completeness of data collected,
entered, and transmitted (along with the DCC); (6) ensur-
ing that all personnel are fulfilling their obligations; (7)
maintaining morale and enthusiasm of the staff; (8) hand-
ling ad hoc problems and maintaining communication; (9)
ensuring inter-site consistency; and (10) proposing im-
provements to the monitoring activities.
NICHD and the DCC staff will conduct site visits as

needed. These visits will include review of individual par-
ticipant records, including supporting data, to ensure pro-
tection of study participants, compliance with the protocol,
and accuracy and completeness of records. The SFI/PI will
make study documents (e.g., logbooks, data forms, staff
training certificates) and pertinent hospital/clinic records
readily available for inspection by the local IRB, site moni-
tors, and the NICHD for confirmation of the study data.

Drug quality assurance and monitoring
The study drug manufacturer will have a Good Manu-
facturing Practices (GMP) designation vetted by the
FDA and a certificate of authenticity will be provided.
Each site will adapt best practice guidelines for drug
shipment and storage to the needs and infrastructure of
their local environment. Study staff will be trained in on
the drug shipment and storage plan to ensure that best
practices are maintained at all time. Additionally, partici-
pants will receive detailed instruction on proper storage
of the study drug at home. Drug stability information
will be maintained throughout the study. For quality as-
surance, a sample of pills from each site will be ran-
domly selected and tested for bioavailability at multiple
time points during the study period. A sample from each
batch will be tested.

Ultrasound gestational age dating
All study sonographers will be certified to assess gestational
age using CRL measurements. A sample of ultrasound im-
ages at each site will be reviewed by study investigators to
ensure that CRL is accurately measured and gestational age
is accurately assigned. If discrepancies are found, the sono-
graphers will be retrained. Ultrasound will be used only for
pregnancy dating and no other purpose.

Discussion
This study will assess the impact of initiation of LDA be-
tween 6 and 14 weeks of gestation. Though several large
studies have examined the effects of aspirin on pregnancy,
this study is unique because it will examine this treatment
early in pregnancy in low-middle income countries with
preterm birth as a primary outcome. Though studies of
LDA initiated later in pregnancy [31] have consistently
shown benefit, the extant of impact may be muted by the
fact that late initiation may fail to protect the placenta as
it undergoes cellular division and invests itself into the
maternal decidua. Secondary analyses have consistently
suggested that the effect size is markedly increased when
LDA is initiated prior to 16 weeks; however, this will be
the first study to examine this question on this scale. The
importance of developing low-cost, high impact interven-
tions in low-middle income countries is magnified as they
are often unable to bear the financial costs of treating ill-
ness. Likewise this approach examines the important
question of whether the biologic underpinning diseases
are similar between the developed and developing world.
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Abstract Renal cell carcinoma (RCC) is the most lethal uro-
logical cancer. It is estimated that one thirds of the patients
with localized cancer will develop distant metastasis after rad-
ical treatment. Adrenal metastasis of RCC are relatively rare
and can be either synchronous or metachronous; ipsilateral,
contralateral or bilateral; solitary or part of a massive metasta-
tic spread. Contralateral adrenal metastasis are uncommon. It
is well-known that some patients with isolated metastasis may
benefit from surgical treatment. However, the optimal diagno-
sis and treatment of the contralateral adrenal metastasis from
RCC has not yet been well defined. Since it was first de-
scribed, laparoscopic adrenalectomy has become the gold
standard for the surgical treatment of most adrenal conditions.
The benefits of a minimally invasive approach to adrenal re-
section such as decreased hospital stay, shorter recovery time,
and improved patient satisfaction are widely accepted. We
report our experience with laparoscopic management of con-
tralateral, metachronous adrenal metastases from RCC.
Patients undergoing radical/partial nephrectomy for RCC
were prospectively followed and evaluated regularly for gen-
eral health status, local recurrence of tumor, and distant me-
tastases. Patients identified to have had adrenal lesion/mass
during the follow-up period were evaluated in detail both with
imaging as well as endocrinal evaluation for assessment of
functional status of these lesions. All these patients underwent
laparoscopic adrenalectomy under general anesthesia. During
the study period Jan 2006–Dec 2015, 8 patients (7 male and 1

female) with a mean age of 57.8 years underwent laparoscopic
ad r ena l e c t omy. The mean ope r a t i ng t ime was
111.2 ± 32.5 min, blood loss was 45 ± 8.6 cm3 and postoper-
ative stay was 37.5 ± 9.3 h. None of the patients had any major
complications both early and delayed. The overall survival
was 44.62 months. Metachronous, solitary, and contralateral
adrenal metastasis from RCC is an extremely rare clinical
complication that can occur very late after the radical/partial
nephrectomy. Increased use of imaging modalities has led to
more efficient and early detection of these lesions. Aggressive
surgery remains the treatment of choice in these cases.
Laparoscopic adrenalectomy remains a good, safe option with
minimal morbidity and short hospital stay.

Keywords Adrenalectomy . Adrenal gland . Laparoscopy .

Surgical technique .Metastases . Renal cell carcinoma

Introduction

Renal cell carcinoma (RCC) is known to metastasize via ve-
nous and lymphatic routes to almost any organ, including the
lungs, liver, kidneys, bones, and brain. Metastases to the ad-
renals from RCC are uncommon, with autopsy studies show-
ing an incidence of 6 to 23% [1, 2]. In patients undergoing
radical nephrectomy, the incidence of solitary adrenal metas-
tasis to the ipsilateral gland is 3% and contralateral gland is
0.7%, respectively [3]. Even with early stages of RCC, metas-
tases can occur much later after complete resection.
Development of metastasis is associated with poor prognosis,
as non-operative modalities for advanced renal carcinoma
have failed to improve survival significantly [4].

Surgical removal is the only known effective treatment in
patients with solitary adrenal metastasis, with 29 to 35% of
patients subsequently surviving 5 years or more [3]. Till about
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two decades back open surgical adrenalectomy remained the
only known surgical procedure. Yuvaraja et al. [4] reported on
43 patients with solitary metastasis to different sites from renal
cell carcinoma who underwent either surgical excision or ra-
diotherapy between 1988 and 2001. All solitary metastatic
lesions were treated with intent of cure either by open surgical
excision or radiotherapy. Of these, 13 patients had solitary
metastasis at the time of presentation in whom 3-year overall
median survival was 26 months. The survival of those who
developed solitary metastases during follow-up after nephrec-
tomy for primary was 45 months. The patients with long in-
terval between diagnosis and development of metastasis, early
stage and low grade of the primary tumor had better prognosis.
The authors concluded that complete resection of either syn-
chronous or metachronous solitary metastases from renal cell
carcinoma was justified and contributed to a long-term surviv-
al in this select group of patients.

Laparoscopic adrenalectomy for metastases though contro-
versial could be performed with acceptable outcomes in care-
fully selected patients with small, organ-confined, solitary me-
tastasis [5]. Therefore, aggressive treatment in the form of
laparoscopic excision/metastatectomy in such lesions is
thought to be effective. We report on our laparoscopic expe-
rience in the management of adrenal metastases from renal
cell carcinoma.

Materials and Methods

Patients operated in our department for renal cell carcinoma
formed the study group. All patients were prospectively
followed up and evaluated regularly for general health status,
local recurrence of tumor, and distant metastases. During the
period Jan. 2006 and Dec. 2015, 8 patients (7 male and 1
female) presented with metachronous solitary metastases to
the contralateral adrenal gland. The location and extent of
the metastatic disease was evaluated by various diagnostic
methods, which included chest radiograph, isotope bone scan,
liver function tests, and serum alkaline phosphatase. All pa-
tients underwent ultrasound (USG) and/or computerized to-
mography (CT) of abdomen to rule out local recurrence and
other metastases. Patients with adrenal lesion/mass also
underwent a thorough endocrinal evaluation for assessment
of functional adrenal lesions.

Surgical Technique We have routinely used our own tech-
nique of laparoscopic adrenalectomy [6, 7] under general an-
esthesia and endotracheal intubation. The patient was rolled-
up to a full-flank position on a beanbag with the affected
adrenal side up. The shoulders were then dropped back ≈30°
into a modified flank position. The upside arm was supported
by an arm board; the legs were bent slightly and padded. The
patient was secured to the table by wide adhesive tape over the

hips and shoulders. In a modified flank position, the ports
were placed in a subcostal arrangement. The initial access
was identified ≈2 cm below the costal margin and lateral to
the rectus abdominis border. An open (Hasson) entrance was
made at this site and pneumoperitoneum created in a standard
fashion.

On the left side, three or four ports were placed. The op-
tional lateral port depended on the need for an additional re-
tractor for the spleen or kidney. On the right side, four ports
were always used because of the need for a liver retractor.
Laparoscopic right adrenalectomy relied on the inferior vena
cava (IVC) as the main landmark as the right adrenal vein
joins the IVC in a consistent location. After initial inspection
of the peritoneal cavity, the liver was lifted up with a fan
retractor through the most medial port. The posterior perito-
neum was incised below the liver edge and a lateral incision
along the liver border was made for adequate exposure. This
peritoneal incision was continued caudally along the white
line of Toldt to mobilize the colon. The IVC was identified
and exposed. The overlying tissue along the anterolateral IVC
was split in a cephalad direction. The right adrenal vein was
identified, controlled, and divided. Once the adrenal vein was
secured, the remainder of the dissection involved mobilizing
the adrenal gland. The specimen was removed using a retriev-
al pouch and all ports closed with an absorbable fascial suture.
Laparoscopic left adenalectomy required mobilization of ad-
jacent structures to expose the left adrenal gland. The descend-
ing colon was mobilized by incising the white line of Toldt.
This incision was carried high up along the spleen, allowing
the spleen to fall by gravity away from the suprarenal area.
The left renal and adrenal veins were identified and controlled.
The numerous arterial supplies of the adrenal gland were di-
vided using cautery for hemostasis. The adrenal gland was
freed from the surrounding tissues and retrieved using the
retrieval pouch (Fig. 1).

Fig. 1 Excised specimen of adrenal gland
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Data in relation to the age of the patient at diagnosis of the
adrenal metastases, duration following primary treatment of
RCC, histopathology, size of the adrenal lesion, operating
time, intra and immediate postoperative complications were
noted and analyzed.

Results

During the 10 year study period (Jan. 2006–Dec. 2015), 8
patients (7 male and 1 female) with a mean age of 57.8 years
underwent laparoscopic adrenalectomy for an adrenal lesion
appearing on the contralateral side and identified during the
follow-up imaging after radical/partial nephrectomy for RCC
(Table 1).

All the adrenal lesions were identified on follow-up ultra-
sonography examination and further confirmed on CT imag-
ing (Fig. 2). None of the patients were symptomatic for these
lesions. All biochemical studies done to assess the functional
status of the adrenal glands were within normal levels includ-
ing serum cortisol, urinary cortisol, and urinary VMA. All
patients were counseled regarding the surgery, outcome, prog-
nosis, and need for further treatment if necessary.

The details of laparoscopic adrenalectomy were shown in
Table 2. None of the patients needed conversion to open sur-
gery. The operating time for right side lesions was more than
the left side lesions, because of the dissection of the right
adrenal vein. The mean operating time was 111.2 ± 32.5mins,
blood loss was 45 ± 8.6 cm3, and postoperative stay was
37.5 ± 9.3 h. None of the patients had any major complica-
tions both early and delayed. Histopathological examination
confirmed metastases from the RCC and all were of clear cell
variety (Fig. 3).

Four of the patients died during the follow-up period, two
because of the disease and the other two because of other
causes. The remaining four are alive with no evidence of ob-
vious disease. The overall survival was 44.62 ± 17.8 months
and disease specific survival was 40.83 ± 18.41 months.

Discussion

RCC is the most common renal tumor. RCC can recur at any
time after nephrectomy. Frequent sites of metastasis include the
lung parenchyma (50 to 60%), bone (30 to 40%), liver (30 to
40%), and brain (5%) [4]. The incidence of adrenal metastases
from RCC is 6–23% in autopsy series [1, 2], but from clinical
diagnosis is less frequent, at 2–10% [8]. In particular, the in-
volvement of the ipsilateral adrenal gland is 19% in the autopsy

Table 1 Results of patients undergoing laparoscopic adrenalectomy after previous radical/partial nephrectomy

No./sex Age (years) at presentation
of adrenal lesion

Stage/Fuhrman
grade

Previous Surgery
for RCC

HPR Diagnosis of adrenal lesion (months)
after primary treatment

Size of adrenal
lesion (cm)

1/M 63 pT1N0M0G2 Lt rad neph Clear cell 36 4 × 4

2/M 59 pT2N0M0G2 Lt rad neph Clear cell 58 4 × 5

3/M 57 pT1N0M0G3 Rt rad neph Clear cell 24 6 × 7

4/M 46 pT1aN0M0G2 Lt partial neph Clear cell 30 3 × 4

5/M 58 pT1aN0M0G3 Rt partial neph Clear cell 42 4 × 5

6/F 62 pT2N0M0G2 Rt rad neph Clear cell 60 4 × 4

7/M 54 pT3aN0M0G2 Lt rad neph Clear cell 36 5 × 4

8/M 64 pT1bN0M0G3 RT rad neph Clear cell 24 4 × 3

57.8 ± 5.4 38.7 ± 13.03

Fig. 2 a CT scan showing the right adrenal mass measuring 4 cm. b CT
scan showing the right adrenal mass superior to the right kidney
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and 5.5% in the surgical series, whereas the contralateral adrenal
is involved in up to 11% of the autopsy series, but with slightly
fewer than 60 cases reported as of 2003 [1, 2, 8, 9].

The adrenal glands are an uncommon site of metastases
from contralateral RCC. But controversy exists as to whether
adrenalectomy would improve survival. The pathological
mechanisms for secondary involvement of the contralateral ad-
renal gland are unknown. It is thought that the disease spreads
via hematogenous route as in the case of other organmetastases
[2]. Explanation of this fact can be a rich blood supply of the
adrenal gland and its high blood volume-to-unit weight ratio. It
has been speculated that the contralateral adrenal metastasis
occur as the adrenal gland has a higher affinity to the RCC cells
than other organ tissues. In another words, tumor cells reaching
the adrenal gland, the latter acts as a fertile soil and stimulates
the growth of these cells [2, 3]. In consistent with this theory,
some studies have shown that the adrenal metastases from the
contralateral primary RCC can grow to a considerable size
without metastasing to other organs [8].

Adrenal metastases are usually anatomically and function-
ally silent, and patients rarely have symptoms or signs of
adrenal insufficiency. Imaging during the follow-up period
remains the main means of diagnosing these lesions.
However, imaging studies usually cannot verify with certainty
that the adrenal masses detected in the patients previously
operated for RCC are metastases. It would be difficult to de-
termine whether the mass is a primary adrenal tumor (carci-
noma), a benign tumor (i.e., an adrenal cortical adenoma), or a
metastasis. The finding of solitary adrenal mass without ele-
vated serum adrenocortical hormones is strongly suggestive of
a metastatic lesion. Metastatic adrenal tumors are usually well
vascularized as compared with the adrenal cortical adenoma
or primary adrenal carcinoma. CT is a highly specific in diag-
nosing adrenal metastases. In 82% of cases reported in the
literature, contralateral adrenal metastases have been diag-
nosed by abdominal CT. Antonelli et al. [8] reported positive
and negative predictive value of CT as 73 and 96% in detect-
ing the adrenal metastases. Remarkably, the positive

Fig. 3 a Central portion tumor
proper consisting of clear cell
carcinoma of the kidney. b
Microscopic picture showing
capsule, adrenal gland, and tumor
in lower portion of the picture

Table 2 Outcomes of patients undergoing laparoscopic adrenalectomy

Patient no. Operating time
(min)

Blood loss
(cc)

Post-op hospital
stay (h)

Complications
(early)

Complications
(delayed)

Patient status dead
(months)

Patient status alive
(months)

1 140 40 36 – – 53

2 120 50 24 – – 65

3 90 40 36 – – 47

4 110 60 48 Prolonged ileus – 72

5 80 50 36 – – 37

6 80 50 48 – – 38

7 180 40 48 Post-op vomiting – 33

8 90 30 24 – – 12

111.2 ± 32.57 45 ± 8.6 37.5 ± 93
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predictive value of CT in diagnosing the contralateral adrenal
metastases was higher.

Several experts believe that favorable outcomes can be
achieved in patients with small, metachronous, and isolat-
ed metastases from renal-cell carcinoma and in whom a
complete resection can be achieved. Moreover, surgical
resection of metastases from renal-cell carcinoma remains
a valid option in the era of targeted molecular therapies,
especially as accumulating data show that complete re-
sponses are rare with these new agents [10, 11]. In pa-
tients with adrenal metastases after nephrectomy for RCC,
open adrenalectomy necessitates a large incision to gain
access for removal of a small gland. In addition to the
possible benefits of less pain and a quicker recovery, pa-
tients may be able to return to systemic therapy for mRCC
faster when using laparoscopic techniques compared with
open surgery. Laparoscopic adrenalectomy (LA) has been
considered the standard of care for patients with small
adrenal masses [11]. Abel et al. [11] reported on 54 con-
secutive patients who underwent LA. Adrenalectomy per-
formed either laparoscopically or by robotic-assisted lap-
aroscopy decreases the surgery-associated morbidity and
hospital stay.

Our study clearly shows that metachronous metastases
to the contralateral adrenal gland from RCC occur late
and are usually asymptomatic. They are identified on im-
aging procedures during follow-up. The metastases were
small and non-functioning in our series. Laparoscopic ad-
renalectomy seems to be the right option for these patients
as the operating time was short, blood loss was minimal,
and hospital stay was short. The procedure was associated
with minimal morbidity and none of the patients needed
conversion to open.

The available data on the outcome of the surgical treat-
ment of the contralateral adrenal metastases from RCC are
limited and controversial. Lau WK et al. [1] from the
Mayo clinic reported in 2003, that 82% of the metastases
were metachronous, diagnosed at the mean 4.2 years (0–
9.2 years) after the nephrectomy. The majority (62%) of
metastases developed on the left side. Abdominal CT was
the preferred method of diagnosis in the vast majority of
cases (82%) followed-up by arteriography (6%) and IVP
(2%) [12]. At the mean follow-up of 6.8 years (0.3–
14.3 years) 55% were alive without evidence of disease
and 34% were dead of disease. Surgical removal of the
adrenal gland was the only treatment used in these pa-
tients. None of the patients received any form of adjuvant
systemic therapy [12].

Conclusions

Solitary contralateral metachronous adrenal metastasis from
RCC is an extremely rare clinical situation that can occur late
after the primary treatment, i.e., radical/partial nephrectomy.
Increased application of imaging techniques has led to a more
efficient means of detecting these lesions. Aggressive surgery
remains a valid treatment option in these cases and help in
improving prognosis. Laparoscopic adrenalectomy is feasible,
safe, and associated with decreased morbidity and hospital
stay.
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Introduction Recto-urethral fistula (RUF) is a relatively rare surgical condition, the treatment of which is 
quite challenging. There are many causes of RUF, but 60% of them are iatrogenic following open pros-
tatectomies, radiotherapy, brachytherapy, urethral instrumentation etc. We present a series of six cases 
treated at our institution.
Material and methods A retrospective study of all six patients with recto-urethral fistula treated at our 
centre between 2011 and 2016 was performed. The study included charting of information like age, eti-
ology, clinical presentation, diagnostic modalities, treatment protocols, complications and recurrence. All 
the patients had simple direct fistulas with no previous history of repair. One patient had history of pelvic 
fracture following road traffic accident, one patient had a penetrating perineal injury following road traf-
fic accident; two patients had history of Freyer's prostatectomy for benign prostatic hypertrophy; two 
patients had history of open radical prostatectomy performed at other centres. All patients were treated 
with an initial double diversion (suprapubic cystostomy and colostomy) followed by definitive surgical 
repair three months later. The surgical technique used was fistula excision, urethral augmentation by buc-
cal mucosal graft, primary rectal defect repair and gracilis muscle flap interposition between the rectum 
and urethra.
Results The patients were followed up ranging from after 6 to 48 months with a mean follow-up period 
of 27 months. There were minimal complications such as main wound site infections, seroma at the har-
vested site of gracilis muscle flap, urethral stricture. There was no report of recurrence.
Conclusions From our experience, we conclude that this method of repair is a very efficient one without 
any recurrence and with minimal complications. The results were on par with all the other successful 
methods of recto-urethral fistula repair described in the literature.
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INTRODUCTION

Recto-urethral fistula (RUF) is a relatively uncom-
mon surgical condition (Figure 7) which requires 
complex and meticulous surgery. RUFs (recto-ure-
thral fistulas) are classified according to etiology by 
Culp and Calhoon [1] as follows a) congenital due to 
malformation of anus and urinary tract, b) iatrogenic  

Citation: Prabha V, Kadeli V. Repair of recto-urethral fistula with urethral augmentation by buccal mucosal graft and gracilis muscle flap interposition – our 
experience. Cent European J Urol. 2018; 71: 121-128.

following surgeries like open prostatectomy, radio-
therapy, brachytherapy, urethral instrumentation,  
c) traumatic, d) neoplastic, e) inflammatory. Of these, 
60% of RUFs are iatrogenic [2] and the majority are 
caused by radical prostatectomy [3, 4, 5].
RUFs are also reported after prostate cryosurgery, 
radiotherapy, chemotherapy, high intensity focused 
ultrasound therapy and transrectal hyperthermia  
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[6, 7, 8]. Common presentations of RUF are watery 
stools, fecaluria, pneumaturia [9, 10]. RUFs (can be 
diagnosed clinically with symptoms like fecaluria, 
pneumaturia, or urine leak from rectum. Digital 
rectal examination, proctoscopy and cystoscopy are 
some of the suggested modalities for diagnosis. MCU 
(micturating cysto-urethrogram) is suggested for 
all cases of suspected RUFs and passage of dye into 
rectum confirms the diagnosis [11–14]. Computed 
tomography (CT) cystogram is an additional and 
important diagnostic modality which is very useful 
during emergencies like traumatic cases. The aim of 
this study is to assess the outcome of this surgical 
technique on a long-term basis.

MATERIAL AND METHODS

A retrospective study of all six patients with recto-
urethral fistula treated at our centre between 2011 
and 2016 was performed. The study included charting 
of information like age, etiology, clinical presentation, 
diagnostic modalities, treatment protocols, complica-
tions and recurrence. A total of six patients presented 
to our hospital with clinical features suggestive of 
RUF. Diagnosis was confirmed by symptoms, per rec-
tal examination, MCU and cystoscopy. Two of the pa-
tients visited the emergency room with history of road 
traffic accident (RTA).
Case 1. This patient had a history of pelvic fracture 
with inability to pass a catheter through the urethra, 
for which supra pubic cystostomy was done. The 
patient presented with fecaluria and passing urine 
per rectum after 1 week. Digital rectal examination 
revealed a communication between the rectum and 
urethra. CT cystogram was done by pushing dye 
through the suprapubic cystostomy (SPC) into the 
bladder and there was passage of dye into the rec-
tum. Adiversion colostomy was done and the patient 
was reviewed after 3 months.The patient’s pelvis 
was stabilized before the definitive surgery.
Case 2. The second patient had a history of RTA 
(road traffic accident) with a penetrating injury  
in the perineum resulting in injury to the urethra 
and rectum. Suprapubic cystostomy and colostomy 
were done. Prophylactic tetanus immunoglobulin 
was given. Thorough wound cleaning was done and 
it was made sure there was no infection before per-
forming the definitive procedure. The patient was 
reviewed after 3 months.
Cases 3 and 4. Two patients had history of Freyer's 
prostatectomy performed for treatment of BPH  
at a different centre. The patients were referred 
to our hospital with complaints of watery diarrhea 
and fecaluria. Digital rectal examination and MCU 
(micturating cysto-urethrogram) confirmed the di-

agnosis. Suprapubic cystostomy and a diversion co-
lostomy was done and reviewed after 3 months for 
definitive surgery.
Cases 5 and 6. Two patients had history of radical 
prostatectomy for prostate cancer at different cen-
tres. Both patients had undergone suprapubic cys-
tostomy and a diversion colostomy. Spontaneous 
closure was not seen after 3 months and they were 
referred to our hospital.
In all six patients, excision of fistula, urethral aug-
mentation by buccal mucosal graft, closure of rectal 
defect in multiple layers and transposition of gracilis 
muscle flap between urethra and rectum was done.
Pre-operative instructions: All patients were advised 
to maintain good colostomy and SPC hygiene.

Surgical technique

All surgeries were performed by the same urologist. 
The patients were placed in the lithotomy position. 
Cystoscopy was done and the fistulous connection 
was visualized (Figure 1). All the fistulas were di-
rect and simple fistulas, measuring approximately 
1 cm in size and allowed the insertion of the beak  
of a 22 Fr cystoscope. A 0.35 guide wire was passed 
into the bladder through the cystoscope (Figure 2). 
Foley's catheter was guided over the wire.
An inverted 'Y' shaped incision was made over  
the perineum. The incision was deepened and all 
the layers, including Colles’ fascia, were incised. 
The perineal body was dissected and cut to create 
space between the rectum and urethra. The rectum 
was dissected while sparing the external sphincter. 
The urethra was mobilized anteriorly. An index  
finger was inserted into the rectum and the fistulous 
opening was felt. The fistulous opening was incised 
around the finger and the edges were freshened  
and sutured in two layers using 3-0 vicryl sutures. 
Simultaneously, the buccal mucosal graft was har-
vested from the inner cheek, sparing Stenson's duct. 
The buccal mucosal graft was placed over the ure-
thral defect and sutured using 3-0 vicryl sutures 
(Figures 3A & B).
Harvesting the gracilis muscle flap: A line was drawn 
on the inner thigh starting from the pubic tuber-
cle to the medial condyle of tibia. An incision was 
made 10 cm away and 3 cm below the pubic tubercle  
to conserve the main neurovascular bundle supplying 
the gracilis muscle. Three more incisions were made 
in between the first incision and the medial con-
dyle, at equal distances from each other (Figure 4).  
The tendinous insertion was divided and the muscle 
was separated from its insertion. The gracilis muscle 
was carefully dissected by dividing the small ves-
sels supplying the muscle and it was delivered out 
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A drain was kept at the harvested site and the incisions 
were sutured. The suprapubic catheter was removed af-
ter three days. The drain was removed after the wound 
was dry. Colostomy closure was done after 2 months. 
The urethral catheter was removed after 6 weeks.
Post-operative instructions: All patients were ad-
vised to maintain perineal hygiene and report imme-

from the proximal incision (Figure 5). The viability  
of muscle was tested by eliciting twitching after  
it was touched with a bipolar cautery. The muscle 
was rotated by 180 degrees and tunneled beneath 
the subcutaneous tissue and interposed between the 
rectum and urethra (Figure 8) and sutured to the 
pararectal tissues using 2-0 vicryl sutures (Figure 6).

Figure 1. Fistulous connection visualized through cystoscope.

Figure 3A. Buccal mucosal graft was placed on urethral defect. B. Shows the graft sutured to the urethral defect.

Figure 2. Guidewire passed into patient’s bladder.
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RESULTS

The patients were followed up ranging from 6 to 48 
months with a mean follow-up period of 27 months. 
There were minor complications such as main 
wound infection or seroma at the harvested site of 
gracilis in 4 patients and these were managed con-
servatively. One patient presented with poor urine 
stream 4 months after the repair and was diagnosed 
with proximal urethral stricture. Four patients de-
veloped erectile dysfunction soon after the inciting 
factors causing the RUF (2 traumatic, 1 radical pros-
tatectomy, 1 Freyer's prostatectomy). There was no 
improvement after the repair. It is important to note 
that erectile dysfunction was caused by the primary 
inciting factor and not the corrective surgery. There 
were no cases of anal stricture or urinary inconti-

Figure 4. Gracilis muscle was dissected by dividing the small 
vessels supplying the muscle through multiple incisions while 
preserving the neurovascular bundle. Figure 7. Shows the urethra and rectum and the fistulous con-

nection.

Figure 5. Gracilis muscle flap after division of tendon and 
delivered through proximal incision.

Figure 6. Gracilis muscle flap interposition between rectum 
and urethra by fixing it to para-rectal tissues.

diately if they experienced any symptoms like poor 
stream of urine, pneumaturia, or fecaluria.
The average operating time was 227 minutes and the 
average hospital stay was 11.16 days (Table 1).

Figure 8. Shows interposition of gracilis muscle flap between 
rectum and urethra.



nence. There was no recurrence of the fistula noted 
in any of our patients (Tables 2 & 3).

DISCUSSION

Spontaneous closures of small RUFs have been re-
ported following long-term urethral catheterization 
[15]. Spontaneous closures following double diversion 
have also been reported in war wounds [13] and post 
radical prostatectomies [15]. Currently, the widely ac-
cepted treatment protocol worldwide is double diver-
sion followed by definitive surgical repair [9, 16]. More 
than 40 surgical techniques have been described in 
the literature [17, 18, 19] which include transperineal, 
transanal, posterior para-rectal, transabdominal and 
transvesical, transphincteric and combined methods 
[20]. In 1969, a posterior parasacrococcygeal trans-
sphincteric approach was described which involved 
division of the sphincter (The York Mason procedure) 
[22]. The patient is placed in the prone jackknife posi-
tion. After incision and dividing the sphincter, the mu-
cocutaneous junction and both internal and external 
anal sphincters are marked by color-coded sutures to 
provide proper alignment and reconstruction at clo-
sure. The fistula is excised exposing the catheter in the 
prostatic urethra and the rectal wall is separated from 
the urinary tract by sharp dissection to allow sufficient 
mobilization. After closing the urethra, the rectum is 
sutured while making sure that the suture lines do not 
overlap each other with a ‘vest over pants’ technique. 
Parks et al. [39] described a fistula's repair by means  
of a full thickness flap of the anterior rectal wall 
through a transanal approach, with the aim to avoid 
any division of the sphincter mechanism. The rectal 
mucosa is excised laterally and distally to the rectal 
opening of the track, and the circular muscular layer 
of the rectum is denuded. Then, a flap of about four 
centimeters in length is harvested. The defect in the 
urethra is closed using interrupted absorbable sutures 
over the urethral catheter to prevent stenosis. The rec-
tal flap is advanced over the fistula and sutured to the 
rectal wall with interrupted absorbable sutures. Pera 
et al. [27] reported 100% cure rates in 5 patients after 
the York Mason procedure. Since this method involves 
the division of sphincters, rectal incontinence has 
been reported. Five to seven % of patients treated by 
this procedure also developed recto-cutaneous fistulas 
[28]. A posterior saggital approach was also described 
by Kraske without the division of sphincters, however 
this technique is not very popular.
The perineal approach was first described by Young 
in 1917 where he dissected the rectum away from 
sphincters, divided the fistula, closed the urethra, 
and mobilized the rectum further cephalad in such  
a way as to pull the affected rectum caudad out of the 
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Table 1. The duration of surgery, hospital stay and amount  
of blood loss 

Table 2. Retrospective chart of patients’ profiles

Case Duration  
of surgery Blood loss Duration  

of hospital stay

Case 1 248 min <500 ml 14 days

Case 2 210 min <500 ml 14 days

Case 3 189 min <500 ml 8 days

Case 4 245 min <500 ml 12 days

Case 5 196 min <500 ml 9 days

Case 6 278 min <500 ml 10 days

Mean 227 min Mean 11.16 days

Sl. No. Age Etiology Complications Follow up Recurrence

1. 29 Pelvic fracture

Main wound 
infection and 
stricture urethra 
and erectile 
dysfunction

48 months Nil

2. 36 Penetrating 
injury

Wound infection 
and erectile 
dysfunction

36 months Nil

3. 66 Freyer’s  
prostatectomy

Seroma at gracilis 
muscle flap 
harvested site

36 months Nil

4. 68 Freyer’s  
prostatectomy

Wound infection 
and seroma 
at gracilis flap 
harvested site 
and erectile 
dysfunction

24 months Nil

5. 62 Radical  
prostatectomy

Erectile 
dysfunction 12 months Nil

6. 64 Radical  
prostatectomy Wound infection 6 months Nil

Table 3. The duration of surgery, hospital stay and amount  
of blood loss 

Complications Number Management Outcome

Main wound infection 2 (case 1 
and 6)

Cleaning 
and dressing Improved

Seroma at site of harvest 
of gracilis flap 1 (case 3) Cleaning 

and dressing Improved

Main wound infection 
and seroma at harvest 
site of gracilis

1 (case 4) Cleaning 
and dressing Improved

Stricture urethra 1 (case 1)

Cystoscopic 
dilatation done 
and advised  
clean intermit-
tent catheteriza-
tion once a day

Improved

Erectile dysfunction 4 (case 1, 
2, 4, 5) PDE5 inhibitors Not improved



anus where it was then transected and discarded, su-
turing the proximal rectum to the anal skin. A large 
series of RUF repair by this method was reported by 
Goodwin in 1958 [21].
There have been reports of commercial fibrin seal-
ant (Quixil) with anterior mucosal flap with no re-
currence [24] and fibrin sealant injection with 70% 
cure rates [25, 26]. In 1979, Ryan et al. described the 
technique of gracilis muscle interposition [23]. Other 
alternatives that have been used are omentum, scro-
tal flap, levator ani muscles, gluteus muscle, fibrin 
glue etc. We preferred the gracilis muscle because  
of the ease of dissection with intact blood supply and 
relatively smaller muscle thickness; a gracilis muscle 
flap is ideal in this smaller operative field.

CONCLUSIONS

RUF being a rare condition does not have a well-
established protocol for diagnosis and treatment. 
However, there have been many reports by surgeons 
who have used different methods of repair with vary-
ing degrees of success (Table 4). In the present study, 
we propose this method of repair as a very efficient 
method with a defined protocol of double diver-
sion followed by definitive repair. As urologists are 
well versed with the perineal anatomy, this method 
is easier to perform than other methods described  
in literature (Table 5). Though our study shows 
a 100% success rate with this method, use of this 
method on a larger number of RUF patients needs 
to be analyzed.

Limitations of our study

Our study included six patients. This method of re-
pair should be applied to a larger group of patients 
with recto-urethral fistulas.
The present study did not include patients with post 
radiation recto-urethral fistulas.
Further use of autologus cells cultivated by tissue en-
gineering would be the ideal treatment in the future.
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Table 4. Meta-analysis of various techniques described by surgeons and their success rates

Surgeon Number of patients Approach Graft Closure technique Success rate

Pera et al. [27] 5 York mason Nil Layer to layer 100%

Crippa et al. [2] 5 York mason Nil Layer to layer 100%

Dafnis et al. [29] 1 York mason Nil Layer to layer 100%

Kasraeian et al. [30] 12 Modified York mason procedure Nil Layer to layer 100%

Spahn et al. [31] 4 Transperineal Buccal mucosa Mucosal patch 75%

Zmora et al. [32] 2 Transperineal Gracilis muscle Layer to layer 100%

Ghoniem et al. [33] 10 Transperineal Gracilis muscle flap Rectal flap 100%

Culkin and Ramsey [34] 3 Transperineal De-epithelised scrotal flap Y-V plasty 100%

Quazza et al.  [35] 2 Transperineal Omental flap mobilized 
laparoscopically Layer to layer 100%

Youseffet al. [36] 2 Transperineal Dartos-pedicled Flap Layer to layer 100%

Wilbert et al. [37] 2 Transperineal Fibrin glue Layer to layer 100%

Abdalla [38] 1 Posterior sagittal pararectal with 
rectal mobilization Gluteus muscle flap Layer to layer 100%

Present study 6 Transperineal Gracilis muscle flap Layer to layer 100%

Table 5. Pros and cons of single vs. double diversion vs. gracilis 
interposition in small fistulas

Technique Pros Cons

Single diversion 
(ileal/colonic) Less morbidity

High chances of failure  
if per urethral catheter  
is blocked in the  
post-operative period

Double diversion

Good option for  
surgically unfit patients,  
contaminated  
penetrating wounds

High morbidity

Gracilis interposition High success rates Challenging procedure
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Case Report

Retained Double J Stent with Huge Renal
and Bladder Calculi Extracted by Percutaneous

Nephrolithotomy and Percutaneous
Cystolitholapaxy in a Single Encounter
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Abstract

We report a case of retained Double J ureteral stent with huge, multiple calculi at both ends in a 10-year-old
female child. The renal and bladder calculi were managed by percutaneous nephrolithotomy and percutaneous
cystolitholapaxy in a single sitting.

Keywords: postoperative complications, risk management, ureter

Introduction

Management of upper urinary tract calculi has
evolved dramatically in children in the past few de-

cades. This progress has been possible solely by adopting and
applying adult endourologic methods in the management of
pediatric stone disease. The most important catalyst in the
evolution of surgical advancement has been with develop-
ment of smaller and more durable endoscopic equipment.
This advance has allowed easier endourologic treatment in
children at an earlier age.1

Initially, urologists were reluctant to perform percutane-
ous nephrolithotomy (PCNL) in children because of several
concerns, which included the use of large instruments in pe-
diatric kidneys, parenchymal damage, associated effects on
renal function, radiation exposure with fluoroscopy, and risks
of major complications, including sepsis and bleeding. Poten-
tial sequela of hypothermia (i.e., coagulopathy) from prolonged
exposure to irrigation was also a deterrent to performing PCNL
in children. Today PCNL is used either as a monotherapy or in
combination with shockwave lithotripsy SWL (sandwich
therapy) in children to achieve stone-free rates ranging from
68% to 100%.1,2 Although there is no current international
consensus, relative indications for PCNL as a primary treat-

ment modality in children include large upper tract stone bur-
den (>1.5 cm), lower pole calculi larger than 1 cm, concurrent
anatomic abnormality impairing urinary drainage and stone
clearance, or known cystine or struvite composition.3 We re-
port on a child with a retained Double J (DJ) ureteral stent with
both renal and bladder calculi treated with PCNL and PCCL
(percutaneous cystolithotripsy) in a single sitting.

Case Report

A 10-year-old female child presented with pain in the left
flank of 2 months duration. She was a known case of urolithiasis
and had undergone left-sided ureteroscopy/extraction of ureteral
calculi/DJ stent insertion 2 years prior. The child and her parents
did not follow up with her previous urologist, despite being made
aware of the DJ stent removal. Plain X-ray kidney, ureter and
bladder (KUB) revealed the presence of a DJ ureteral stent on the
left side with multiple calculi on both the sides, that is, bladder
and kidney (Fig. 1). Serum creatinine was 0.5 mg% and hemo-
globin was 10.4 g%. Plain CT revealed multiple renal calculi on
the left side, the largest measuring 2.7 · 1.7 cm, with multiple
bladder calculi, the largest measuring 3.8 · 1.3 cm (Fig. 2).

It was decided to tackle the stones in one sitting. Under
cover of injectable antibiotics and under general anesthesia,

1Department of Urology, KLE University’s JN Medical College, KLES Kidney Foundation, KLES Dr. Prabhakar Kore Hospital &
M.R.C., Karnataka, India.

2Department of Biotechnology and Microbiology, Karnatak University Dharwad, Karnataka, India.
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the child was placed in supine position. PCCL was per-
formed using a 24F nephroscope and pneumatic lithotripter.
Once the bladder calculi were extracted, the child was po-
sitioned in the prone position. PCNL was performed using
an 18F amplatz and 16F pediatric nephroscope. All the
stones were extracted along with the retained DJ stent
(Fig. 3). A new 4.5F DJ was inserted along with a 12F
nephrostomy catheter. The total operating time was 240
minutes. and blood loss was <50 mL. After surgery, the
child was placed in supine position and it was noticed that
the child’s abdomen was distended. Intraoperative ultraso-
nography revealed collection of fluid in the peritoneal
cavity. A small intraperitoneal drain was introduced and
connected to a collection device. Postoperatively the child
had an uneventful recovery. The intraperitoneal drain was
removed after 48 hours, nephrostomy after 24 hours, su-
prapubic cystostomy after 72 hours, and perurethral catheter
after 5 days. The child did not require any blood transfu-
sions. Postoperative plain KUB showed no evidence of re-
sidual calculi.

Discussion

Urinary lithiasis affects between 5% and 10% of the hu-
mans during their lifetime, 2%–3% of them being children.2

There is a wide epidemiologic variation in relation to pedi-
atric urolithiasis in developed and the developing nations,
with a prevalence of 1%–5% to 5%–15%, respectively.2

Management of stone disease in children necessitates com-

plete stone clearance, eradication of urinary infection, and
appropriate correction of any underlying metabolic or ana-
tomical abnormalities.2

Since their introduction into clinical use, DJ ureteral stents
have been widely used in urologic practice. DJ ureteral stents
have been used to establish or improve drainage in cases of
extrinsic or intrinsic obstruction of urinary passage. They
have also been placed after iatrogenic injuries to the ureter
and prophylactically in complex urinary tract reconstructive
surgeries. Over the decades, technological improvements in
stent design and stent biomaterials have greatly minimized
patient discomfort. As a result, DJ stents have been left in
place for a longer duration of time, and it is possible that the
patient and the treating physician may forget their presence.
These forgotten or retained ureteral stents could lead to
various complications such as stent migration, stent occlu-
sion, breakage, encrustation, and stone formation.4 Despite
improved design and biomaterial used, encrustation remains
one of the most important side effects. Encrustations are most
frequently noted in forgotten/retained DJ stents, which remain
indwelling for a long period of time.4

Nerli et al.4 reported on a total of 14 children who under-
went removal of forgotten/retained DJ ureteral stents. A
combination of SWL, cystolithotripsy, and PCNL was done
to free the DJ stent and extract it. The authors felt that for-
gotten/retained stents in children are a source of severe
morbidity, additional/unnecessary hospitalization, and defi-
nitely a financial strain. In this case, the child developed huge
and multiple stones on both ends of the retained DJ stent,

FIG. 1. Plain X-ray kidney, ureter and bladder (KUB)
showing retained Double J (DJ) stent on left side along with
renal and vesical calculi.

FIG. 2. Plain CT showing retained DJ with renal and
vesical stone.
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needing to undergo prolonged surgery. A forgotten or retained
ureteral stent is a preventable event, and the literature is abun-
dant with reports of forgotten DJ stents. The reason for ureteral
stents being forgotten is because of failure on the part of the
treating surgeon to counsel the patient or the parents in the case
of children. To overcome the issue of forgotten stents, mainte-
nance of stent registry has been suggested. An automated in-
formation system mounted on a mobile app would be useful to
remind the patient/parent/guardian regarding stent removal.
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Introduction

A deviated nasal septum (DNS) is the most common cause 
of nasal obstruction. It leads to mouth breathing, snoring 
and external nasal deformity. It also influences the airflow 
dynamics of the nasal cavity and improper aeration of para-
nasal sinuses leading to sinusitis. Due to airflow changes, 
compensatory hypertrophy of the nasal mucosa on concave 
side is often found [1–4]. Other changes which are seen due 
to altered air flow dynamics are disturbed mucociliary dys-
function, lymphocytic infiltration and squamous metapla-
sia. Although these changes are seen on both sides of nasal 
mucosa, but are more severe on concave side [5–9]. All 
these changes can be avoided by surgically correcting DNS.

With this background, we carried out a prospective ran-
domised study to determine the influence of DNS on nasal 
epithelium.

Materials and Methods

This study was approved by the institutional research ethics 
committee and prior written informed consent was taken 
from all the patients.

The prospective randomized study was conducted on 42 
patients (27 males and 15 females) between 16 and 60 years 
with symptomatic deviated nasal septum from the inpatient 
department of Otorhinolaryngology, KLES Dr. Prabhakar 
Kore Hospital and Medical Research Center, Belagavi.

Inclusion criteria were as follows:

• Patients with symptomatic deviated nasal septum
• Patients who are willing to undergo septoplasty

Exclusion criteria were as follows:

Abstract Nasal obstruction is one of the most common 
complaint that ENT surgeon faces in his day to day practice. 
Deviated nasal septum is the most common cause for the 
nasal obstruction. It causes altered airflow dynamics which 
leads to various histopathological changes in nasal mucosa.
Histopathological changes like lymphocytic infiltration and 
squamous metaplasia were studied and comparison was 
done between convex and concave side. A prospective ran-
domized study conducted on 42 patients of deviated nasal 
septum from January 2015 to December 2015 selected 
from inpatient department of Otorhinolaryngology, KLES 
Dr. Prabhakar Kore Hospital and Medical Research Center, 
Belagavi. This study determined significantly higher rate of 
squamous metaplasia and lymphocytic infiltration in sep-
tal mucosa on concave side when compared with convex 
side. Furthermore, there was increased lymphocytic infil-
tration and squamous metaplasia in lateral wall mucosa on 
concave side as compared to convex side but the difference 
was not statistically different. Deviated nasal septum pre-
disposes the nasal epithelium to chronic inflammation and 
squamous metaplasia as a result of altered airflow. Due to 
changes in pathophysiology the patient is more susceptible 
to chronic rhinitis/rhinosinusitis.
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• Patients having upper respiratory tract infection or 
sinusitis in previous 2 months

• Patients clinically diagnosed with allergic rhinitis based 
on symptoms as skin prick test was not done

• Patients with vasomotor rhinitis
• Patients with previous history of having undergone 

endonasal surgery
• Patients on medications such as nasal steroids, nasal 

sprays.
• Patients with any other nasal ailments

All the patients fulfilling inclusion criteria were included 
in the study and mucosal biopsy samples were obtained 
from the following sites (prior to septoplasty):

• Septum at the most deviated point on the convex side
• The corresponding area on the concave side
• Both inferior turbinates from anterior end
• Both middle turbinates from anterior end

These biopsy samples were placed in formaldehyde. 
After fixing them on paraffin blocks they were cut into 
3 µm slices and later stained with hematoxylin–eosin.

The slides were observed under a light microscope at 
40× magnification power. The density of lymphocytic infil-
tration was noted and grading was done as follows:

• Grade 0: No lymphocytes
• Grade 1: 1–2 lymphocytes in the field
• Grade 2: Sparse lymphocytes in all areas
• Grade 3: Diffuse and intense lymphocytic infiltration 

(Fig. 1)

Presence or absence of squamous metaplasia was also 
noted (Figs. 2, 3).

Each case was numbered as Case 1 to Case 42 and blind-
ing was done to prevent observer bias.

Statistical analysis was done using SPSS software ver-
sion 16 for windows.

Results

All the 42 patients included in this study had septal devia-
tion either on left or right side, i.e. 20 (47.6%) had devia-
tion towards left, 22 (52.4%) patients had deviation towards 
right and none of the patients appeared with deviation on 
both sides.

In patients with Left side DNS:

• Concave and convex sides showed statistically sig-
nificant difference in the presence of squamous meta-
plasia in the septal mucosa with concave side affected 
more than the convex side (McNemar test, p = 0.004) 
(Tables 1, 2).

• Presence of squamous metaplasia in lateral nasal wall 
(Inferior turbinate and Middle turbinate) mucosae 

Fig. 1  Microscopic picture of nasal mucosa. Epithelium is partly 
ulcerated, subepithelial tissue shows few mucosal glands and dense 
lymphocytic infiltration—Grade 3 (arrow)

Fig. 2  Microscopic picture showing nasal mucosa partly lined by cil-
iated columnar epithelium (thin arrow) and partly showing squamous 
metaplasia (thick arrow)

Fig. 3  Microscopic picture of nasal mucosa. Epithelium is ulcerated, 
subepithelial tissue shows lymphocytic infiltration—Grade 2 with 
granuloma (arrow) (H&E, ×100)
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between concave and convex side wasn’t significantly 
different (McNemar test, p = 1).

• The intensity of lymphocytic infiltration in the septal 
mucosa on concave side was higher than on the convex 
side and the difference between the two was statistically 
significant (McNemar test, p < 0.001) (Tables 3, 4).

• The intensity of lymphocytic infiltration in inferior tur-
binate mucosa on the convex side was not significantly 
different from that of inferior turbinate mucosa on con-
cave side (McNemar test, p = 0.227).

• The intensity of lymphocytic infiltration in middle tur-
binate mucosa on the convex side was not significantly 
different from that of middle turbinate mucosa on con-
cave side (McNemar test, p = 0.065).

In patients with Right side DNS:

• The presence of squamous metaplasia in the septal 
mucosa on concave side was higher than the convex side 
and the difference between the two was statistically sig-
nificant (McNemar test, p = 0.001) (Table 5).

• Squamous metaplasia in lateral nasal wall (Inferior tur-
binate and middle turbinate) mucosae on convex side 
was not significantly different from that on concave side 
(McNemar test, p = 1).

• The intensity of lymphocytic infiltration in septal 
mucosa on the convex side was not significantly dif-
ferent from that of the septal mucosa on concave side 
(McNemar test, p = 0.227).

• The intensity of lymphocytic infiltration in inferior tur-
binate mucosa on the convex side was not significantly 

Table 1  Finding of squamous metaplasia in nasal mucosa

Squamous 
metaplasia

Septal mucosa on convex side 3
Septal mucosa on concave side 23
Inferior turbinate mucosa on convex side 1
Inferior turbinate mucosa on concave side 8
Middle turbinate mucosa on convex side 2
Middle turbinate mucosa on concave side 3

Table 2  Comparison between presence of squamous metaplasia in 
septal mucosa on the convex side and concave side in patients with 
left side DNS (McNemar test)

Left DNS Septal mucosa on the convex 
side

Normal Squamous 
metaplasia

Septal mucosa on concave side
 Normal 10 0
 Squamous metaplasia 9 1 p = 0.004
 Total (n = 20) 19 1

Table 3  Finding of 
lymphocytic infiltration in nasal 
mucosa

Lymphocyte infiltration

Grade 0 Grade 1 Grade 2 Grade 3

Septal mucosa on convex side 7 19 15 1
Septal mucosa on concave side 0 8 28 6
Inferior turbinate mucosa on convex side 8 19 13 2
Inferior turbinate mucosa on concave side 1 23 14 4
Middle turbinate mucosa on convex side 11 15 12 4
Middle turbinate mucosa on concave side 3 11 22 6

Table 4  Comparison of intensity of lymphocytic infiltration between 
septal mucosa on the convex side and concave side in patients with 
left side DNS (McNemar test)

a The statistical analysis was done by combining Grade 0 with Grade 
1 and Grade 2 with Grade 3 as the numbers in cells were few

Left DNS Lymphocytic infiltration in septal 
mucosa on the convex  sidea

Grade 0, 1 Grade 2, 3

Lymphocytic infiltration in septal mucosa on concave  sidea

 Grade 0, 1 4 0
 Grade 2, 3 13 3 p < 0.001
 Total (n = 20) 17 3

Table 5  Comparison between presence of squamous metaplasia in 
septal mucosa on the convex side and concave side in patients with 
right side DNS (McNemar test)

Right DNS Septal mucosa on convex 
side

Normal Squamous 
metaplasia

Septal mucosa on the concave side
 Normal 9 0
 Squamous metaplasia 11 2 p = 0.001
 Total (n = 22) 20 2
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different from that of inferior turbinate mucosa on con-
cave side (McNemar test, p = 0.727).

• The intensity of lymphocytic infiltration in middle tur-
binate mucosa on the convex side was not significantly 
different from that of middle turbinate mucosa on con-
cave side (McNemar test, p = 0.180).

Discussion

Septal deviation can cause symptoms such as nasal 
obstruction, mouth breathing with variable symptoms such 
as headache and olfactory disorders. Dynamic air flow in 
the nasal cavity is affected by the degree, localization and 
shape of deviation of the nasal septum.

The amount of, and resistance to, air flow in the nasal 
cavity of a patient with nasal septal deviation are different 
[10]. This leads to compensatory hypertrophy of the nasal 
mucosa on the concave side [1, 11]. Septal deviations play 
an important role in the aetiology of diseases of paranasal 
sinuses as incidences of sinusitis, osteomeatal complex 
obstruction and mucociliary dysfunction also increases 
[12–15].

In the present study, presence of squamous metaplasia 
was significantly higher in septal mucosa on concave side 
as compared to the convex side in both left and right sided 
DNS patients. Similar finding was seen in another study but 
the difference between convex and concave side was not 
statistically significant [9].

The presence of squamous metaplasia in lateral nasal 
wall (inferior and middle turbinate) mucosa on the con-
vex side was not significantly different from the concave 
side. Similar result was seen in another study conducted by 
Kamani et al. [9].

In the present study, intensity of lymphocytic infiltra-
tion in patients with left sided DNS was more in the septal 
mucosa on the concave side and the difference was statisti-
cally significant. Whereas in patients with right side DNS 
lymphocytic infiltration was more in the septal mucosa on 
the concave side but the difference was not statistically sig-
nificant. The exact mechanism for this for this occurrence 
is not understood, but it may be that a spontaneous inflam-
matory process not related to allergy or infection may be 
brought about in the more open nasal cavity by increased 
air flow.

In a similar study by Jang et  al. [8] higher number of 
infiltrating inflammatory cells were seen in the concave 
side septal mucosa as compared to the convex side of sep-
tal mucosa and the difference was statistically significant. 
However, they obtained specimen 2 cm posterior to nostril 
and 1.5  cm inferior to nasal dorsum; in the present study 
specimen was taken from the most convex part of septum 
and its opposite side. Therefore, our specimen may more 

markedly show the effect of septal deviation on histopa-
thology, compared to theirs.

In another study by Kamani et  al. [9], they compared 
both sides of deviated septal mucosa in terms of lympho-
cytic infiltration and found increased lymphocytic infiltra-
tion in septal mucosa on concave side but this difference 
was not statistically significant. Similarly, Mariappan et al. 
[5] found more prominent infiltration of inflammatory cells 
in the concave side septal mucosa as compared to the con-
vex side but was not statistically significant.

The intensity of lymphocytic infiltration in lateral nasal 
wall (inferior and middle turbinate) mucosa was higher on 
the concave side as compared to the convex side but the 
difference between the two was not statistically signifi-
cant. Similar result was seen in another study conducted by 
Kamani et al. [9].

This study has its own limitation as this is not a case 
control study hence, further studies are required with larger 
sample size for better understanding of this entity.

Conclusion

The results of our study suggest that nasal septal deviation 
leads to histopathological changes in nasal mucosa in the 
form of lymphocytic infiltration and squamous metaplasia. 
These changes influence both sides of the nasal mucosa 
but have been found to be more severe on the concave 
sideas compared to convex side. Deviated nasal septum 
predisposes the nasal mucosa to chronic inflammation and 
squamous metaplasia, both of these changes may predis-
pose a patient to increased incidence of chronic rhinitis/
rhinosinusitis.
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a b s t r a c t

Background: Rotavirus remains the leading cause of diarrhoea among children <5 years. We assessed
immunogenic non-inferiority of a tetravalent bovine-human reassortant rotavirus vaccine (BRV-TV) over
the licensed human-bovine pentavalent rotavirus vaccine RV5.
Methods: Phase III single-blind study (parents blinded) in healthy infants randomized (1:1) to receive
three doses of BRV-TV or RV5 at 6–8, 10–12, and 14–16 weeks of age. All concomitantly received a licensed
diphtheria, tetanus, pertussis, hepatitis B, Haemophilus influenzae type b conjugate vaccine (DTwP-HepB-
Hib) and oral polio vaccine (OPV). Immunogenic non-inferiority was evaluated in terms of the inter-group
difference in anti-rotavirus serum IgA seroresponse (primary endpoint), and seroprotection/seroresponse
rates to DTwP-HepB-Hib and OPV vaccines. Seroresponse was defined as a �4-fold increase in titers from
baseline to D28 post-dose 3. Non-inferiority was declared if the difference between groups (based on the
lower limit of the 95% confidence interval [CI]) was above �10%. Each subject was evaluated for solicited
adverse events 7 days and unsolicited & serious adverse events 28 days following each dose of vaccination.
Results: Of 1195 infants screened, 1182 were randomized (590 to BRV-TV; 592 to RV5). Non-inferiority for
rotavirus serum IgA seroresponse was not established: BRV-TV, 47.1% (95%CI: 42.8; 51.5) versus RV5,
61.2% (95%CI: 56.8; 65.5); difference between groups,�14.08% (95%CI: �20.4; �7.98). Serum IgA geomet-
ric mean concentrations at D28 post-dose 3 were 28.4 and 50.1 U/ml in BRV-TV and RV5 groups, respec-
tively. For all DTwP-HepB-Hib and OPV antigens, seroprotection/seroresponse was elicited in both groups
and the�10% non-inferiority criterion between groups was met. There were 16 serious adverse events, 10
in BRV-TV group and 6 in RV5 group; none were classified as vaccine related. Both groups had similar vac-
cine safety profiles.
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Conclusion: BRV-TV was immunogenic but did not meet immunogenic non-inferiority criteria to RV5
when administered concomitantly with routine pediatric antigens in infants.

� 2017 Published by Elsevier Ltd.

1. Introduction

Rotavirus infection remains the leading cause of diarrhoea
among infants and children under the age of five years [1]. In
2010, diarrhoea mortality was estimated at 1.24 million deaths
and in 2013, this estimate was updated to 752,000 diarrheal deaths
among children <5 years of age. [2]. In the multicenter global
enteric study (GEMS) conducted in 7 countries in sub-Saharan
Africa and south Asia, the estimated incidence of moderate-to-
severe diarrhoea was highest in India [3]. It is estimated that each
year in India, rotavirus causes 78,500 deaths, 872,000 hospitaliza-
tions, and over 3.2 million outpatient visits in children under 5
years of age; 59,336 deaths occur in the first two years of life [4].

Two rotavirus vaccines (RVs) were licensed internationally in
2006: a human monovalent vaccine, RV1, and a human-bovine
pentavalent vaccine, RV5. Rotavirus vaccination has been increas-
ingly incorporated into national programs worldwide since recom-
mendation by the WHO in 2009 [5]. To date, 81 countries have
introduced a RV in their national immunization program [6].

Vaccine efficacy studies with RV1 and RV5 having clinical end-
points have shown high levels of efficacy in developed countries of
Europe, and Americas (ranging from approximately 70% to over
90% reduction in severe RVGE), and slightly lower efficacy (about
52%–64%) in low-income countries of Asia and Africa [7–11].
Despite lower efficacy, in low-income countries with a high back-
ground rate of disease, these vaccines may prevent a large number
of severe rotavirus gastroenteritis events [12].

The investigational vaccine BRV-TV was reported to be safe and
immunogenic in a dose ranging study carried out in 100 healthy
infants [13].

With increasing adoption of the rotavirus vaccines in national
immunization programs across the world, planning and executing
placebo-controlled efficacy studies for licensure poses unique ethical
and regulatory challenges. An active controlled efficacy study
requires a much larger study population, is therefore logistically
challenging and costly. For products under development in such a
regulatory and ethical environment, it is important to explore alter-
native approaches to trial and determine whether a study that uti-
lizes the proposed immune surrogates of efficacy (serum IgA
antibodies) could generate the evidence towards licensure of a rota-
virus vaccine. If possible this would be a relatively simpler and cost-
effective regulatory pathway which could form the basis of licensure
for the rotavirus vaccines currently in development [13].

There is no established correlate of protection for rotavirus
infection, despite existing data from various large-scale statisti-
cally powered phase III efficacy studies [9–11]. Neither are there
data from head-to-head comparisons between investigational
rotavirus vaccine and a locally licensed rotavirus vaccine in terms
of immune non-inferiority using serum IgA antibody levels. We
undertook the current phase III trial to determine whether BRV-
TV is immunogenically non-inferior to the locally licensed RV5 vac-
cine in terms of serum IgA anti-rotavirus antibody response, when
administered concomitantly with routine pediatric antigens.

2. Methods

2.1. Subjects and study design

This was a multicenter, controlled, randomized, parallel arm,
single-blind study (with parents blinded), conducted in healthy

infants. This study was carried out at 12 different clinical trial sites
attached to Medical Schools across India. Enrolled infants were
randomized (1:1) to two groups to receive 3 doses of BRV-TV or
RV5 at 6–8, 10–12 and 14–16 weeks of age. A total of 1182 subjects
meeting protocol required inclusion and exclusion criteria were
enrolled in this study. Paper based randomization sheets were cre-
ated using permuted block and stratified by centers. All infants
received routine pediatric vaccines concomitantly with BRV-TV
or RV5 doses, as described below.

The study was conducted according to the Code of Ethics of the
World Medical Association (Declaration of Helsinki), GCP guideli-
nes issued by the Central Drug Standards and Control Organisation,
India and the ethical guidelines by Indian Council of Medical
Research. Independent Ethics Committee/Institutional Review
Board clearance was obtained before initiation of the study at each
study center. The study was formally registered under the Clinical
Trials Registry – India with a registration number of
CTRI/2014/08/004893. A written informed consent was obtained
from parents/ guardians of all participants prior to the study.

2.2. Vaccines

The investigational vaccine (BRV-TV) used in the study was a
live attenuated tetravalent (G1, G2, G3 and G4) bovine-human reas-
sortant rotavirus vaccine (ready to administer liquid formulation –
Batch Number RTP002A13). The product was a single-component
product containing a mixture of Rotavirus (tetravalent) vaccine
strains, excipients and buffer. The vaccine contains four virus sero-
types of G1, G2, G3 and G4 at equal titer of 6.1 log10 FFU/SHD per
serotype in Minimal Essential Medium, formulated with stabilizers
GSS (Gelatin and Sorbitol) and CPS (Citrate, Phosphate and sucrose).
The active comparator RV5 (RotaTeqTM; Merck Vaccines, White-
house Station, NJ, USA) contained five live human bovine reassor-
tant viruses which have a minimum of 2.0–2.8 � 106 infectious
units (IU) per reassortant dose, depending upon the serotype (Batch
Numberwas KOO1743). Both RVs were given as three doses, 2.0 mL
each, administered orally with a minimum 28 days interval
between each dose (Day 0, Day 28 and Day 56) at age 6–8, 10–12
and 14–16 weeks. All infants concomitantly received a combined
diphtheria, tetanus, whole-cell Bordetella pertussis, hepatitis B and
Haemophilus influenzae type b (DTwP-HepB-Hib) pentavalent vac-
cine (Pentavac SD; Serum Institute of India, Pune, India) intramus-
cularly and trivalent oral polio vaccine (OPV; Primopol, Panacea
Biotech Limited, New Delhi, India).

2.3. Assessment of immunogenicity

Sera from infants were obtained from blood samples drawn on
day 0 (prior to vaccination) and 28 days after the third dose of vac-
cination. Serum IgA antibodies against rotavirus were measured by
a sandwich enzyme-linked immunosorbent assay (ELISA), which
was performed, and previously adapted, standardized and vali-
dated, at the Department of Gastrointestinal Sciences, Christian
Medical College, Vellore, India. The lower limit cut-off for the assay
was 7 units/mL. Dilution corrected titers were reported for results
that fell outside the quantifiable range [13,14]. A rotavirus IgA
seroresponse was defined as an increase in antibody titers of 4-
fold or greater from baseline to 28 days post-dose 3. Percentages
of infants with an IgA seroresponse were reported with 95% confi-
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dence intervals (CIs) for evaluation of non-inferiority. Geometric
mean concentrations (GMCs) were reported for all antibodies mea-
sured in each group.

Antibody responses to DTwP-HepB-Hib and OPV routine pedi-
atric vaccines were measured by ELISAs carried out at Quest Diag-
nostics, Gurgaon, India, using commercial kits, for each vaccine
antigen as follows: anti-tetanus toxoid (T) (IBL International, Ger-
many), anti-diphtheria (D) (Novatech, UK), whole cell pertussis
(wcP) (Novatech, UK), hepatitis B (HB) (Ortho Clinical Diagnostics,
UK) and Haemophilus influenzae type b polysaccharide (PRP � T)
(Binding Site, UK). A poliovirus microneutralization assay (Focus
Diagnostics, USA), developed and validated according to the
WHO/EP/GEN/93.9 Guidelines for WHO/EPI Collaborative Studies
on Poliomyelitis [15], was used to detect antibodies to poliovirus
(Sabin strains 1,2,3). Seroprotection against polio antigens was
defined by the detection of neutralizing antibody titers. The lower
limit of detection was 8 (1/dil). Antibody titers were measured in
triplicate and the median reported.

2.4. Assessment of reactogenicity and safety

Infants were assessed for any immediate solicited or unsolicited
adverse events or reactions, occurring up to 30 min following vac-
cination. Parents and guardians were provided with a thermometer
and diary cards (DC) to record their child’s axillary temperature
and any adverse event daily up to 28 days after each dose. Par-
ents/guardians were invited to bring their infants to the study site
on Days 7 and 28 after each vaccine dose for safety assessment;
they were additionally instructed to bring their infants to the study
site in case of development of any adverse event. The occurrence of
any serious adverse event (SAE) was recorded for the entire dura-
tion of the study. The physician assessed whether the SAE was con-
sidered related to study vaccination. An independent data safety
monitoring board (IDSMB) periodically reviewed the safety data
subsequent to each dose of vaccine.

2.5. Statistical analyses

The primary endpoint of non-inferiority was first assessed in
the per protocol analysis set (PPAS), consisting of infants who
received all 3 doses and completed the study as per protocol
requirement and confirmed on the full analysis set (FAS), contain-
ing all infants who received at least one dose of the study vaccine.
The null hypothesis for non-inferiority was defined as follows: the
difference in the percentage of infants with rotavirus IgA antibody
seroresponse between BRV-TV (investigational vaccine) and RV5
(reference vaccine), is less than or equal to the clinically relevant
limit for non-inferiority (�10%). Non-inferiority was demonstrated
if the null hypothesis was rejected at a significance level of 2.5%
(type 1 error), based on the lower bound of the two-sided 95% CI
of the difference of proportions (using Wilson score method with-
out continuity correction) [16].

The individual tested hypotheses were,
H0: PTested - PReference � �10% and
H1: PTested - PReference > �10%
A secondary analysis was performed to evaluate non-inferiority

of BRV-TV over RV5, in terms of the seroprotection/seroresponse to
each antigenic component (i) of the concomitant routine pediatric
vaccines (D, T, wcP, HBs, PRP and Polio 1, 2, and 3). Criteria for
demonstrating non-inferiority were as the same as those for the
primary endpoint, such that:

H0 for component i: PTested (i) - PReference (i) � �10%;
H1 for component i: PTested (i) - PReference (i) > �10%.
The 95% CIs for the main safety and immunogenicity parame-

ters observed was calculated using the exact binomial method
(Clopper-Pearson method) [17].

The sample size was calculated based on the primary objective.
A total of 1182 infants were planned to be included in the study
with 1004 evaluable infants (502 per group). The sample size
was based on the following parameters and assumptions: an
expected IgA seroresponse of 60% for each group, delta of non-
inferiority at 10% and alpha one-sided at 2.5%, with power of 90%
and 15% of infants not meeting PPAS criteria. All computations
were based on Farrington Manning method [18].

Data management was undertaken by Zifo Technologies, Chen-
nai, India using the Medidata Rave tool and was managed by the
Sanofi Pasteur biostatistics team, Marcy, France.

3. Results

3.1. Study population

A total of 1195 infants were screened and 1182 were random-
ized. Of those randomized, 80 (6.7%) did not complete the study:
50 (4.2%) reported voluntary withdrawal not due to an adverse
event; 22 (1.8%) were lost to follow-up; 4 (0.3%) withdrew due
to SAE; 3 (0.3%) were non-compliant with the protocol; and 1
(<0.1%) withdrew due to another adverse event (Fig. 1).

Vaccine groups were comparable with regard to demographic
and baseline characteristics (Table 1). All the enrolled 1182
(100%) subjects received at least one dose of rotavirus vaccines
(BRV-TV; 590 & Rotateq; 592 subjects) and 1126 (94.2%) received
all the three doses (BTV-TV; 567 & Rotateq; 559 subjects).

3.2. Immunogenicity evaluation

The percentage of infants showing an increase in serum IgA
anti-rotavirus antibody titers of 4-fold or greater from baseline to
28 days post-dose 3 was 47.1% (95% CI: 42.8; 51.5) in BRV-TV
recipients and 61.2% (95% CI: 56.8; 65.5) in the RV5 group, giving
a difference of �14.08% (95% CI: �20.4; �7.98) (Table 2). The
pre-defined criterion for the primary endpoint was therefore not
met. In the FAS, similar results were obtained, with a difference
of �15.86% (95%CI: �21.58, �9.98).

Both vaccine groups showed seroprotection/seroresponse with
post-dose 3 antibody levels against DTwP-HepB-Hib and OPV vac-
cines. The difference between the groups in terms of the percent-
age of infants with seroprotection/ seroresponse to these
antigens was above the �10% non-inferiority criterion (Table 3).

GMCs for serum IgA anti-rotavirus antibody at 28 days after
dose 3 was 28.4 U/mL (95% CI: 24.6; 32.7) in BRV-TV recipients
and 50.1 U/mL (95% CI: 42.9; 58.5) in the RV5 group (Supplemen-
tary Table S1). GMCs for antibodies against DTwP-HepB-Hib and
OPV were similar across both groups, shown by overlapping CIs
(Supplementary Table S1).

3.3. Safety

There were no immediate solicited or unsolicited adverse
events or adverse reactions within 30 min of vaccination in either
group. The percentages of solicited and unsolicited adverse events
reported throughout the trial were similar for both groups
(Table 4).

Irritability (60.27% in BRV-TV and 62.5% in RotaTeq group) and
crying (41% in BRV-TV and 42.4% in RotaTeq group) were the most
common solicited systemic reactions.

Upper respiratory tract infection (8.3% in BRV-TV and 9.5% in
RotaTeq group) and diarrhoea (3.4% in BRV-TV and 2.9% in RotaTeq
group) were the most common unsolicited systemic reactions.

A total of 16 SAEs were reported during the study, 10 in BRV-TV
and 6 in RV5 recipients; none were considered related to study
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vaccines by the study physicians. Two infants from the BRV-TV
group and 3 from the RV5 group discontinued the study due to
adverse events; these events were either genetic disorders or res-
piratory tract infections. One death was reported in the BRV-TV
group, which was not considered to be related to the vaccine.
The reason for death was aspiration and cyanotic heart disease,
as reported by the site Investigator and confirmed by the IDSMB
(Supplementary Table S2).

No case of intussusception was observed in trial participants
during the study period.

4. Discussion

The current study is the first statistically powered study to
attempt to compare the immunogenicity of the candidate vaccine
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Dose 3

566 received dose at day 63 

592 received dose at day 8 

570 received dose at day 28 
Dose2 

570 received dose at day 38 

559 received dose at day 56 
Dose 3

559 received dose at day 63 

Discontinued 
(n=1) 

Discontinued 
(n=18) 

Discontinued 
(n=18) 

Discontinued 
(n=23) 

Discontinued 
(n=24) 

Discontinued 
(n=22) 

Discontinued 
(n=22) 

Discontinued 
(n=33) 

Discontinued 
(n=33) 

Assessed for eligibility (n=1195) 

Randomized (n=1182) 

Fig. 1. Subject disposition flow chart.

4 T. Saluja et al. / Vaccine xxx (2017) xxx–xxx

Please cite this article in press as: Saluja T et al. Live attenuated tetravalent (G1-G4) bovine-human reassortant rotavirus vaccine (BRV-TV): Randomized,
controlled phase III study in Indian infants. Vaccine (2017), http://dx.doi.org/10.1016/j.vaccine.2017.05.019

http://dx.doi.org/10.1016/j.vaccine.2017.05.019


BRV-TV head-on with the locally licensed RV5 vaccine, when
administered with routine pediatric antigens. The study was not
able to meet the non-inferiority of BRT-TV over RV5 in terms of
the anti-rotavirus IgA seroresponse elicited by these vaccines,
based on the pre-defined �10% non-inferiority criterion.

Measurement of serum anti- rotavirus IgA antibodies by ELISA
is a widely used immunogenicity endpoint in rotavirus vaccine tri-
als. While many factors may contribute to protection against rota-
virus, a high titer of rotavirus serum IgA antibody may be the best
available marker of RV efficacy [19–23].

The live attenuated RV Rotavin-M1 was registered in Vietnam
in April 2012 on the basis of an immunogenicity study and com-
mitment for a post-licensure effectiveness study. The IgA serocon-
version rate among Rotavin-M1 recipients was 81%, versus 14% in
the placebo group. Similar results were observed in a vaccine trial
with RV1 in Vietnam [24].

We selected RV5 as the comparator vaccine in the current study
due to the similarity between the vaccine strains, both being
human-bovine reassortants containing human rotavirus antigens
G1, G2, G3 and G4. However, there are also distinct differences
between the vaccines: namely, different bovine virus strains are
used and, being a pentavalent formulation, RV5 has the P1 [8] anti-
gen in addition to G1, G2, G3 and G4.

The secondary objective of immune non-inferiority of BRV-TV,
in terms of seroresponse to the concomitant DTwP-HepB-Hib and
OPV vaccine antigens, was established for all 8 antigens. These
findings suggest that BRV-TV can be administered concomitantly
without interfering with the seroprotection/seroresponse elicited
by these routine pediatric vaccines.

No SAEs were reported as related to study vaccination in any
group. The safety profiles were similar for BRV-TV and RV5 in
terms of the occurrence of immediate, solicited and unsolicited
adverse events.

In a previous phase I/II study conducted by the Sponsor, in sim-
ilar geographical settings in which participants received BRV-TV or
RV5, serum IgA seroresponse rates among infants in the RV5 arm
(63.2% [95%CI: 38.0; 84.0]) were in-line with findings from the cur-
rent study (61.2% [95% CI: 58.6; 65.5]) [13].

In the same phase I/II study, the seroresponse rate observed for
the middle log 105.8 dose was 41.2% [95% CI:18.0; 67.0] and for the
higher log 106.4 dose, 83.3% [95% CI:59.0; 96.0] [13]. We therefore
anticipated a response in the range 60%–70% for a BRV-TV log 106.1

dose in the current study. However, we observed a seroresponse
rate of only 47.1% (95% CI:42.8; 51.5) among infants receiving
BRV-TV log 106.1 in the current phase III study.

Another study, in which live attenuated quadrivalent human–
bovine (UK) reassortant rotavirus vaccine was given at log105.8

dose, reported an immune seroresponse rate of 47%, which sup-
ports the result with BRV-TV in our current study [25].

Investigations were conducted to explore possible reasons for
unexpected study results, namely at the level of product (phase II
vs phase III), sample management, participants’ characteristics,
and the serological assays used to evaluate rotavirus IgA titers.
The infectious titers of BRV-TV phase III lots were measured at dif-
ferent time points, including during manufacturing, before initia-
tion of clinical trial, at the time of last visit of last subject, and as
a part of failure investigation. The infectious titers were at the
expected levels for the 4 serotypes (G1, G2, G3 & G4). We did not
observe any evidence that the phase III BRV-TV product used in
the current study was different from the phase I/II product, with
respect to titers, stability, formulation, host cell impurities content
or other characteristics. Both the phase I/II and phase III products
were stable throughout the clinical trial periods and the acid neu-
tralization capacity of the vaccines (phase I/II BRV-TV vs phase III
BRV-TV) were comparable. The clinical studies were conducted
as per ICH GCP and local prevailing regulatory guidelines and there
were no deviations that could explain these unexpected results.
There were no apparent differences in sample management at clin-
ical sites or in specific participant medical conditions or immune
status which may have influenced the study results. All sites were
similar in terms of height, weight of the participants, and other
demographic parameters; there were no protocol deviations
observed affecting the outcome measures, and there were no dif-
ferences in results by site. There were no cold chain issues at any
of the sites, transit and central lab, no errors or deviations regard-
ing phlebotomy.

Additionally, independent auditors undertook random audits at
four different clinical trial sites involved in the study to monitor
the quality of the conduct in terms of follow-up and protocol
adherence; there was no report of any major aberration potentially
impacting serum IgA response.

The dose selection for this phase III study was based on point
estimates from the previous phase I/II study as mentioned;
however, the previous study was smaller and the point estimates
had wide confidence intervals. The true estimate of results for
BRV-TV may have been lower than the reported point estimates.

Table 1
Baseline demography by randomized group-Full Analysis Set.

BRV-TV
(N = 590)

Rotateq
(N = 592)

All
(N = 1182)

Sex, n (%)
Female 278 (47.1) 289 (48.8) 567 (48.0)
Sex ratio: male/female 1.12 1.05 1.08

Age, weeksa

Mean (SD) 6.38 (0.519) 6.33 (0.526) 6.36 (0.523)
Weight, kg
Mean (SD) 4.29 (0.621) 4.24 (0.589) 4.27 (0.605)

Length, cm
Mean (SD) 54.6 (2.67) 54.4 (2.73) 54.5 (2.70)

n: number of participants fulfilling the item listed.
N: number of participants with available data.
SD: standard deviation.
kg: kilograms.
Cm: centimeter.

a Based on age derived.

Table 2
Non-inferiority for BRV-TV versus RotaTeq based on seroresponse post-dose 3 for rotavirus IgA (ELISA - U/mL) - Per Protocol Analysis Set.

Group 1: BRV-TV Group 2: RotaTeq Product comparison (BRV-TV vs RotaTeq)

Antigen Criterion post-dose 3 n/M % (95% CI) n/M % (95% CI) Difference
(%)

95% CI
(2-sided)

Delta
(%)

Non-
inferioritya

Anti-rotavirus IgA
(ELISA - U/mL)

Seroresponse from
baseline
to D84 (>=4-fold rise)

245/
520

47.1 (42.8; 51.5) 306/
500

61.2 (56.8; 65.5) �14.08 (�20.04; �7.98) �10% No

n: number of subjects experiencing the endpoint listed in the first two columns.
M: number of subjects with available data for the relevant endpoint.

a Non-inferiority concluded if the lower limit of the 2-sided 95% CI of the difference between BRV-TV and RotaTeq is above �10%.
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Therefore, an adequately powered study to select the phase III dose
may have allowed an improved dose selection.

In conclusion, this study showed that oral doses of the study
vaccine BRV-TV had an acceptable safety profile in infants. Our
findings showed that BRV-TV at a dose log106.1 was immunogenic
in terms of the serum IgA response but not non-inferior to the
licensed RV5 vaccine in healthy infants.
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Table 3
Seroprotective antibody responses to DTwP-HepB-Hib and OPV vaccine antigens–per protocol analysis set.

BRV-TV RV5 BRV-TV vs RV5

ELISA or neutralization assaya Seroprotective criterion
post-dose 3

n/M % (95% CI) n/M %(95% CI) Difference, %
(2 sided 95% CI)

Anti-D, IU/mL �0.01 IU/mL 514/515 99.8 (98.9; 100.0) 496/496 100.0 (99.3; 100.0) �0.19 (�1.09; 0.59)
Anti-T, IU/mL �0.01 IU/mL 515/515 100.0 (99.3; 100.0) 496/496 100.0 (99.3; 100.0) 0.00 (�0.74; 0.77)
Anti-wcP, NTU �11 NTUb 337/515 65. (61.2; 69.5) 322/496 64.9 (60.5; 69.1) 0.52 (�5.34; 6.38)
Anti-PRP, mcg/mL �0.15 mcg/mL 509/515 98.8 (97.5; 99.6) 491/496 99.0 (97.7; 99.7) �0.16 (�1.63; 1.31)
Anti-HBs, mIU/mL �10 mIU/mL 164/165 99.4 (96.7; 100.0) 154/156 98.7 (95.4; 99.8) 0.68 (�2.22; 3.99)
Anti-polio 1, 1/dil. �8 (1/dil.) 503/507 99.2 (98.0; 99.8) 491/493 99.6 (98.5; 100.0) �0.38 (�1.64; 0.78)
Anti-polio 2, 1/dil. �8 1/dil. 503/507 99.2 (98.0; 99.8) 489/491 99.6 (98.5; 100.0) �0.38 (�1.64; 0.79)
Anti-polio 3, 1/dil. �8 1/dil. 482/506 95.3 (93.0; 96.9) 483/492 98.2 (96.6; 99.2) �2.91 (�5.29; �0.69)

T, tetanus toxoid; D, diphtheria; wcP, whole cell pertussis; HB, hepatitis B; PRP, Haemophilus influenzae type b polysaccharide.
n: number of subjects experiencing the endpoint listed in the first two columns.
M: number of subjects with available data for the relevant endpoint.
Non-inferiority concluded if the lower limit of the 2-sided 95% CI of the difference between BRV-TV and RV5 was above �10% (minus delta).

a ELISA was used to measure antibody responses to DTwP-HepB-Hib vaccine antigens; neutralization assay was used to measure anti-polio serotypes.
b Based on the kit chosen for the study.

Table 4
Safety overview after any vaccine dose-Safety Analysis Set.

Group 1: BRV-TV Group 2: Rotateq

n/M % (95% CI) n/M % (95% CI)

Solicited reaction within 7 days 458/589 78 74 4 3 81 (74.2; 81.1) 466/592 79 75 4 3 82 (75.2; 81.9)
Solicited administration site reaction within
7 days

375/589 64 60 4 4 68 (59.6; 67.6) 387/592 65 61 4 4 69 (61.4; 69.2)

Solicited systemic reaction within 7 days 386/589 66 62 4 4 69 (61.5; 69.4) 396/592 67 63 4 4 71 (62.9; 70.7)
Unsolicited AE within 28 days 111/590 19 16 3 3 22 (15.7; 22.2) 116/592 20 17 3 3 23 (16.5; 23.0)
Unsolicited AR within 28 days 4/590 0.7 0.2 1 1 1.7 (0.2; 1.7) 3/592 0.5 0.1 0 1 1.5 (0.1; 1.5)
Unsolicited non-serious AE within 28 days 106/590 18 15 3 3 21 (15.0; 21.3) 113/592 19 16 3 3 23 (16.0; 22.5)
Unsolicited non-serious AR within 28 days 4/590 0.7 0.2 1 1 1.7 (0.2; 1.7) 3/592 0.5 0.1 0 1 1.5 (0.1; 1.5)
Unsolicited non-serious administration site AR
within 28 days

0/590 0 0 0 1 0.6 (0.0; 0.6) 0/592 0 0 0 1 0.6 (0.0; 0.6)

Unsolicited non-serious systemic AE within
28 days

106/590 18 15 3 3 21 (15.0; 21.3) 113/592 19 16 3 3 23 (16.0; 22.5)

Unsolicited non-serious systemic AR within
28 days

4/590 0.7 0.2 1 1 1.7 (0.2; 1.7) 3/592 0.5 0.1 0 1 1.5 (0.1; 1.5)

SAE within 28 days 10/590 1.7 0.8 1 1 3.1 (0.8; 3.1) 6/592 1 0.4 1 1 2.2 (0.4; 2.2)
AE leading to study discontinuation (identified in

termination form)
2/590 0.3 0 0 1 1.2 (0.0; 1.2) 3/592 0.5 0.1 0 1 1.5 (0.1; 1.5)

SAE during the study 10/590 1.7 0.8 1 1 3.1 (0.8; 3.1) 6/592 1 0.4 1 1 2.2 (0.4; 2.2)
Death during the study 1/590 0.2 0 0 1 0.9 (0.0; 0.9) 0/592 0 0 0 1 0.6 (0.0; 0.6)
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a b s t r a c t

Background: Vaccination is considered as the most cost effective method for preventing infectious dis-
eases. Low grade fever is a known adverse effect of vaccination. In India, it is a common clinical practice
to prescribe paracetamol either prophylactically or therapeutically to manage fever. Some studies have
shown that paracetamol interferes with antibody responses following immunization. This manuscript
reports the outcome of a post hoc analysis of data from a clinical trial of a pentavalent vaccine in
Indian infants where paracetamol was not used or was used either as prophylaxis or for treatment of
fever.
Methods: Pre and post vaccine antibody levels against Diphtheria, Tetanus, Pertussis, Hepatitis B,
Haemophilus influenzae type B were assessed in no paracetamol and paracetamol groups. The paracetamol
group was further divided into prophylactic and treatment groups.
Results: Similar rates of seroprotection/seroresponse for anti-D, anti-T, anti-wP, anti-PT, anti-HBs and
anti-PRP were observed in all the groups. There was no clear tendency for difference in percentage sero-
protection/seroresponse and geometric mean (GM) titers in any of the groups.
Conclusion: The study found no evidence that paracetamol usage either as prophylactic or for treatment
impact immunological responses to DTwP-HepB-Hib combination vaccine.
Conclusion: [Clinical trial registry of India (study registration number CTRI/2012/08/002872)].

� 2017 The Authors. Published by Elsevier Ltd. This is anopenaccess article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Vaccination is an efficient method to prevent a number of infec-
tious diseases ranging from Polio, Pertussis, Hepatitis B, to HPV
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associated cancers. The government of India provides vaccines
against seven vaccine preventable diseases which include diphthe-
ria, whooping cough, tetanus, polio, tuberculosis, measles and hep-
atitis B, as a part of National Immunization Program, in the name of
‘‘Mission Indradhanush” to infants [1]. Among these vaccines, the
whole cell pertussis vaccine has been traditionally associated with
post vaccination fever and injection site pain [2,3]. Many clinicians
therefore prefer to prescribe medications to prevent or treat such
reactions. There is some evidence in literature that antipyretics
blunt the antibody response to vaccines [4,5].

In 2013, Shantha Biotechnics Private Ltd. (a Sanofi Company)
conducted a randomized clinical trial in which 1085 infants were
enrolled across India in order to assess the lot to lot consistency
among 3 lots of investigational vaccine Shan5TM (DTwP-HepB-
Hib); as well as immune non-inferiority and safety in comparison
to Pentavac SDTM (comparator DTwP-HepB-Hib vaccine manufac-
tured by Serum Institute of India). The results of this main study
were published earlier [6]. On reviewing the source data from this
study (post hoc analysis), it was observed that paracetamol (Acet-
aminophen) was the most commonly used antipyretic. Different
patterns of paracetamol usage (depending upon individual clinical
judgments and practices of investigators) to prevent or treat febrile
reactions during routine immunization were observed in the study.
Overall four distinct trends regarding the usage of paracetamol
were observed irrespective of the vaccine received: some clinicians
did not prescribe paracetamol at all, some prescribed it as a pro-
phylactic only and some prescribed it for treatment only, whereas
some others prescribed it as prophylactic with one vaccine dose
and for treatment after another vaccine dose for the same subject
during the study period. The reporting rates of fever and pain were
also similar between the vaccine groups showing that any possible
difference in paracetamol usage had hardly any impact [6]. The
reporting rates of fever and pain were also similar to the previously
reported data from other DTwP-HepB-Hib vaccine studies in India
[7,8].

The primary objective of the 2013 study was not to generate the
data pertaining to the effects of paracetamol usage following pen-
tavalent vaccine immunization [6]. Hence the subjects were not
randomized according to the paracetamol usage [No or Yes (Pro-
phylactic or Treatment)] during the study]. The data was collected
on the usage of paracetamol and also the way it has been used
(Prophylactic or Treatment). Subsequently, a post hoc analysis of
the effect of paracetamol on immunogenicity levels following
administration of three doses of DTwP-HepB-Hib combination vac-
cine in Indian infants was performed and the results are presented
here.

2. Material and methods

2.1. Study design

A multi-center (11 study sites), randomized, single blinded, sta-
tistically powered study was conducted across India to assess lot to
lot consistency among 3 lots of investigational vaccine, as well as
immune non-inferiority and safety in comparison to the existing
licensed pentavalent vaccine in India (comparator vaccine) [6].
The study was initiated upon receipt of approval from national reg-
ulatory authority of India [Drug Controller general of India (DCGI)],
and respective institutional ethics committees. The trial was regis-
tered with the Clinical trial registry of India (study registration
number CTRI/2012/08/002872). Once the infant’s parent/guardian
provided written informed consent and the infant was found to
be eligible for the study, he/she was enrolled. Study was conducted
in accordance with the protocol, ICH-GCP, the current rules and
regulations for conducting clinical trials in India including Sched-

ule Y of Drugs and Cosmetics Act, India, Indian GCP, and Ethical
Guidelines for Biomedical Research on Human Participants (ICMR
guidelines) [6].

A total of 1085 infants aged 6–8 weeks were enrolled in the
study. The infants were randomized to receive investigational or
comparator vaccines in a ratio of 6:1. Out of 1085 infants enrolled,
930 received investigational vaccine and 155 received comparator
vaccine. Since the main objective of the post hoc analysis was to
evaluate the effect of paracetamol on antibody titers, the subjects
were segregated according to the usage of paracetamol in addition
to the type of vaccine administered i.e. investigational or compara-
tor. For the post hoc analysis of paracetamol effects, all the subjects
in each vaccine group were categorized primarily into 3 sub-
groups, ‘Without paracetamol’, ‘Paracetamol prophylactic’ and
‘Paracetamol treatment’.

Among subjects who received antipyretics/analgesics, all of
them received paracetamol either alone or in combination with
other analgesics like ibuprofen or mefenamic acid. The proportion
of subjects who used paracetamol combination was very low
(0.3%). Since all the subjects who received antipyretic/analgesic
had received paracetamol, the group was simply termed as ‘Parac-
etamol’ group (‘Paracetamol prophylactic’ or ‘Paracetamol
treatment’).

Subjects in the ‘‘Without paracetamol” group include subjects
who did not receive any paracetamol (or paracetamol containing
medication) during the study. The ‘Paracetamol treatment’ group
includes subjects who received at least one dose of paracetamol
(or paracetamol containing medication) for the purpose of treat-
ment during the study. The ‘Paracetamol prophylactic’, group
includes subjects who received at least one dose of paracetamol
(or paracetamol containing medication) for the purpose of prophy-
laxis during the study. Subjects who received paracetamol both as
prophylactic with one vaccine dose and for treatment after another
vaccine dose (‘heterogeneous’ use) were not included in this anal-
ysis. Additionally, the paracetamol subgroups of both vaccine
groups were pooled to evaluate the impact of paracetamol use irre-
spective of the vaccine (investigational or comparator) received i.e.
pooled vaccine analysis for paracetamol use. Subject disposition is
outlined in Figs. 1 and 2.

2.2. Study participants

Healthy infants aged 6–8 weeks were enrolled in the study after
verifying the inclusion and exclusion criteria. Infants born at
�37 weeks gestational period and with �2.5 kg birth weight were
included in the study. Receipt of any other vaccine except BCG,
birth dose of OPV and Hepatitis B, history of diseases targeted by
the study vaccine, etc. were considered as exclusion criteria [6].

2.3. Study vaccines

Both the investigational and comparator vaccines are pentava-
lent pediatric combination vaccines for the prevention of Diphthe-
ria, Tetanus, Pertussis, Hepatitis B and invasive disease caused by
Haemophilus influenzae type b. Composition of investigational and
comparator vaccines are detailed in the earlier publication [6].

2.4. Objectives

As a post hoc analysis, the main study data was analyzed with
the objective of understanding the effect of paracetamol usage as
well as mode of usage i.e. prophylactic or treatment on the
immune response to three doses of DTwP-HepB-Hib combination
vaccine administered to Indian infants at 6–8, 10–12 and 14–
16 weeks of age. We based our analysis on the following research
question: Is there any observed difference in immune responses
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between the subjects who have not received paracetamol versus
who have received paracetamol either as prophylactic or for treat-
ment? This was analyzed in each vaccine arm (investigational and
comparator) separately and then as a whole irrespective of the vac-
cine received.

2.5. Study procedures

The study procedures have been detailed and described in the
publication outlining the main results [6]. Criteria for seroprotec-
tion for anti-D, anti-T, anti-HBs and anti-PRP were taken as
�0.01 IU/mL, �0.01 IU/mL, �10 mIU/mL and �0.15 mcg/mL
respectively at post dose sample [9–12]. Since no correlate of pro-
tection is available for anti-wP, seroresponse was used as an indi-
cator of protection against pertussis. Criteria for seroresponse:
more than or equal to the pre-vaccination titer in initially seropos-
itive (>11 NTU) subjects; and in case of initial seronegative sub-
jects (�11 NTU) the response was considered as per assay cut-off
i.e. those subject having pre-vaccination titer �11 NTU was consid-
ered seroresponders only if they are able to attain a titer of
>11 NTU during post dose sample. Subjects who achieved �4-
fold anti-PT titers rise from baseline titer were considered as
seroresponders of the vaccine [13]. The effect of paracetamol on
anti-D, anti-T, anti-PRP, anti-HBs, anti-wP and anti-PT immuno-
genicity titers were analyzed according to the usage and mode of
usage of paracetamol.

2.6. Statistical analysis

An adhoc a posteriori analysis was conducted on the study
regarding presence or absence of potential impact of paracetamol
on immunogenicity. Using concomitant medication data, subjects
were divided according to the use of paracetamol as described
above. Binary endpoints were selected for each antigen (typically

seroprotection/seroresponse), in order to present the percentage
of subjects according to paracetamol use. Similarly, GM post-
Dose 3 antibody titer was computed for each antigen. The effect
of paracetamol on immunogenicity was analyzed both separately
for each vaccine group and also irrespective of the vaccine group.

The analysis was descriptive using full analysis set, based on
observed value with 95% CI. The CI for the single proportion was
calculated using the exact binomial method (Clopper-Pearson
method, quoted by Newcombe) [14]. For immunogenicity results,
assuming that Log10 transformation of the titers follows a normal
distribution, at first, the mean and the 95% CI was calculated on
Log10 (titers) using the usual calculation for normal distribution
(using Student’s t distribution with n � 1 degree of freedom), then
antilog transformation was applied to the results of calculations, in
order to get geometric means (GMs) and their 95% CI.

3. Results

Out of 1085 infants enrolled in the study, data from 975 sub-
jects were considered for this post hoc analysis and the data from
the rest of the 110 subjects were not considered due to various rea-
sons such as subject drop-out, non-availability of post dose sample,
and haemolysis of blood sample. Out of the 975 subjects, 407 did
not receive paracetamol (356 from investigational group and 51
from comparator group) and 568 subjects received paracetamol
as a prophylactic and/or for treatment during the study. Out of
these 568 subjects who received paracetamol, 47 subjects received
paracetamol both as a prophylactic with one vaccine dose and for
treatment after another vaccine dose (‘heterogeneous’ use) were
excluded from this analysis. Out of the remaining 521 subjects
who received paracetamol either as a prophylactic or for treatment
during the study, 71 subjects received paracetamol as a prophylac-
tic only (60 from investigational group and 11 from comparator
group) and 450 received paracetamol for treatment only (387 from

Fig. 1. Subject disposition as per vaccine received and paracetamol use. Note: Number of subjects (N) in each group for all the valences was not same and varied with a
maximum difference of 3.
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investigational group and 63 from comparator group). Overall it
was observed that similar proportion of subjects have received
paracetamol, either as prophylactic or as treatment, irrespective
of vaccine group (investigational or comparator vaccine group)
that they were randomized to (Fig. 1).

Among the subjects who received paracetamol, multiple occur-
rences of paracetamol use, as high as 7 times in a single subject
was observed during the complete study period. Pre and post vac-
cination blood samples for all the subjects were analyzed for anti-
bodies against each antigen. Seroprotection/seroresponse and GM
titers of all the valences for ‘Without paracetamol’, ‘With paraceta-
mol prophylactic’ and ‘With paracetamol treatment’ subgroups
with respect to the vaccine received are shown in (Table 1). The
results for ‘Without paracetamol’, ‘With paracetamol prophylactic’
and ‘With paracetamol treatment’ groups irrespective to the vac-
cine received’ are shown in (Table 2).

3.1. Anti-D immunogenicity

All the subjects (100%) in the study had achieved seroprotection
levels for anti-D irrespective of vaccine received and the paraceta-
mol use (Tables 1 and 2).

In the investigational group, the anti-D GMTs were similar
among the 3 subgroups irrespective of type of paracetamol use.
However, in the comparator group, the anti-D GMT in the sub-

group ‘Paracetamol prophylactic’ (0.81 IU/mL) was observed to be
numerically lower than the ‘without paracetamol’ subgroup
(1.71 IU/mL) without overlapping 95% CI. The anti-D GMTs in the
‘Paracetamol treatment’ subgroup of comparator group were sim-
ilar to both the ‘Without paracetamol’ and ‘Paracetamol prophylac-
tic’ subgroups (Table 1).

In the pooled vaccine analysis, the anti-D GMTs were similar
among the 3 groups irrespective of type of paracetamol use
(Table 2).

3.2. Anti-T immunogenicity

All the subjects (100%) in the study had achieved seroprotection
levels for anti-T irrespective of vaccine received and the paraceta-
mol use (Tables 1 and 2).

In both the investigational and comparator groups, the anti-T
GMTs were similar among the subgroups irrespective of type of
paracetamol use (Table 1). In the pooled analysis, some differences
in anti-T GMT among the groups were observed (Table 2). The GMT
in ‘Without paracetamol’ group (2.11 IU/mL) was observed to be
numerically higher than that of ‘With paracetamol treatment’
group (1.75 IU/mL) without overlapping of 95% CI (Table 2). While
the GMT of ‘With paracetamol prophylactic’ group was similar to
both ‘Without paracetamol’ and ‘With paracetamol treatment’
groups.

Fig. 2. Subject disposition as per paracetamol use irrespective of vaccine received. Note: Number of subjects (N) in each group for all the valences was not same and varied
with a maximum difference of 3.
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Table 1
Immune response to Diphtheria, Tetanus, Hib, Hepatitis B and Pertussis antigens based on the nature of the vaccine administered.

Antigen Statistics Investigational Comparator

Without
paracetamol
N = 356

With paracetamol
prophylactic
N = 60

With paracetamol
treatment
N = 387

Without
paracetamol
N = 51

With paracetamol
prophylactic
N = 11

With paracetamol
treatment
N = 63

Anti-D Antibody-Serology-
IU/mL

%
Seroprotection
(95% CI)

100.0
(99.0; 100.0)

100.0
(94.0; 100.0)

100.0
(99.1; 100.0)

100.0
(99.0; 100.0)

100.0
(71.5; 100.0)

100.0
(94.3; 100.0)

GM
(95% CI)

1.65
(1.53; 1.79)

1.76
(1.50;2.05)

1.51
(1.39; 1.65)

1.71
(1.41; 2.08)*

0.81
(0.51;1.30)*

1.47
(1.22; 1.76)

Anti-T Antibody-Serology-
IU/mL

%
Seroprotection
(95% CI)

100.0
(99.2; 100.0)

100.0
(94.0; 100.0)

100.0
(99.1; 100.0)

100.0
(93.0; 100.0)

100.0
(71.5; 100.0)

100.0
(94.3; 100.0)

GM
(95% CI)

2.06
(1.87; 2.28)

2.04
(1.59;2.63)

1.72
(1.57; 1.89)

2.44
(1.87; 3.17)

1.84
(1.21;2.79)

1.95
(1.56; 2.45)

Anti-PRP Antibody-
Serology-mcg/mL

%
Seroprotection
(95% CI)

99.8
(98.9; 100.0)

100.0
(94.0; 100.0)

99.7
(98.6; 100.0)

100.0
(93.0; 100.0)

100.0
(71.5; 100.0)

100.0
(94.3; 100.0)

GM
(95% CI)

8.56
(7.68; 9.53)

11.2
(8.91; 14.1)

9.04
(8.20; 9.96)

10.4
(7.56; 14.4)

3.58
(1.20; 10.7)

10.4
(8.12; 13.3)

Anti-HBs Antibody-
Serology-mIU/mL

%
Seroprotection
(95% CI)

97.4
(95.2; 98.8)

96.7
(88.5; 99.6)

98.2
(96.3; 99.3)

100.0
(93.0; 100.0)

100.0
(71.5; 100.0)

100.0
(94.2; 100.0)

GM
(95% CI)

926
(780; 1098)

508
(326; 793)

824
(707; 961)

2246
(1515; 3331)

1360
(410;4514)

1645
(1117; 2424)

Anti-wP Antibody-
Serology-Novotech units

%
Seroresponse
(95% CI)

69.6
(64.5; 74.3)

73.3
(60.3; 83.9)

71.1
(66.3; 75.5)

68.6
(54.1; 80.9)

81.8
(48.2; 97.7)

68.3
(55.3; 79.4)

GM
(95% CI)

17.6
(15.9; 19.5)

18.1
(13.9; 23.7)

17.5
(16.0; 19.2)

17.2
(13.4; 22.1)

20.6
(11.1; 38.4)

17.1
(13.5; 21.6)

Anti-PT antibody-Serology-
IU/mL

% �4-fold rise
(95% CI)

63.5
(58.2; 68.5)

71.7
(58.6; 82.5)

66.7
(61.7; 71.3)

64.7
(50.1; 77.6)

54.5
(23.4; 83.3)

61.9
(48.8; 73.9)

GM
(95% CI)

16.0
(12.9; 19.9)*

18.7
(10.4; 33.8)

25.1
(20.5; 30.7)*

16.5
(10.1; 27.1)

10.5
(2.71; 41.0)

23.0
(14.4; 36.8)

Note: Number of subjects (N) in each group for all the valences was not same and varied with a maximum difference of 3.
* Non overlapping 95% C.

Table 2
Immune response to Diphtheria, Tetanus, Hib, Hepatitis B and Pertussis antigens regardless of the nature of the vaccine administered.

Antigen Statistics Without paracetamol
N = 407

With paracetamol prophylactic
N = 71

With paracetamol treatment
N = 450

Anti-D Antibody-Serology-IU/mL % Seroprotection
(95% CI)

100.0
(99.1; 100.0)

100.0
(94.9; 100.0)

100.0
(99.2; 100.0)

GM
(95% CI)

1.66
(1.54; 1.79)

1.56
(1.33;1.83)

1.50
(1.39; 1.63)

Anti-T Antibody-Serology-IU/mL % Seroprotection
(95% CI)

100.0
(99.1; 100.0)

100.0
(94.9; 100.0)

100.0
(99.2; 100.0)

GM
(95% CI)

2.11
(1.92; 2.31)a

2.01
(1.61;2.50)

1.75
(1.61; 1.91)a

Anti-PRP Antibody-Serology-mcg/mL % Seroprotection
(95% CI)

99.3
(97.9; 99.8)

100.0
(94.9; 100.0)

99.8
(98.8; 100.0)

GM
(95% CI)

8.77
(7.92; 9.72)

9.38
(7.23; 12.2)

9.22
(8.42; 10.1)

Anti-HBs Antibody-Serology-mIU/mL % Seroprotection
(95% CI)

97.8
(95.8; 99.0)

97.2
(90.2; 99.7)

98.4
(96.8; 99.4)

GM
(95% CI)

1035
(883; 1215)

592
(391; 897)

907
(785; 1047)

Anti-wP Antibody-Serology-Novotech units % Seroresponse
(95% CI)

69.5
(64.7; 73.9)

74.6
(62.9; 84.2)

70.7
(66.2; 74.8)

GM
(95% CI)

17.5
(15.9; 19.3)

18.5
(14.5; 23.6)

17.5
(16.1; 19.0)

Anti-PT antibody-Serology-IU/mL % �4-fold rise
(95% CI)

63.6
(58.8; 68.3)

69.0
(56.9; 79.5)

66.0
(61.4; 70.4)

GM
(95% CI)

16.1
(13.2; 19.6)a

17.1
(10.1; 29.1)

24.8
(20.6; 29.8)a

Note: Number of subjects (N) in each group for all the valences was not same and varied with a maximum difference of 3.
a Non overlapping 95% CI.
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3.3. Anti-PRP immunogenicity

Similar rates of seroprotection (at least 99.3%) and GMT for anti-
PRP were observed in all the groups irrespective of vaccine
received and the paracetamol use (Tables 1 and 2).

3.4. Anti-HBs immunogenicity

Similar rates of seroprotection (at least 96.7%) for anti-HBs were
observed in all the groups irrespective of vaccine received and the
paracetamol use (Tables 1 and 2).

In the investigational group, the seroprotection rate was
numerically lowest in ‘‘With paracetamol prophylactic’ subgroup
(96.7%). In the comparator group, there was no numerical differ-
ence in the seroprotection rates among the subgroups.

GM antibody titers for anti-HBs were numerically lowest in the
‘With paracetamol prophylactic’ subgroup of the investigational
and comparator groups (Table 1). It was also lowest in ‘With parac-
etamol prophylactic’ group in the pooled analysis irrespective of
the vaccine received (Table 2) However, the above differences were
not considered to have any significance due to the overlapping of
95% CI.

3.5. anti-wP immunogenicity

Similar rates of seroresponse for anti-wP were observed in all
the groups irrespective of vaccine received and the paracetamol
use. At least 68.3% of subjects achieved seroresponse in all the
groups (Tables 1 and 2).

The seroresponse and the GM antibody titers for anti-wP were
numerically highest in the ‘With paracetamol prophylactic’ sub-
group of the investigational and comparator groups (Table 1). They
were also highest in ‘With paracetamol prophylactic’ group in the
pooled vaccine analysis (Table 2).

However, the differences were not considered to have any sig-
nificance due to the overlapping of 95% CI.

3.6. Anti-PT immunogenicity

Similar rates of seroresponse (�4-fold rise) for anti-PT were
observed in all the groups (Tables 1 and 2). At least 61.9% of sub-
jects achieved seroresponse among all the groups.

Numerically, the proportion of subjects achieving seroresponse
was observed to be highest in ‘With paracetamol prophylactic’ sub-
group of the investigational group and also among the pooled vac-
cine analysis groups. However, in the comparator group, the lowest
seroresponse rate was observed in ‘With paracetamol prophylactic’
subgroup. But these differences were insignificant.

Some differences in GM antibody titers for anti-PT among the
groups were observed.

In the investigational group, the anti-PT GMT in the subgroup
‘Without Paracetamol’ (16.0 IU/mL) was observed to be lower than
the ‘With paracetamol treatment’ subgroup (25.1 IU/mL) without
overlapping 95% CI. While the anti-PT GMT in the ‘With Paraceta-
mol prophylactic’ subgroup was similar to both the ‘Without
paracetamol’ and ‘With Paracetamol treatment’ subgroups. In the
comparator group, the anti-PT GMTs were similar among the 3
subgroups irrespective of type of paracetamol use (Table 1).

In the pooled analysis also, some differences in anti-PT GMT
among the groups were observed. The GMT in ‘Without paraceta-
mol’ group (16.1 IU/mL) was observed to be numerically lower
than that of ‘With paracetamol treatment’ group (24.8 IU/mL)
without overlapping of 95% CI. While the GMT of ‘With paraceta-
mol prophylactic’ group was similar to both ‘Without paracetamol’
and ‘With paracetamol treatment’ groups (Table 2).

4. Discussion

Fever and pain are common adverse reactions following immu-
nization. Many clinicians therefore prefer to advice medications to
prevent or treat such reactions. There is literature evidence to sug-
gest that changing injection technique may also decrease pain
response [15]. In this study, it was observed that paracetamol
(Acetaminophen) was the most commonly used antipyretic/anal-
gesic. This could be due to its easy availability as an over-the-
counter (OTC) medication in India, low cost, high therapeutic index
and availability in multiple types of formulations. As per one pub-
lished study, administration of paracetamol as a prophylactic with
each vaccine dose decreased the immunogenicity titers when com-
pared with the subjects who did not receive paracetamol. However
the article also states that the antibody titers do not decrease
below the protective level [5]. In another study, it was also
observed that the administration of paracetamol as a prophylactic
decreased the immunogenicity titers when compared with the
subjects who received paracetamol as a treatment [4]. One more
study observed that the lower immune response with prophylactic
paracetamol after vaccination is of transient nature [16].

In our post hoc analysis, similar immune responses for anti-PRP,
anti-HBs and anti-wP were observed in all groups, irrespective of
paracetamol usage and the vaccine received.

There was no observed difference among the groups in anti-D
seroprotection rates as all the subjects in the study achieved sero-
protection levels. In case of anti-D GMT, the subjects in the inves-
tigational group had similar GMT levels irrespective of
paracetamol use. In the comparator group, subjects who used
paracetamol as treatment had similar GMT levels as that of sub-
jects who did not use paracetamol, while subjects who used parac-
etamol as prophylactic had markedly lower GMT levels. However,
no such difference was observed with prophylactic paracetamol
use when analyzed irrespective of the vaccine received (in pooled
vaccine analysis). Moreover the observed difference may not have
clinical relevance as all the study subjects achieved seroprotective
levels irrespective of paracetamol usage and the vaccine received.

No difference was observed among the groups in anti-T sero-
protection rates as all the subjects in the study achieved seropro-
tection levels. There was also no observed difference in anti-T
GM levels with paracetamol use when analyzed separately for each
vaccine. But in case of pooled vaccine analysis, the subjects who
received paracetamol for treatment had much lower anti-T GM
titers than those who did not receive paracetamol, while there
was no difference when paracetamol was used as prophylactic.
However, the observed difference may not be clinically relevant
as all the study subjects achieved seroprotective levels irrespective
of paracetamol usage.

Similar seroprotection rates for anti-HBs were observed in all
the groups. With respect to anti-HBs GMT, the subjects who
received paracetamol as prophylactic had much lower titers than
those who did not receive paracetamol. Use of prophylactic parac-
etamol was associated with lower GMT even when evaluated sep-
arately for investigational and comparator vaccines. The difference
was not clinically relevant since not only the 95% CI of GMT over-
lapped for all the groups but the seroprotection rates amongst the
various groups were also comparable. This effect of paracetamol
usage on anti-HBs is in concordance with an earlier study which
found similar results in Dutch adults. However, even in the men-
tioned study the anti-HBs level in the prophylactic paracetamol
group (4257 mIU/mL) was well above the seroprotective cut-off
level (10 mIU/mL) [5]. In the present analysis also, the anti-HBs
level in the prophylactic paracetamol group (592 mIU/mL) was
well above the seroprotective cut-off level. Even if the Hepatitis
B titer was in the range of 500 mIU/mL (With paracetamol prophy-
lactic group), it was far above the protective level i.e. 10 mIU/mL.
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Published literature indicates minimal clinical risk to duration and
boostability of immune response even with a relatively lower GMT
i.e. the titers remain above the protective level after 12 months
after the 3rd dose (time point for booster dosing for Hepatitis B)
even with a relatively lower GMT [8].

With respect to anti-pertussis immunogenicity, similar immune
responses for anti-wP were observed in all groups. Similar rates of
seroresponse for anti-PT were also observed in all groups but there
were some differences in GMT. In the investigational group and in
the pooled vaccine analysis, the anti-PT GMT was highest in sub-
jects who had taken paracetamol as treatment and lowest in sub-
jects who had not taken paracetamol. However, this difference
observed in the anti-PT immune response may be clinically
insignificant as no difference was observed in anti-wP immune
responses among the groups. It is possible that in children whom
the GMTs of PT antibodies (the most important mediator of clinical
protection for pertussis) were higher, a fever resulted, which had to
be treated with paracetamol.

In this analysis, among subjects who received antipyretics/anal-
gesics all of them received paracetamol alone or in combination
with other analgesics like ibuprofen and mefenamic acid. Since
all the subjects who received antipyretic/analgesic had received
paracetamol, the group was simply termed as ‘With Paracetamol’
group. Making a sub set analysis of the paracetamol alone vs parac-
etamol combination was deemed unnecessary for this analysis as
only 0.3% of subjects received paracetamol combined with another
antipyretic medication.

Health authorities of various countries have provided guideli-
nes on paracetamol use at the time of vaccination: The US Advisory
Committee on Immunization Practice recommends that ‘‘it is rea-
sonable to consider administering antipyretics (such as Acetami-
nophen) at age-appropriate doses at the time of vaccination and
every 4–6 h for 48–72 h to children at higher risk for seizures than
the general population” [17]. Public Health Agency of Canada rec-
ommends that paracetamol can only be used with whole-cell per-
tussis vaccines rather than with acellular pertussis vaccines,
because of the higher incidence of fever associated with whole-
cell pertussis vaccines than acellular pertussis vaccines [18]. Two
studies conducted in India observed that there is an overall bene-
ficial effect of prophylactic paracetamol in reducing the adverse
effects following vaccination. Use of prophylactic paracetamol
was observed to reduce the non-compliant parents and the immu-
nization drop out cases [19,20]. However, there are no specific rec-
ommendation/guidance from the Indian Pediatric association or
national health authorities regarding the use of antipyretics during
vaccination.

The impact of paracetamol usage as well as mode of usage dur-
ing vaccination was evaluated in this post hoc analysis of the
immunological data from a recent clinical trial [6]. However, the
dose of paracetamol administered was unknown, since analysis
of paracetamol use was not planned as part of the study protocol.
The paracetamol group was not categorized based on dose or num-
ber of occurrences of paracetamol use during the study. The ad’hoc
groups constructed were based on post-medication data and hence
randomization was not possible. Therefore the possibility of bias
cannot be negated completely. In the original study, the subjects
were randomized into investigational and comparator vaccine
groups but they were not randomized according to paracetamol
use. These are some of the possible limitations of the present anal-
ysis. However since the data was collected as part of the original
protocol and similar proportion of subjects received paracetamol
(either as prophylactic or as treatment) in both the investigational
and comparator vaccine groups, the possibility of bias is minimal.

This study provides additional information on effect of parac-
etamol with vaccine administration and the results indicate that
there appears to be no negative or positive impact of paracetamol

administration, irrespective of its use as a prophylactic or for treat-
ment, on vaccine immunogenicity.

5. Conclusion

In this post hoc analysis study on the possible impact of parac-
etamol use on immune responses to DTwP-HepB-Hib combination
vaccine in Indian infants, no clear trend was observed. The differ-
ences observed in GMT values between the various study groups
are minimal and do not have any clinical relevance.
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A rare case of cleft number nine 
associated with atypical cleft number 
two

Shivanand Chanabasu Bubanale, Santosh B Kurbet1, 
Linda Maria Genoveva De Piedade Sequeira

The incidence of the craniofacial cleft is rare ranging between 
1.43 and 4.85/100,000 births. Tessier number nine cleft being 
the rarest, there are a few reports of detailed ophthalmologic 
examinations performed in them. In this study, 1‑day‑old 
female neonate delivered by normal vaginal delivery at term, 
weighing 1480 g presented with right eye dystopia, cleft 
extending through the lateral third of the upper eyelid, brow 
ending at the temporal region, conjunctival congestion, clear 
cornea 10 mm in diameter, normal anterior chamber, pupil 
2 mm reactive to light, clear lens, and normal fundus. Cleft 
extended downward from the right medial canthus involving 
the nasal ala and left forearm had an oblique‑crease with 
camptodactyly. We thus report a case of anterior segment 
abnormality with an oblique craniofacial cleft. The cause of 
which is unclear, amniotic band syndrome being a possible 
cause.

Key words: Amniotic band syndrome, craniofacial cleft, ocular 
manifestations

Craniofacial clefts are disfiguring facial anomalies. Incidence 
is rare, ranging between 1.43 and 4.85/100,000 births.[1] In 1976, 
Tessier proposed an anatomic classification of the craniofacial 
clefts using the orbit as the primary structure of reference.[2] 
The number nine cleft is the rarest, described as lateral orbital 
cleft with soft tissue deformity involving the lateral third of 
the upper eyelid and underlying bony disruption extending 
into the temporal fossa.[3,4] To date, there have been a few 
reports of detailed ophthalmologic examination in cases of the 
craniofacial cleft. Here, we report a case of anterior segment 
abnormality with Tessier nine cleft, nasoschisis, and a left 
forearm crease.

Case Report
A 20‑year‑old primi with regular prenatal care, no adverse 
obstetric or genetic history, normal prenatal laboratory test 
results and normal antenatal scans presented at term with 
premature rupture of membranes (PROM) in labor. A live 
1480 g baby girl at 38 weeks, was delivered. The Apgar scores 
were 7 and 8 at one and 5 min, respectively. On subsequent 
examination, the neonates left eye and adnexa were normal. 
The right eye showed a cleft extending from the lateral third 
of the upper eyelid, eyebrow to involve the temporal fossa, 
with the absence of middle third of the upper eyelid with 
ectropion of the medial two‑third and lateral third. Lateral 
third of the right eyebrow was absent with severe lower eyelid 
retraction with lateral canthal displacement exposing the 
right globe [Fig. 1]. A deficiency of the superior and lateral 
orbital rims was felt resulting in a lateral displacement of 
the globe. There was severe injection and chemosis of the 
bulbar conjunctiva, cornea measured 10 mm in horizontal 
diameter, clear. The anterior chamber was well formed, iris 
normal in color and pattern, pupil 2 mm round, regular and 
reacting to both direct and indirect light and lens appeared 
clear. The fundoscopic examination found normal optic 
nerves and maculae. A deep furrow was noted downward 
from the medial canthus medial to the lower punctum not 
involving the horizontal canaliculus, not involving the 
floor of the orbit. The lacrimal passage being patent with 
dysplasia of the right nasal ala. No cleft palate or lip was 
noted. The left forearm showed splitting of the superficial 
skin with crease extending from medial aspect of the elbow 
to base of left‑hand index finger it thus being flexed with 
evidence of camptodactyly [Fig. 2]. Due to the extreme risk of 
exposure keratopathy, a moisture chamber was placed over 
the right eye, and ciprofloxacin eye ointment, preservative 
free moxifloxacin eye drops were applied four times daily. 
At 72 h after birth, the patient developed right eye exposure 
keratopathy despite topical therapy [Fig. 2]. X‑ray skull 
anteroposterior and lateral view showed evidence of bony 
defect of the superior orbital rim with distortion of the greater 
wing of the sphenoid and squamous portion of the temporal 
bone [Fig. 3]. Subsequently, under general anesthesia the child 
underwent complete temporary tarsorrhaphy [Figs. 4 and 5] 
to prevent further corneal thinning, perforation, and left 
forearm contracture release. Thus addressing the cause of 
primary concern.

Discussion
Craniofacial clefts are extremely rare and disfiguring congenital 
anomalies of the face. Tessier in 1990 proposed an anatomic 
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Figure 1: Right eye examination‑cleft extending from the lateral 
third of the upper eyelid, eye brow to involve the temporal fossa, 
with ectropion of the upper eyelid, lower eyelid retraction, and lateral 
canthal displacement

classification of craniofacial clefts. Of these, Tessier number 
nine facial cleft is found to be the rarest. The exact incidence of 
which is unknown, due to the rarity of its occurrence.[3] Tessier 
number nine cleft in literature is described as an upper lateral 
orbital cleft involving the lateral third of the upper eyelid 
and underlying bony disruption extending into the temporal 
fossa.[3,4] It is most commonly seen as a cranial extension of 
number five facial cleft.[3,4]

In studies by Van Der Meulen, this anomaly has been 
described as a frontosphenoid dysplasia. There are various 
presumed mechanisms that induce facial cleft, such as 
dysraphisms of facial processes, invagination of the amniotic 

band, and insufficient blood flow in utero. In our case, signs 
like PROM, multiple anomalies point toward amniotic band 
syndrome being the likely cause.[5,6]

Amniotic band syndrome is sporadic in occurrence with 
an incidence of 1:15,000 births. It includes a collection of 
fetal malformations caused by the entanglement of amniotic 
remnants after rupture of the amniotic sac.[7] Although it 
primarily affects external structures, associated malformations 
of internal structures also have been reported.[8,9]

The type and extent of ophthalmic defects depend on the 
band location and timing. Defects may include a combination 
of bony orbital clefts or hypertelorism; lid abnormalities such as 
colobomas, ptosis, and ectropion; lacrimal outflow obstruction; 
and exposure keratopathy.[7] Other congenital anomalies 
associated with it include clubfoot, facial cleft, cleft lip and 
palate, and supernumerary teeth.

Given the variety of craniofacial lesions encountered, the 
surgical approach needs to be tailored to the craniofacial defect. 

Figure 2: Right eye exposure keratopathy. Left forearm shows splitting 
of the superficial skin with crease extending from medial aspect of elbow 
to base of left index finger with evidence of camptodactyly

Figure 4: Right eye postcomplete temporary tarsorrhaphy

Figure 3: X‑ray skull anteroposterior and lateral view showed 
evidence of bony defect of the superior orbital rim with distortion 
of the greater wing of the sphenoid and squamous portion of the 
temporal bone
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Oculoplastic surgery to address functional needs is of primary 
concern. Later, cosmetic issues can be addressed.

In the case described, the neonate presented at birth with a 
craniofacial cleft number nine with soft tissue and underlying 
bony involvement, nasoschisis suggestive of an atypical cleft 
number two with no evidence of cleft number five[11] and a 
left forearm crease which could be a result of amniotic band 
sequence. Even with the high risk of amblyopia the child 
underwent a complete temporary tarsorrhaphy to prevent 
further corneal thinning and perforation.

The child was then advised to undergo regular follow‑ups 
at 4 weeks followed by at 3 monthly intervals. Release of the 
tarsorrhaphy sutures of a few millimeters distance centrally 
would be done to assess the status of the cornea, perform 
a retinoscopy to determine the presence of an underlying 
refractive error in view of the risk for amblyopia and to 
determine the timing for release of the tarsorrhaphy with further 
reconstruction of the upper eyelid and lateral canthal tendon.

The various oculoplastic alternatives include lateral 
canthotomy and cantholysis with Tenzel procedure, rotational 
flaps for medium‑sized defects.[10,11]

The present study thus describes the ophthalmic 
management of Tessier number nine cleft and thus, may 

be helpful in counseling and estimating the impact of this 
syndrome on the eye when in utero.
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Case Report

introduction

Alport syndrome is a hereditary nephropathy characterized by 
progressive renal failure, sensory neural deafness, and typical 
ocular abnormalities. It almost inevitably leads to end-stage 
renal disease (ESRD) during adolescence or early adulthood.[1] 
The disease is caused by mutations in type IV collagen genes, 
most commonly COL4A5 situated on the X chromosome 
accounting for 85% of cases.[2] Female heterozygous X-linked 
Alport carriers show a large inter- and intra-familial variability 
of the clinical course and a more favorable prognosis.[1,3] 
Heterozygous COL4A3/COL4A4 carriers develop thin 
basement membrane nephropathy,[4] which may lead to an 
increased risk for developing progressive chronic kidney 
disease.[5]

The proportion of ESRD patients commencing renal 
replacement therapy (RRT) due to Alport syndrome varies 
considerably between countries.[5,6] Most patients with Alport 
syndrome commence RRT in early adulthood, particularly 
males who typically start RRT a decade earlier than females. 
Mallett et al.[4] investigated the characteristics and clinical 
outcomes of patients from Australia and New Zealand 
commencing RRT for ESRD due to Alport syndrome compared 
with propensity score-matched, RRT-treated, non-Alport ESRD 
controls.[3] A total of 58,422 patients were studied during this 
period of which 296 (0.5%) patients had Alport ESRD.[3,4,7-9] 

Patients with Alport syndrome experienced comparable dialysis 
and renal transplant outcomes to matched non-Alport ESRD 
controls. We report a case of a male child with Alport syndrome 
who underwent renal transplant at our center.

casE rEport

A 10-year-old male child presented in 2011 to the pediatric 
services of the hospital with symptoms of passing high-colored 
urine occasionally. The child had no other symptoms including 
high blood pressure, edema, and oliguria. Urine examination 
revealed micro hematuria and proteinuria (24 h urine 
albumin >1.5 g/24 h). His estimated glomerular filtration 
rate (eGFR) was 88 ml/min/1.73 m2. Ultrasonography imaging 
of the kidneys showed bilateral medical renal disease. The child 
was started on tablet enalapril and the parents were counseled 
regarding renal biopsy and need for RRT in the future. 
Electron microscopy examination of renal biopsy revealed 
a glomerulus that was moderately enlarged due to marked 
endothelial proliferation occluding the capillary lumina. 
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There was diffuse foot process flattening. The basement 
membranes were uniformly thin measuring from 60 nm to 
120 nm (an average of 85 nm). No defects with thickening of 
the basement membranes on basket weave pattern were seen, 
and a final diagnosis of Alport syndrome was made.

The child is the fifth child of a second‑degree consanguineous 
couple. He has a 24-year-old elder sister who is married. 
His three other elder male siblings died in childhood, cause 
not known. This child was born full term, vaginal delivery, 
following an uncomplicated pregnancy. Early developmental 
milestones were normal.

In July 2015, the child presented with gross hematuria, decreased 
urine output, generalized edema, and vomiting. He was admitted, 
started on hemodialysis (creatinine 7.1 mg/dl), and a repeat 
renal biopsy showed rapidly progressing glomerulonephritis. 
The child responded positively to this conservative 
treatment, serum creatinine stabilized at 3.35 mg/dl, and 
urine output maintained at 800 ml/day. The child was 
prepared for live-related renal transplantation. Gradually, 
the renal function deteriorated, and eGFR dropped down 
to 15 ml/min/1.73 m2. The mother agreed to donate one of 
her kidneys. The donor (mother) human leukocyte antigen 
type A, B, and DR showed a match at A*11, B*15, B*15, 
and DRB 1*12 with the recipient, indicating a 4/6 match 
between the patient and donor. The pretransplant legal, 
ethical, psychological, and other clinical formalities were 
completed. The mother had a normal urine protein excretion, 
no hematuria, and no hearing or ocular deficits. Live‑related 
preemptive transplant was performed in early 2016. The 
postoperative period was uneventful. Serum creatinine 
dropped down to 0.5 mg%. The child and his mother were 
discharged from the hospital within a fortnight. The child is 
on regular follow-up. Posttransplant anti-glomerular basement 
membrane (GBM) titers are being monitored and are negative.

discussion

Pediatric renal transplantations are generally performed in 
specialized centers due to the need for complex technical, 
metabolic, immunologic, and physiologic factors; moreover 
it involves a multidisciplinary team comprising transplant 
surgeons, anesthetists, pediatric nephrologists, and urologists 
who are supported by public relations and pediatric nurses.[5,6]

Hemodialysis and peritoneal dialysis are the most commonly 
used RRT in children with ESRD.[2] However, hemodialysis 
remains challenging in younger children due to difficulties 
with vascular access and low circulating volumes.[8] 
Peritoneal dialysis allows better growth and development 
and improved quality of life, moreover it is cost-effective. 
The 5-year patient survival after renal transplantation in 
children is 91.7% compared with 78.6% with hemodialysis and 
80.6% with peritoneal dialysis.[10] Due to superior outcomes 
after kidney transplantation, most children with ESRD are 
referred for transplantation, in contrast with adults where only 
16% of the dialysis population is listed for transplantation.[3]

Preemptive kidney transplantation from living donors 
is associated with the best outcomes in children. About 
one-third of pediatric living donor transplantations are 
performed preemptively in the USA.[9] Parents are the living 
donors for approximately three quarters of the children, and 
nearly two-thirds of the children who receive living donor 
kidneys are Caucasian males.[3] A majority of transplant 
recipients (39%) are in the age group of 13–17 years followed 
by 6–12 years (33%). Alport syndrome accounts for 1%–2% of 
patients reaching ESRD in Europe and 2.3% of the transplant 
population in the USA.[1,2,10] The probability of developing 
ESRD before the age of 30 is >90% in male patients with 
large rearrangement of COL4A5 or with small mutations 
leading to premature stop codons.[4,8,9] The overall rate of 
progression appears to be slower in male patients with splice 
site or missense mutations, with a probability of developing 
ESRD at 30 years in 70% and 50% of patients, respectively. 
Jais et al. reported on 118 males with Alport syndrome who 
underwent transplantation.[10] Nearly 2.5% of transplanted male 
patients developed anti-GBM glomerulonephritis leading to 
rapid graft loss. All three patients had a large deletion of the 
COL4A5 gene.[8,9]

Living kidney donation in Alport syndrome merits 
discussion. X-linked AS- related female donors may be 
asymptomatic carriers and are at risk for ESRD in 15% of 
cases. It is preferable to do genetic testing. It is preferable 
to consider those females who do not have genetic mutation. 
If genetic testing is not available, then urine protein and 
urine for hematuria should be tested. Women with overt 
proteinuria, hematuria, and those who display a hearing 
deficit should be rejected as donors, since they are risk 
factors for progression to ESRD. Some guidelines suggest 
a renal biopsy to access the extent of renal damage prior 
to donation. If a female carrier proceeds with donation, 
she must be aware of the risks of developing renal failure 
in later life and should use nephroprotective strategies to 
minimize the effects of hypertension and proteinuria from 
the time of surgery.[11]

Individuals from families with autosomal recessive 
Alport syndrome who have only one of the causative 
mutations (parents, offspring, some siblings) may be renal 
donors if they have normal blood pressure, proteinuria levels, 
and renal function. Genetic testing is recommended.[11,12]

Overt posttransplant anti-GBM disease occurs in 3%–5% of 
Alport syndrome patients. Onset is usually within the 1st year 
following transplantation. Regular screening for anti-GBM 
antibodies can be offered, especially if there is an underlying 
loss-of-function mutation and loss of alpha-5(IV) expression 
by immunohistochemistry.
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Introduction
The International Children’s Continence 
Society  (ICCS)  defines  intermittent 
incontinence as urine leakage in discrete 
amounts,  occurring  during  the  day  and/or 
at night in children aged ≥5 years. Enuresis 
is  intermittent  nocturnal  incontinence 
and includes incontinence in discrete 
episodes  while  asleep.  Nocturnal  enuresis 
is  not  a  condition,  but  a  symptom  of  an 
underlying  condition.[1]  Enuresis  among 
children  and  adolescents  is  common  but 
underreported.[2]  Primary  enuresis  (enuresis 
in  a  child  who  has  never  established 
continence  for  over  6  months)  is  the  more 
common  form,  occurring  in  80%  of  cases. 
Secondary  enuresis  is  the  reemergence 
of  enuresis  after  continence  has  been 
established  for at  least 6 months.[3] Primary 
nocturnal  enuresis  (PNE)  is  nocturnal 
wetting  in  a  child  who  has  never  been 
dry  on  consecutive  nights  for  longer  than 
6  months.[4]  Enuresis  may  occur  without 
lower  urinary  tract  symptoms  or  a  history 
of  bladder  dysfunction  (monosymptomatic/
uncomplicated)  or  with  lower  urinary 
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Abstract
Nocturnal  enuresis  is  a  common  problem  affecting  school‑aged  children  worldwide.  Although  it 
has  significant  impact  on  child’s  psychology,  it  is  always  under‑recognized  in  India  and  considered 
as  a  condition  which  will  outgrow  with  advancing  age.  Nocturnal  enuresis  classified  as  primary 
or  secondary  and  monosymptomatic  or  nonmonosymptomatic.  Factors  that  cause  enuresis  include 
genetic  factors,  bladder  dysfunction,  psychological  factors,  and  inappropriate  antidiuretic  hormone 
secretion,  leading  to  nocturnal  polyuria.  Diagnosis  consists  of  detailed  medical  history,  clinical 
examination, frequency‑volume charts, and appropriate investigations. The frequency‑volume chart or 
voiding diary helps in establishing diagnosis and tailoring therapy. The first step in treating nocturnal 
enuresis  is  to  counsel  the  parents  and  the  affected  child  about  the  condition  and  reassure  them  that 
it can be cured. One of  the effective strategies  to manage enuresis  is alarm therapy, but currently,  it 
is  not  easily  available  in  India. Desmopressin  has  been  used  in  the  treatment  of  nocturnal  enuresis 
for  close  to  50  years.  It  provides  an  effective  and  safe  option  for  the  management  of  nocturnal 
enuresis. This review covers the diagnosis and management of nocturnal enuresis and introduces the 
concept of  “bedwetting  clinics”  in  India, which  should help  clinicians  in  the  thorough  investigation 
of bedwetting cases.

Keywords: Bed wetting, desmopressin, frequency‑volume chart, incontinence, nocturnal polyuria 
voiding diary
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tract  symptoms  such  as  change  in  voiding 
frequency,  daytime  wetting,  dribbling,  and 
holding  maneuvers  (nonmonosymptomatic 
enuresis). Nocturnal  enuresis  is  three  times 
more common than daytime wetting.[3]

Impact of Bedwetting
Nocturnal  enuresis  can  cause  a  feeling 
of  failure  and  result  in  chronic  stress.  It 
impacts  the  emotional  state,  self‑esteem,  as 
well  as  the  social  development  of  a  child. 
The  fear  of  being  detected  by  peers  at 
school  can  cause  stress.  Children  may  feel 
unable  to  participate  in  activities  and  may 
feel  that  they  are missing  out  on  important 
aspects  of  their  life.[5,6] Children with 
nocturnal  enuresis  have  lower  self‑esteem, 
mental  health,  skills,  and  poorer  relation 
to  their  parents  and  others.  Children  with 
PNE  have  lower  self‑esteem  scores  than 
those  with  secondary  nocturnal  enuresis. 
Importantly,  after  treatment  for  nocturnal 
enuresis,  children  who  become  completely 
dry have higher self‑esteem than those with 
persisting  nocturnal  enuresis.[7]  Affected 
children  may  be  at  an  increased  risk  of 
physical  and  emotional  abuse  from  family 
members.[6]
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Epidemiology
The  worldwide  prevalence  of  enuresis  among  children 
aged  6–12  years  is  1.4%–28%.[2] Indian data on incidence 
and  prevalence  are  very  limited.  In  general,  prevalence 
of  nocturnal  enuresis  is  higher  among  male  children  than 
female  children  [Figure  1].  The  prevalence  in  India  is 
7.61%–16.3%.[8‑11] The prevalence is highest in children 
aged 5–8 years (and 6–8 years) and lowest in children aged 
11–12  years  (8–10  years).[9,10]  Nocturnal  enuresis  has  been 
reported  in  18.4%  of  children with  sleep  problems  from  a 
single center in India.[12]

In  rural  areas  in  India,  the  prevalence  is  higher  among 
children  from  poor  socioeconomic  class  compared  to 
those  from  the  upper  middle  class.  A  family  history  of 
enuresis  has  been  identified  in  enuretic  children  from both 
rural  and  urban  areas.  Other  risk  factors  include  living 
with  a  single  parent,  living  with  stepparents,  parents  with 
health  problems,  conflicts  at  home,  stress  due  to  enuresis, 
scolding,  and  poor  scholastic  performance.[8‑10] More 
enuretic children have a history of birth asphyxia, cesarean 
birth, low birth weight, and absence of breastfeeding.[8]

Pathophysiology of Bedwetting
The exact cause  for PNE  is not clearly known, but  several 
factors may be contributory. Nocturnal polyuria along with 
abnormal  circadian  release  of  antidiuretic  hormone  (ADH) 
or  arginine  vasopressin  (AVP)  is  an  important  contributor 
to  nocturnal  enuresis.[13‑15]  Impaired  or  deficient  growth 
hormone  release  may  inhibit  vasopressin  release,  causing 
excess  urine  production  at  night.[14]  Children  with  PNE 
have smaller functional bladder capacities and high bladder 
instability at night.[4]

Genetics plays a crucial role in nocturnal enuresis. Children 
of  parents  with  a  history  of  bedwetting  have  a  higher 
chance  of  having  bedwetting.[4] The ENUR1  gene  may  be 
involved  in  the  pathophysiology  of  enuresis.[14] Children 
with  attention‑deficit/hyperactivity  disorder  (ADHD) 
have  a  higher  prevalence  of  bedwetting  that  compared  to 
those  without  ADHD.[4]  Inadequate  arousal  may  impair 
secretion  of  vasopressin,  or  vasopressin  deficiency  may 

Figure 1: Prevalence of nocturnal enuresis in different studies in India

impair  arousal.  Either  way,  there  is  a  failure  to  awaken 
in  response  to  a  full  bladder.[14]  An  association  between 
enuresis  and  obstructive  sleep  apnea  syndrome  has  also 
been  reported.[4] Figure  2  summarizes  the  important 
pathophysiology of nocturnal enuresis.

Evaluation of Nocturnal Enuresis
History taking

This  helps  determine  whether  enuresis  is  primary  or 
secondary,  the  pattern  of  enuresis  (number  of  nights/week 
and number of episodes/night), and the pattern of nighttime 
fluid  intake. The  information  related  to  urinary  stream and 
presence  or  absence  of  voiding  symptoms,  such  as  slow 
stream,  splitting  or  spraying,  intermittency,  hesitancy, 
straining, and terminal dribble should be recorded, as it will 
help  in  indicating  the  underlying  pathologies.  A  detailed 
family history should also be obtained. Important questions 
to be asked are mentioned in Table 1.[16,17]

Clinical assessment of primary nocturnal enuresis

Physical  examination  should  involve  evaluation  of  the 
abdomen (check for distended bladder and fecal impaction), 
rectum, genitalia  (identify signs suggestive of sexual abuse 
which may  be  the  cause  of  secondary/persistent  enuresis), 
ears,  nose,  and  throat.  Neurological  assessment  is  also 
required.[3,4]  Infection  can  be  detected  through  urinalysis 
and  urine  culture.  Secondary  enuresis  can  be  identified  by 
testing  for  elevated  serum  glucose,  blood  urea  nitrogen, 
and  creatinine  levels  and  low  thyroid‑stimulating  hormone 
levels.

Assessment  of  overall  growth  with  the  help  of  growth 
charts  is  essential  to  check  for  growth  retardation 
due  to  chronic  kidney  disease  (CKD)  or  obstructive 
uropathy.[16]  Abnormalities  in  renal  concentrating  abilities 
should  also  be  evaluated.  In  general,  urodynamic  studies 
are  not  required.[3,17]  However,  urodynamic  studies  have 
indicated  that  bladder  wall  thickness  was  significantly 
higher in patients with detrusor overactivity and 
maximum  detrusor  overactivity  was  seen  in  children 

Figure 2: Pathophysiology of primary nocturnal enuresis
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with  nonmonosymptomatic  PNE  as  compared  to 
monosymptomatic  PNE.[18]  Although  rare,  the  possibility 
of  ectopic  ureter  is  to  be  ruled  out,  particularly  in 
treatment‑resistant  cases.  Such  patients  should  undergo 
imaging to get the exact diagnosis.[19]

Frequency‑volume charts/voiding diaries

A  baseline  record  of  the  enuresis  pattern  over  2  weeks 
can assess  enuresis  severity  and give an objective measure 
of  bladder  performance.[3]  Vande  Walle  et al. provided a 
format  for  a  daytime  diary  which  recorded  the  volume  of 
fluid  intake,  volume  of  urine,  and  occurrence  of  leakage. 
The  measurement  of  maximum  voided  volume  should  be 
made  over  at  least  2–4  days.  In  addition,  they  describe  a 
bedwetting  diary  to  detect  nocturnal  polyuria.  This  diary 

records  the  time  of  going  to  bed  and  waking  up,  whether 
it  was  a  dry  or  wet  night,  the  volume  of  urine  passed  at 
night  and  in  the  morning,  the  weight  of  the  diaper  in  the 
morning, and bowel movements.[17]

Differential Diagnosis
Renal, neurologic, and organic disease states can also cause 
symptoms  of  nocturnal  enuresis  [Table  2].[19‑22] Conditions 
such as neurogenic bladder, posterior urethral valves (PUV) 
and chronic kidney diseases can present as transient 
urethral  obstruction,  incomplete  voiding,  spontaneous 
bladder contractions, and increased urination at night which 
can  be  confused  with  nocturnal  enuresis.[20] It is crucial 
to  differentiate  PNE  from  secondary  enuresis  or  daytime 
incontinence with a nocturnal component.[19‑22]

Table 1: Questions to be asked while taking history
Factor Variables
When did bedwetting start Days or weeks
Previously been dry at night without assistance for 6 months Yes or no
Bedwetting pattern Nights/week, times/night, time of bedwetting, awakening after bedwetting

Whether volume of urine is large
Daytime symptoms and toileting pattern Frequency, urgency, wetting

Passing urine <4 times a day, poor urinary stream, pain while passing 
urine, abdominal straining
Whether symptoms occur in specific situations
Avoiding toilets when at school and other settings
Going to the toilet more/less frequently than peers

Fluid intake during the day Volume of fluid intake
Comorbidities Constipation and/or soiling; consistency of stool

Developmental, attention, or learning difficulties
Behavioral, emotional, or family problems
Diabetes mellitus

Table 2: Differential diagnosis of nocturnal enuresis
Condition Differentiating signs/symptoms Differentiating tests
Congenital abnormality of 
urinary tract

Urinary tract infections, continuous incontinence or 
dampness, hydronephrosis

Ultrasound of kidney and bladder; 
voiding cystourethrogram

Constipation Fecal incontinence, hard stools, rectal bleeding Bladder X‑ray or ultrasound
Diabetes mellitus Glycosuria, polyuria; possible weight loss and polydipsia Urinalysis, fasting serum glucose, 

glycated hemoglobin
Detrusor overactivity/areflexia Daytime urinary frequency, urgency; possible daytime 

incontinence
Urodynamics, bladder ultrasound

Emotional disturbance Depression and/or defiant activity Clinical diagnosis
Neurological disorder (spina 
bifida, epilepsy)

Daytime voiding dysfunction; spina bifida: sacral 
deformity
Epilepsy: at least two unprovoked seizures and may be 
associated with incontinence

Electroencephalogram, radiograph, 
computed tomography, or 
magnetic resonance imaging scan

Urinary tract infection Fever, dysuria, abdominal pain Urinalysis and urine culture
Pediatric vesicoureteral reflux Voiding symptoms, abdominal pain Renal ultrasound
Chronic kidney disease Increased urination especially at night, decreased 

urination, hematuria, puffy face or hands or feet
Renal ultrasound, urine tests, renal 
function test

Posterior urethral valve Urethral obstruction, incontinence Renal ultrasound
Neurogenic bladder Spontaneous bladder contractions, incontinence Uroflowmetry

Filling cystometrogram
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Treatment of Primary Nocturnal Enuresis
The  first  step  in  treating  PNE  is  to  educate  the 
child  and  parents  about  the  condition  and  provide 
reassurance regarding spontaneous resolution 
(annual  cure  rate  is  15%).[3]  Non‑pharmacologic  and 
pharmacologic  treatment  is  available.  Medication  should 
be initiated in children >5 years only if non‑pharmacologic 
measures  fail.[17,23]  Secondary  causes,  if  any,  should  also 
be  addressed.  An  evaluation  and  treatment  algorithm  is 
depicted in Figure 3.[24,25] Figure 4 depicts a comprehensive 
treatment algorithm.[17,25,26]

Non‑pharmacologic treatment

The primary management is through behavioral intervention, 
including  dry‑bed  training,  motivational  therapy,  classic 
conditioning  therapy  using  an  enuresis  alarm  system,  and 
hypnotherapy.[3] Dry‑bed training involves waking the child 
on  a  schedule  of  decreasing  intervals  over  several  nights. 
The  child  is made  to  change  clothes  and  bedding  (if wet), 
and walk to the toilet if voiding is required.[23] The efficacy 
of  dry‑bed  training  is  variable.  Factors  favoring  a  positive 
outcome  for  adapted  clinical  dry‑bed  training  include 
female  gender, mild  initial  enuresis,  current  diaper  use,  no 
prior anticholinergic treatment, and degree of enuresis after 
6 weeks of training.[7,27]

Motivational  therapy  involves  a  combination  of  providing 
reassurance,  emotional  support,  eliminating  guilt,  and 
rewarding  the  child  for  dry  nights.  Cleaning  after 
bedwetting  should  not  be  performed  as  a  punishment. The 
avoidance of dairy products,  fruits  juices, and fluids before 
bedtime is also beneficial. Motivational  therapy completely 
resolves enuresis in up to 25% of cases, and the number of 
wet nights  reduces  in up  to 70% of children. On  failure of 

3–6 months  of motivational  therapy,  different management 
strategies can be tried.[23]

Alarm therapy with an enuresis alarm is  the most effective 
strategy  for  curing  nocturnal  enuresis.  Success  rates  of 
66%–70%  are  reported  despite  being  a  difficult  treatment 
modality.[4]  Enuresis  alarms  should  be  considered  only 
when  behavioral  measures  are  unsuccessful.[3]  Enuresis 
alarm  consists  of  a  sensor  device  attached  to  the  child’s 
underwear  or  to  a  mat  under  the  bed‑sheet,  and  an  alarm 
placed on  the bedside or attached  to  the child’s collar. The 
sensor  on  the  device  is  activated when  bedwetting  occurs. 
The  alarm  conditions  the  child  to  sense  a  full  bladder  and 
awaken from sleep.[28] Alarm therapy requires treatment for 
6–16  weeks  and  may  be  more  effective  in  older  patients 
as  they are more motivated.[4]  Increased fluid  intake before 
going  to  bed  improves  the  efficacy  of  alarm  therapy  such 
that  more  children  in  the  increased  fluid  intake  group 
have  complete  resolution  of  nocturnal  enuresis  after 
2 weeks (39% vs. 24%, P < 0.05).[29] A simple alarm clock 
can  be  used  as  an  inexpensive,  simple,  safe  alternative 
to  an  enuresis  alarm.  The  child  is  awakened  for  voiding 
at  2–3  h  after  going  to  sleep.  The  efficacy  is  reported 
as  62%–77%.  Enuresis  alarms  can  be  used  along  with 
behavioral  or  pharmacologic  therapy.  In  general,  simple 
behavioral measures  are  inferior  to  alarm  therapy  in  terms 
of number of wet nights and number of children achieving 
14 dry nights.[23,30]

Alarm therapy is advantageous since it provides a real cure 
with  no  adverse  effects.  However,  it  requires  significant 
parental involvement and sleep disturbance, which could be 
stressful for child and family.[27,31] Currently, the availability 
of  alarm  devices  in  India  is  limited. A  simple  body‑worn 
alarm  is  available  and  other  types  of  alarms  can  be 

Figure 3: Enuresis treatment simple algorithm
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imported. However, patient acceptability of these devices is 
a major limitation.

In  Chinese  culture,  acupuncture  is  commonly  used  to 
treat  nocturnal  enuresis  and  is  safe  and  cost‑effective  as 
compared  to  conventional  therapy. A  recent  meta‑analysis 
found  that  acupuncture  improved  the  cure  rate  compared 
to  patients  receiving Western medicine.  Laser  acupuncture 
therapy  more  effectively  reduced  the  mean  number  of 
weekly  bedwetting  episodes  compared  to  placebo  and  also 
increased  bladder  capacity.[32]  Hypnotherapy  appears  to  be 
as effective as imipramine and has a lower relapse rate.[31]

In  a  systemic  review  of  56  clinical  trials,  alarm  training 
has  been  shown  an  effective  long‑term  treatment  approach 
in  treating  nocturnal  enuresis.  Although  alarm  therapy 
is  not  better  than  tricyclic  therapy,  it  has  a  lower  relapse 
rate.[33]  Dry‑bed  training  can  achieve  fewer wet  nights  per 
week compared to the alarm system, with a 58% long‑term 
remission  rate after 16 weeks of  treatment.[34] Combination 
therapy  with  an  enuresis  alarm,  bladder  training, 
motivational  therapy,  and  pelvic  floor muscle  training was 
successful  in 87% of patients after 14 weeks and improved 
functional bladder capacity from 53% to 88%.[35]

Pharmacotherapy

Pharmacologic therapies for nocturnal enuresis decrease the 
frequency  of  enuresis  and  temporarily  resolve  symptoms 
until  spontaneous  resolution occurs. Commonly used drugs 
are desmopressin, oxybutynin, and imipramine.[3,17,23]

Desmopressin

Desmopressin,  a  synthetic  analog  of  the  pituitary  hormone 
AVP,  has  been  used  in  the  treatment  of  nocturnal  enuresis 
close  to  50  years.  It  increases  reabsorption  of  water  by 
the  distal  convoluted  tubule  and  collecting  tubules  in  the 
kidney,  thus  reducing  urine  production.  The  response 
rate  to  desmopressin  therapy  is  60%–70%,  and  it  is  well 
tolerated.  Desmopressin  is  available  as  a  regular  tablet 
and  orally  disintegrating  tablet  (ODT),  and  the  response 
is  dose‑dependent.  Desmopressin  should  be  taken  before 
sleep. Fluid  intake must be avoided from 1 h before  to 8 h 
after  taking  desmopressin,  to  prevent  fluid  overload  and 
hyponatremia.[4,7]

Canadian enuresis and evaluation (CESE) study evaluated the 
efficacy  and  safety with  the  long‑term use of  desmopressin 
tablets.  In  this  study,  the  response  rate  remained  constant 

Figure 4: Comprehensive management of functional voiding disorder

[Downloaded free from http://www.indianjnephrol.org on Sunday, July 12, 2020, IP: 112.133.248.118]



Reddy, et al.: Nocturnal enuresis in Indian children

422 Indian Journal of Nephrology | Volume 27 | Issue 6 | November-December 2017

at  about  74% with  desmopressin  treatment  and  continuous 
treatment  reduced  the  median  number  of  wet  nights  from 
5.75 to 1.00/week during the observation period of 4 weeks. 
Increasing the dose from 0.2 to 0.4 mg resulted in a further 
31.1%  of  children  responding.  25.4%  of  patients  showed 
no  response,  which  was  attributed  to  either  dropouts, 
incomplete  data  from  patient  diaries,  or  relapses  (relapse 
was  defined  as  wet  for  ≥2  nights  during  the  28‑day 
treatment‑free period). Only 0.8% patients reported possible 
drug‑related  adverse  events,  and  there was  no  incidence  of 
hyponatremia in this study.[36] Two double‑blind randomized 
controlled  studies  have  demonstrated  that  desmopressin 
significantly  reduces  wet  nights  as  compared  to  placebo 
[Table 3 and Figure  5].[37,38]  Combined  pharmacotherapy 
with  desmopressin  and  oxybutynin  produces  more 
rapid  results  compared  to  imipramine  or  desmopressin 
alone.[39]  Greater  compliance with ODT  compared  to  tablet 
(40%  vs.  28%, P =  0.0425)  resulted  in  a  greater  reduction 
in  the  number  of  wet  nights  per  week.[40]  Combination 
therapy  with  desmopressin  ODT  and  tolterodine  was more 
efficacious  in  reducing  the  number  of  wet  nights  and 
preventing relapse compared to desmopressin ODT alone.[41]

Long‑term  (6  months)  desmopressin  treatment  as  the 
first‑line  therapy  in  children  with  monosymptomatic 
PNE  is  effective  and  well  tolerated.  The  reduction  in 

wet  nights  in  the  study  by  Lottmann  was  ≥50%  in  ~41% 
of  patients.[42]  Relapse  after  treatment  discontinuation 
is  known  to  occur.[39]  One  strategy  to  reduce  the  rate  of 
relapse  after  discontinuation  may  be  to  taper  the  dose 
of  desmopressin.  Two  different  structured  withdrawal 
regimens  for  desmopressin  ODT  resulted  in  significantly 
lower relapse rates (39.1% and 42.4%) compared to relapse 
rates  for  direct  withdrawal  (55.3%)  and  administration  of 
placebo after withdrawal (53.1%) at 12 weeks of follow‑up. 
Abrupt  withdrawal  was  independently  associated  with  a 
4‑fold higher odds of relapse.[43]

Desmopressin  appears  to  be  well  tolerated  in  children 
with  PNE,  irrespective  of  the  age  and  gender.[44] 
Treatment‑related adverse events are low, even on long‑term 
treatment.  Severity  is  usually  mild  to  moderate.[36‑42] 
Older  age,  fewer  wet  nights  per  week  before  treatment, 
nocturnal  polyuria,  higher  maximum  daytime  functional 
bladder  capacity,  history  of  breastfeeding,  and  lower  spot 
urine  osmolality  can  positively  affect  the  response  to 
desmopressin, while poor birth weight, poor  linear growth, 
low  AVP  concentration,  and  the  presence  of  spina  bifida 
occulta negatively affect the response.[45‑49]

The  combination  of  an  enuresis  alarm  with  desmopressin 
may  be  superior  to  the  use  of  an  alarm  alone.[50] A  study 
in  children  with  monosymptomatic  nocturnal  enuresis 
comparing  desmopressin  alone,  alarm  alone,  and  a 
combination  of  the  two  found  that  the  reduction  in  the 
number  of  wet  nights  was  higher  with  desmopressin 
alone  and  the  combination.  However,  the  number  of 
relapses  was  lowest  among  patients  undergoing  alarm 
therapy  alone.[51]  The  addition  of  dietary  changes  to 
desmopressin  was  more  effective  than  desmopressin 
alone  (67.2%  vs.  58.6%  response  and  31.1%  vs.  46.3% 
relapse,  favoring  the  combination).[52]  Nasal  formulation 
of  desmopressin  is  not  recommended  for  the  use  in 
management  of  PNE  as  hyponatremia  is  more  frequently 
reported  when  desmopressin  administered  by  nasal  spray 
compared  with  the  tablet  formulation.  ODT  formulation 
is  most  preferred  formulation  for  the  treatment  of  PNE 
with  minimal  risk  of  hyponatremia  if  patient  follows  the 
instructions.[53,54]

Table 3: Clinical trials with desmopressin
Author Study design Treatment Results
Schulman 
et al. (n=193)

Double‑blind, 
placebo‑controlled, 
randomized, parallel 
group, multicenter trial

Phase 1: dose ranging for 2 weeks: 
oral desmopressin (0.2, 0.4 or 0.6 mg) 
or placebo at bedtime
Phase 2: placebo washout for 2 weeks 
followed by dose titration for 8 weeks

Desmopressin significantly reduced wet nights 
compared to placebo ~44% of children treated with 
desmopressin achieved ≥50% reduction in the number 
of wet nights/2 weeks with doses of 0.2 and 0.4 mg
Mild‑to‑moderate adverse effects unrelated to treatment

Skoog 
et al. (n=141)

Double‑blind, 
placebo‑controlled, 
randomized, parallel 
group trial

Oral desmopressin (0.2, 0.4, 0.6 mg) 
or placebo before bedtime

Desmopressin 0.6 mg significantly reduced wet nights 
compared to placebo (P<0.05)
<50% decrease in wet nights was observed in 83%, 
79%, 64%, and 61% of patients receiving placebo and 
0.2, 0.4, 0.6 mg desmopressin, respectively

Figure 5: Decrease in number of wet nights after 2 weeks and 6 weeks of 
treatment with oral desmopressin
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The  important  precautions  and  instructions  for  the  use  of 
desmopressin  are  given  in  the  form  of  “Do’s  and  Don’ts” 
in Table 4.[55]

Imipramine

Imipramine  has  a  weak  anticholinergic  effect  and 
nonadrenergic  effects.  The  latter  could  decrease  detrusor 
muscle  activity.  The  initial  dose  of  imipramine  is  25  mg 
before  bedtime.  If  this  is  ineffective  after  1  or  2  weeks 
of  use,  the  dose  can  be  increased  to  50  or  75  mg  daily 
(depending on age). Following 6 months of  treatment with 
imipramine,  the  success  rate  is  15%–50%,  but  relapse  is 
common  after  discontinuation.  Side  effects  are  usually 
mild,  but  overdose  can  result  in  serious  and  potentially 
lethal  effects  (ventricular  dysrhythmias,  seizures,  and 
coma). There  is  a  reluctance  to  use  imipramine  due  to  the 
narrow toxic/therapeutic ratio.[3,23]

The International Continence Society (ICS) states that use 
of  imipramine  may  be  associated  with  cardiac  toxicity.[50] 
The  society  also  suggests  that  imipramine  and  other  drugs 
of  the  same  family  have  potential  cardiotoxic  side  effects 
and  hence  cannot  be  recommended  for  the  treatment  of 
a  nonlethal  disorder  like  enuresis.  Although  treatment 
with  tricyclic  drugs  is  associated  with  a  decrease  of  one 
wet  night  per  week,  the  lasting  cure  rate  of  only  17% 
restricts the use of these drugs. Only in selected cases (like 
adolescent  boys  with  ADHD  and  persistent  nocturnal 
enuresis),  imipramine  should  be  considered.  The  ICS 
recommendation  on  use  of  imipramine  is  Grade  1C.[50] 
The World  Health  Organization  and  National  Institute  for 
Health and Care Excellence (NICE) guidelines recommend 
not  to  use  tricyclic  antidepressants  (e.g.,  imipramine)  as 
the  first‑line  treatment  for  bedwetting  in  children  and 
young people.[56,57] NICE guidelines also recommend not to 
offer  an  anticholinergic  combined with  imipramine  for  the 
treatment of bedwetting in children and young people.[56]

Anticholinergic drugs

Anticholinergics  such  as  oxybutynin  improve  bladder 
capacity  by  decreasing  uninhibited  bladder  contractions 
and decreasing detrusor tone as well as urgency and 
frequency.[3]  Combination  therapy  with  desmopressin  and 
an  anticholinergic  provides  a  more  rapid  and  efficacious 
response  compared  to  desmopressin  alone  in  children with 
primary monosymptomatic nocturnal enuresis.[58]

A  summary  of  treatment  options  is  presented  in 
Table 5.[3,7,30‑50]

Guidelines for the Treatment of Nocturnal 
Enuresis
There  are  several  guidelines  for  the  management  of 
nocturnal  enuresis. However, no  India‑specific guidelines 
exist.  ICCS  recommends  taking  a  proper  history  and 
using  a  voiding  chart  for  primary  evaluation.  Bladder 
advice,  alarms,  and/or  desmopressin  are  the  primary 
treatment  option,  and  therapy‑resistant  cases  could  be 
treated  with  anticholinergics  if  constipation  is  treated  or 
excluded.  Anticholinergics  could  also  be  an  add‑on  to 
desmopressin.  In  case  of  failure  with  anticholinergics, 
imipramine may be used as the last option in complicated 
cases.[59]

Table 4: Do’s and don’ts for desmopressin use
Do’s Don’ts
Use of voiding (bladder) diary as advised by your doctor Drink excess of fluids
Regular follow‑up with your doctor Drinking beverages at night, for example, chocolates, milk, 

cola, tea, coffee, and cold drinks.
Follow the instructions given by doctor Use in patients with moderate‑to‑severe renal disease
Consult the doctor in case of any untoward symptoms, for example, 
nausea, vomiting, headache, loss of energy, fatigue, restlessness and 
irritability, muscle weakness, spasms or cramps, excessive drowsiness, 
decreased serum sodium, weight gain, convulsions

Use when sodium levels are below normal range

Encourage water intake during daytime and restrict the fluid intake in 
the evening

Use in loose motions, fever, infection, heart ailments, and 
other conditions requiring treatment with diuretic drugs

Inform the doctor that you are taking desmopressin when you have any 
hospitalization

Use in children below the age of 5 years

Structured withdrawal (tapering) of desmopressin, leaving the dose 
constant and increasing daily treatment intervals to every second 
evening for 2 weeks, twice weekly for 2 weeks, and once weekly for 
2 weeks or as per the suggestions given by your doctor

Stopping the treatment with desmopressin suddenly

Table 5: Comparison of efficacy of nonpharmacologic 
and pharmacologic options for treatment of nocturnal 

enuresis
Therapy Response (%) Relapse rate (%)
Dry‑bed training 50 40
Alarm 66 15‑50
Motivational therapy 25 5
Desmopressin 60‑70 60‑80
Imipramine 40‑60 82‑100
Oxybutynin 47‑71 83
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The ICS recommends the use of oral desmopressin. It is more 
effective  in  children  with  nocturnal  polyuria  and  those  with 
limited number  of wet  episodes  per month. Desmopressin  is 
safe  and well  tolerated,  and  although  severe water  retention, 
hyponatremia, and convulsions are reported,  the frequency  is 
low. Imipramine may cause cardiac toxicity and should thus be 
considered only in select cases, such as adolescent boys with 
ADHD  and  persistent  nocturnal  enuresis.  Oxybutynin  may 
be an option  in patients who fail  to  respond  to desmopressin 
and may be used  in combination with desmopressin  in cases 
with  suspected detrusor overactivity.[50] The NICE guidelines 
recommend  against  the  combination  of  an  anticholinergic 
with  imipramine.[7]  Mathew  has  summarized  Indian  context 
on  the management  of  nocturnal  enuresis  and  recommended 
some  behavioral  interventions,  desmopressin,  alarm  therapy 
as  the  treatment  of  choice  and  tricyclic  anti‑depressants  as  a 
reserved option.[60]  Indian data on these treatment options are 
very limited though.

Concept of a Bedwetting Clinic
A bedwetting clinic is a highly specialized setup consisting 
of  staff  specialized  in evaluating and managing bedwetting 
problems.  The  team  includes  urologists,  pediatric 
specialists,  nephrologists,  pediatricians,  psychologists, 
or  psychiatrists  and  nurses.  Bedwetting  clinics  can  help 
parents whose children suffering from bedwetting and their 
families.  In  India,  however,  the  concept  of  “bedwetting 
clinic”  does  not  exist. Thus,  introduction  of  a  “bedwetting 
clinic”  which  would  provide  a  thorough  evaluation  and 
management  can  be  a  boon  for  children  and  ease  the 
distress and frustration associated with this condition. Such 
clinics can be run on specific day of a week or month. The 
initial  visit  can  include  a  detailed  evaluation  of  a  child, 
including  the  history  of  bedwetting  and  explaining  the  use 
of voiding diary  in details. Nurses or paramedical staff can 
also be  trained on  the counseling and use of voiding diary. 
Parents  and  child  can  be  counseled  on  various  methods 
to  manage  bedwetting.  The  healthcare  professional  and 
parent  can  together  develop  a  plan  of  action  to  stop  the 
bedwetting episodes. Support for the family would continue 
even  after  significant  progress  has  been  made  in  stopping 
bedwetting. Progress would be monitored  till  the  child has 
significantly more dry nights. It may take around 6 months 
to  stop  bedwetting  completely,  but  this  time  frame  varies 
considerably  depending  on  the  child  and  severity  of  the 
problem. At  the  level  of  primary  care,  bedwetting  clinics 
can help in the initial screening, diagnosis, and management 
of  such  cases,  and  at  the  tertiary  care  level,  it  can  help  in 
comprehensive  assessment  of  complicated  cases  with  the 
help  of  specialists.  These  clinics  can  be  used  as  referral 
centers  for  the patients  seeking  treatment and primary care 
physicians can refer such cases to these centers.

Conclusion
Nocturnal  enuresis  is  a  serious  problem  that  affects 
children as well as  their  families. The  impact of nocturnal 

enuresis  is  under‑recognized  in  India,  and  data  on 
prevalence  in  India  are  very  limited.  The  socioeconomic 
and  cultural  settings  are  vastly  different  in  India,  and 
bedwetting is considered as a taboo. Obtaining an accurate 
patient  history  is  important  as  it  helps  in  distinguishing 
the  type  of  enuresis  and  its  possible  cause.  A  voiding 
diary  facilitates  the  correct  diagnosis.  Spending  time with 
the  patient  for  detailed  history  taking  and  counseling  and 
discussing  the  treatment options are of utmost  importance. 
Behavioral  therapy  is  the  initial  approach;  however,  if  it 
does  not  give  the  desired  results,  other  options  should  be 
considered  immediately.  Alarm  usage  in  India  is  limited 
and  its  availability  is  a  major  concern.  Pharmacotherapy 
includes  various  agents  including  a  new melt  formulation 
of desmopressin. It is necessary to document the treatment 
response  in  Indian  patients  with  these  medications. 
A  standard  treatment  algorithm  for  diagnosis  and 
management  should  help  Indian  pediatricians  to  correctly 
diagnose  and  manage  patients  with  bedwetting.  Novel 
concept  like  “bedwetting  clinic”  can  help  these  patients 
suffering silently.
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INTRODUCTION
Bladder cancer is a kind of urological tumor with 
relatively high mortality, morbidity and recurrence 
metastasis rate.1 Although endoscopic transurethral 
resection of bladder (TURB) is often performed as 
the primary therapy, 50-70 percent of patients have  
a recurrence within five years and approximately  
20 percent progress to invasive disease.2 The current 
treatment options like hormone therapy, radiotherapy,  
chemotherapy are into practice, but severe side effects 
limit its clinical use and underscore the need for 
unconventional therapies using less toxic substances.  
Many natural substances are touted for their medicinal  
aspects and side effect profiles, and some of these 
have been well characterized for their biological and  
medicinal properties.3 Despite the availability of several  
therapeutic options, a safer and more effective modality  
is urgently needed for treatment of bladder cancer.4  
Thus, the primary therapeutic objectives are to prevent  

Evaluation of in vitro Antioxidant and Anticancer activity of  
Simarouba glauca leaf extracts on T-24 Bladder cancer cell line

ABSTRACT
Objective: Screening of preliminary phytochemicals, evaluation of in vitro antioxidant and in 
vitro anticancer activities of Simarouba glauca leaf extracts on T-24 Bladder cancer cell line.  
Materials and Methods: Herbal extraction was carried out by Soxhlet method using chloroform,  
ethylacetate, methanol, ethanol, aqueous and hydroalcohol. Phytochemical investigation was  
done using biochemical tests. Total phenolic content was estimated by Folin-Ciocalteu  
reagent (FCR) method. Antioxidant potential of leaf extracts was analyzed by Ferric ion reducing  
antioxidant power (FRAP) assay, Phosphomolybdenum (PM) assay and 2,2-Diphenyl-1-picrylhy-
drazyl (DPPH) radical scavenging assay. In vitro anticancer activity on T-24 bladder cancer cell line  
was assessed by MTT assay. Statistical analysis used: Statistical analysis of data was  
performed by analysis of variance (one-way ANOVA) and level of statistical significance  
between groups was carried out using GraphPad Prism version 5.0 for Windows (GraphPad 
Software, San Diego, CA, USA). Results: Phytochemical analysis revealed the presence of 
rich secondary metabolite present in all the solvent extracts. Hydroalcoholic extract showed 
highest presence of phenolic content (92.38±0.29 mg/g) GAE. Ethanol and methanol extract 
showed highest antioxidant capacity in DPPH, FRAP and PM assay as compared to the other 
extracts based on the test performed. The results confirmed that ethanol extract significantly 
(p<0.05) inhibited T-24 cell line with IC50 value (533.55±25.02 µg/mL) as compared to standard 
drug doxorubicin (0.16µM/mL). Conclusions: The results of the present findings strengthen  
the potential property of Simarouba glauca as a resource for the discovery of novel antioxidant 
and anticancer agents.

Key words: Antioxidant; Anticancer; Bladder Cancer; Phytochemical; Simarouba glauca.
Key Messages: The use of medicinal plants have been practiced to treat cancer aliments 
across the world. Our study demonstrates the implication of herbal extracts to inhibit cancer  
cell lines at in vitro levels. However, the further approaches at in vivo level using lead  
compounds will give core insights of S. glauca extracts on Bladder cancer.
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multiple recurrences, as well as progression to a 
more advanced, invasive disease.
In recent years, there are constant researches on 
Simarouba glauca (S. glauca) in inhibiting the 
metastasis and invasion of breast cancer tumors 
according to local Ayurvedic practitioners, but there  
are untouched studies on S. glauca inhibiting bladder 
cancer cells. Simarouba glauca belonging to family 
Simaroubaceae is commonly known as paradise-tree,  
dysentery-bark, and bitter wood.5 It is native of El 
Salvador that has been introduced in India during 
1960.6 It is known for its high medicinal value and 
have strong anti-plasmodial, antibacterial, antifungal  
activity.7,8 Extracts of S. glauca have been used for 
treatment of gastrointestinal disorders.9 Thus, in 
order to deeply comprehend, we evaluated S. glauca 
leaf extract for preliminary phytochemical screen-
ing, total phenolic content, and in vitro antioxidant 
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potential was analyzed by ferric ion reducing antioxidant power assay, 
phosphomolybdenum assay, DPPH assay and in vitro anticancer activity 
was evaluated on T-24 bladder cancer cells by MTT assay. 

Subjects and Methods
Collection of plant and authentication 
The plant Simarouba glauca was collected from Indian Council of Medi-
cal Research-National Institute of Traditional Medicine (ICMR-NITM)  
Campus, Belagavi in the month of February 2015. It was authenticated 
by Dr. Harsh Hegde, Taxonomist, Scientist ‘D’ (ICMR-NITM), Belagavi, 
India. The herbarium of the plant was prepared. The leaves of the plants  
were removed cleaned for unwanted dust particle and shade dried for  
20 days. The shade dried leaves were crushed to fine powder and stored 
in air tight container until further used. 

Preparation of plant extract 
About 100 g of powdered leaves were subjected to soxhlet extraction  
following the method of Jensen,10 using different solvents in their 
increasing polarity viz. chloroform, ethyl acetate, methanol, ethanol, 
aqueous and hydro alcohol followed by concentration of extractions by 
rotary vacuum evaporator and drying by using water bath.

Phytochemical analysis
Preliminary phytochemical screening was carried out for all six solvent 
extracts. The crude extracts were tested for presence of phytochemicals  
namely alkaloids, flavonoids, glycosides, phenols, lignin’s, saponins, sterols,  
tannins, anthraquinone and reducing sugar by following the protocol of 
Deepti et al.11

Determination of total phenolic content
The total phenolic content of S. glauca was determined by using Folin-
Ciocalteu method described by Pardhi et al., with slight modification.12 
A volume of 0.125 mL of extract is mixed with equal volume of Folin-
Ciocalteu reagent and incubated for 10 min. Then 1.25 mL of aqueous 
sodium carbonate and 1mL distilled water is added and the reaction 
mixture is incubated for 90 min. at 370 C. The absorbance was read at 
760 nm spectrophotometrically. Gallic acid is used as standard and total 
phenolic content was expressed as mg/g Gallic acid equivalent (GAE). 

in vitro antioxidant assay
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
assay 
The free radical scavenging effect of S. glauca extract was assessed with 
the stable scavenger DPPH with slight modifications of the method 
described by Brand-Williams et al.13 Briefly, the concentrations (100 μL 
to 500 μL) of extracts were prepared in ethanol. DPPH solution (0.004%) 
was prepared in ethanol and 1 mL of this solution was mixed with the 
same volume of extract and standard solution separately. The mixture 
was incubated for 30 min. in the dark at room temperature and the  
absorbance was measured at 517 nm. Ascorbic acid was used as a standard.  
The degree of DPPH-purple decolorization to DPPH yellow indicated 
the scavenging efficiency of the extract. Lower absorbance of the reaction 
mixture indicated higher free radical-scavenging activity. 
The scavenging activity against DPPH was calculated using the equation:

c t

c

A A
DPPH scavenging activity (%) 100

A
−

= ×

Where Ac is the absorbance of the control reaction (1mL of ethanol with 
1mL of DPPH solution), and At is the absorbance of the test sample. The 
results were analyzed in triplicate. The IC50 value is the concentration of 
sample required to inhibit 50% of the DPPH free radical.

Ferric ion reducing antioxidant power (FRAP) assay
Ferric reducing antioxidant power assay was used to measure the antiox-
idant power of the extracts. Antioxidant activity assays were performed 
by the method described by Oyaizu et al. with slightest modification.14 
Ethyl acetate, methanol, ethanol, aqueous and hydro alcohol extracts of 
S. glauca in different concentrations ranging from 100 μL to 500 μL were 
mixed with 2.5 mL of 0.2 mM phosphate buffer (pH 7.4) and 2.5 mL of 
potassium ferricyanide, (1% W/V). The resulting mixture is incubated  
at 500 C for 20 min. followed by the addition of 2.5 mL of trichloroacetic  
acid (10% W/V) and centrifuged at 3000 rpm for 10 min. 2.5 mL of  
distilled water is added and later 0.5 mL of ferrous chloride (0.1% W/V). 
Finally, the absorbance was measured at 700 nm. Ascorbic acid was used 
as positive reference standard. 

Phosphomolybdenum (PM) assay
Total antioxidant activity was estimated by PM assay using standard  
procedure of Prieto et al.15 Ethyl acetate, methanol, ethanol, aqueous and 
hydro alcohol extracts of S. glauca in different concentration ranging  
from 100 μL to 500 μL were added to each test tube individually contain-
ing 3 mL of distilled water and 1 mL of molybdate reagent solution. 
These tubes were kept incubated at 95°C for 90 min. After incubation, 
they are kept in room temperature for 20-30 min. and the absorbance is 
measured at 695 nm. Ascorbic acid is used as reference standard.

Culturing of cell lines
T-24 bladder cancer cell line and Mouse embryo fibroblast (MEF-L929) 
normal cell line were procured from National Centre for Cell Science, 
Pune, India. The cells were subcultured in dulbecco modified eagle  
medium (DMEM) supplemented with 10% fetal bovine serum, 1%  
penicillin-streptomycin, 1% non-essential amino acids in tissue culture 
flasks and incubated in a CO2 incubator in a 5% CO2 and 95% humidity 
atmosphere. After trypsinization the cell count was done and the cell  
viability was tested by trypan blue dye exclusion method using  
haemocytometer. A known number of cells (4 X 103 cell/well in 100 µL 
of medium) were seeded into 96-well plates respectively for carrying out 
MTT assay by following the method of Ghagane et al.16 

Treatment groups
T-24 and MEF-L929 cell lines were treated with S. glauca leaf methanol, 
ethanol and aqueous extract (5 mg/mL). Desired concentrations of test 
compounds were prepared in 0.1% di-methyl sulfoxide (DMSO) prior 
to the experiment.17 The reactant mixtures were diluted with media 
and cells were treated with different concentration ranges of the extract 
(3.125-200 μg/mL) and incubated for 72 h respectively which was the 
optimal treatment time of the extracts in each of the cell lines. The effect 
induced was also compared to the standard drug used viz. doxorubicin 
T-24 bladder cancer cell line. The following treatment groups were set up  
of the study. Negative control: cells alone. Positive control: cells + doxo-
rubicin. Test groups: cells+ methanol extract of S. glauca leaves; cells+ 
ethanol extract of S. glauca leaves; and cells+ aqueous extract of S. glauca 
leaves, same treatment group was followed for mice embryo fibroblast 
(MEF-L929) normal cell lines. 

MTT Cell Viability assays
After 72 h the media of treated cells (100 μL), were removed and the cell 
culture were incubated with 50 μL of MTT at 370 C for 4 h. After incubation,  
the formazan produced were then solubilized by the addition of 100 μL 
DMSO. The suspension was placed on a microvibrator for 5 min and 
then absorbance was recorded at 470 nm by ELISA reader and the results 
were analyzed in triplicate and percentage was calculated.
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Statistical analysis
All results were expressed as mean ± SD for three replications. Statistical  
analysis of data was performed by analysis of variance (one-way 
ANOVA) and level of statistical significance between groups was carried  
out using GraphPad Prism version 5.0 for Windows (GraphPad  
Software, San Diego, CA, USA). At least three independent analyses were 
carried out per sample.

RESULTS AND DISCUSSION
In recent years ethno-medicine plants have played an important role in 
prevention and treatment of various diseases, there are several known 
and unknown medicinal compounds obtained from plant origin.18 Many  
species of the Simaroubaceae family display prominent anticancer  
activity.19 The plant collected from (ICMR-NITM) Campus, was identified  
according to their taxonomical characters as Simarouba glauca and  
analysed for the presences of phytoconstituents with five solvent extracts. 
In the present study 100 g of S. glauca leaves powder gave total yield of  
6.8 g in chloroform, 9.6 g in ethyl acetate, 24.64 g in methanol, 16.52 g  
in ethanol, 20.80 g in Aqueous and 31.2 g in hydroalcoholic solvent w/w 
respectively with reference to the air dried plant material. All six different  
extracts of S. glauca subjected for preliminary phytochemical analysis  
showed presence of rich phytoconstituents. Phytochemical analysis 
revealed the presence of rich secondary metabolites synthesized in the  
plant that includes phenols, flavonoids, alkaloids, saponins, anthraquinone,  
glycosides, lignins and tannins. The result of phytochemical test has been 
summarized in (Table 1). These bioactive compounds are employed in  
the treatment of cancer, malaria, worms, viruses, gastritis, ulcer, inflam-
mation, diarrhoea and diabetes, in addition to their insecticide, healing 
and tonic activities.20

The total phenolic content of different extracts of S. glauca leaves was 
determined by Folin-Ciocalteu reagent method. Phenolic content of 
aqueous and hydroalcoholic extract, calculated from the calibration 
curve (R² = 0.9867) was 92.38±0.29 mg/g GAE and (R² = 0.9837) was  
90.55±0.66 mg/g GAE showing the highest phenolic content as compared  
to ethanol (R² = 0.9807) 84.55±0.59 mg/g GAE, ethyl acetate and methanol  
extracts 82.41±00.54 mg/g GAE and 76.69±0.14 mg/g GAE. The phenolic  
content is responsible for the bioactivity of these crude extracts. The 
presences of phenolic compounds in the S. glauca extracts holds redox 
properties, which allow them to act as antioxidants and scavenge the free 
radical activity facilitated by their hydroxyl groups, the total phenolic 
concentration could be used as a base for rapid screening of antioxidant 
properties.21,22

Different concentrations of ethyl acetate, methanol, ethanol, aqueous 
and hydroalcoholic extract of S. glauca leaf extracts were subjected to 
DPPH free radical scavenging assay. The antioxidant capacity of the  
extract was compared with ascorbic acid as standard antioxidant. Ethanol,  
methanol aqueous and hydro alcohol extract presented higher antioxi-
dant activity than the ethylacetate extract. Reactive oxygen species play 
an important role in the oxidative damage of biological systems.23 Herbal 
extracts rich in secondary metabolites, including phenolics, flavonoids 
and tannins, have antioxidant activity due to their redox properties and 
chemical structures.24 The DPPH radical scavenging method is widely 
used in assessing free radical scavenging activity because of the ease of 
the reaction.16 The ethanol leaf extract (90.35±0.51%) of S. glauca had 
strong antioxidant activity against all the free radicals investigated at 
concentration of 500 mg slightly lower to that of standard ascorbic acid, 
(92.15±0.88%) compared to other solvent extracts (Table 2). 
The reducing power of the crude extracts was studied as a function  
of their concentration. Antioxidant potential of S. glauca was examined 

Table 1: Preliminary phytochemical screening of S. glauca leaves extracts

Constituent Test Chloroform Ethyl acetate Methanol Ethanol Aqueous Hydro alcohol

Alkaloids Iodine - - - - - -

Wagner’s ++ - ++ ++ + +

Dragendroff ’s + - ++ ++ - +

Flavonoids Pew’s - - + + - -

Shinoda - - + ++ + -

NaOH - + - ++ ++ +

Glycosides Keller-Killani + ++ ++ ++ + -

Glycosides - ++ - ++ ++ +

Conc. H2SO4 ++ ++ ++ ++ ++ ++

Molisch’s ++ ++ ++ ++ ++ ++

Phenols Ellagic acid - ++ ++ ++ ++ ++

Phenol - ++ ++ ++ ++ ++

Lignins Labat + - + + -

Saponins Foam test - - + - + +

Sterols Salkowski’s + + ++ ++ + +

Tannins Gelatine + - - + + +

Lead acetate - - ++ ++ ++ ++

Anthraquinone Bomtrager’s - - - ++ + -

Phlobatannins - - ++ + - -

Reducing sugar ++ + + ++ + -

Volatile oil ++ - - + - +

: - Absent; +: Moderately present; ++: High presence
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for their ability to reduce ferri cyanide Fe+3 to ferro cyanide  Fe+2 by  
donating an electron. In the present study the FRAP assay was estimated 
by using the leaf extracts of S. glauca. Out of five extracts, ethanol extract 
exerted the highest reductive capacity followed by subsequent extracts.  
The presence of antioxidants in any extract causes the reduction of  
the ferri cyanide Fe3+ (complex) to ferro cyanide Fe2+ (ferrous form).25 
The ferrous ion can be measured by FRAP assay at 700 nm which give 
the quantifiable estimation of phenols involved in redox reactions. The 
S. glauca leaf extracts showed quantitatively similar reducing ability with 
ethanol and methanol extract being far superior to aqueous and hydro 
alcohol extracts at higher concentrations. However, the reducing ability 
was slightly lower than that of ascorbic acid tested (Figure 1). 
The quantitative phosphomolybdenum method was developed to evaluate  
the total antioxidant capacity of the S. glauca extracts. The reducing 
power of a compound is associated with electron donating capacity 
and serves as an indicator of antioxidant activity.26 The total antioxidant 
capacity was evaluated by phosphomolybdenum assay, which measures 
the reduction of Phosphate-Mo (VI) to Phosphate-Mo (V) by the sample 
and subsequent formation of a bluish green colored Phosphate-Mo (V)  
complex at acidic pH. Basically it helps to investigate the reduction rate  
among antioxidant and molybdenum ligand 15. In the present investigation  
ethanol (0.383±0.002) and methanol (0.317±0.005) extracts exhibited  
higher absorbance than the aqueous and hydro alcohol extracts in various  
solvents exhibiting different degrees of activity as shown in. (Figure 2). 
Absorbance is directly proportional to the antioxidant activity and gives 
reducing potential of plant extracts.27

Cytotoxicity, commonly found within the Simaroubaceae family, is  
primarily attributed to the dense chemical diversity, due to the presence 
of quassinoids, alkaloids, phenols, steroids, flavonoids, anthraquinone, 
coumarins and saponins, which have pharmacological properties such 
as cytotoxicity, antimalarial, insecticidal, antitumor, hypoglycemic and 
antiulcer activities characterize the species of this particular family.28,29

In vitro cytotoxicity test using T-24 bladder cancer cell line was executed 
to evaluate potentially toxic compounds that affect basic cellular functions 
and morphology.30 Cellular proliferation was estimated by the MTT  
assay with varying concentration (3.125, 6.25, 12.5, 25, 50, 100, 200 µg/mL)  
of S. glauca leaf extracts and positive control (doxorubicin) for 72 h. 
Each extract were evaluated in triplicates by serial dilution. The absor-
bance at 490 nm was detected. Ethanol and methanol extracts showed 
effective growth inhibition at higher concentration 200 µg/mL compared 

Table 2: Determination of percentage inhibition of DPPH radical scavenging activity of S. glauca

Concentration
Percentage of Inhibition

Ethyl acetate Methanol Ethanol Aqueous Hydroalcohol Ascorbic acid

100 mg 41.52±0.54 64.96±0.42 59.64±0.80 31.68±0.20 38.53±0.19 78.20±0.56

200 mg 55.30±0.19 74.87±0.58 64.76±0.63 56.05±0.10 55.46±0.31 83.23±0.12

300 mg 68.24±0.19 81.42±0.45 78.12±0.86 72.85±0.24 64.58±0.98 84.85±0.12

400 mg 71.54±0.41 85.48±0.44 84.81±0.51 81.62±0.67 76.20±0.01 86.63±0.21

500 mg 73.60±0.78 88.43±0.18 90.35±0.51 83.68±0.77 88.93±0.32 92.15±0.88

Values are mean ± SD, n = 3. Results were analyzed using One-way ANOVA.

Table 3: IC50 values of cell proliferation inhibition of S. glauca extracts (µg/ml)

Cells Ethyl acetate Methanol Ethanol Aqueous Hydroalcohol

T-24 2650.11±12.05 842.27±14.04 533.55±25.02 1019.10±11.05 1642.21±18.03

Doxorubicin 0.16 µM/mL

Figure 1: FRAP assay for extracts of S. glauca.

Figure 2: PM assay for extracts of S. glauca.
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to other extracts and lower than standard drug doxorubicin (Figure 3). 
All extracts showed increasing cytotoxicity in dose and incubation time  
period dependent mode from lower to higher concentration. Cell  
morphological changes in T-24 bladder cancer cells treated with S. glauca 
leaf extracts were observed microscopically. Treatment with S. glauca 
leaf extracts and doxorubicin drug significantly decreased the number  
of viable cells and produced microscopic changes in morphology  
compared with those of the controls after 72 h incubation at 200 μg/mL. 
The cells showed shrinkage, membrane blebbing and cytoplasmic vacu-
olation (Figure 4). However, there was no inhibition and morphological 
changes observed in normal (MEF-L929) cell line. The IC50 values for the 
in vitro cytotoxic activity was investigated for ethyl acetate, methanol,  
ethanol and aqueous extracts of S. glauca and standard drug doxorubicin  
against T-24 bladder cancer cell lines and noncancerous (MEF-L929) 
cell line. The results showed that ethanol extract significantly (p<0.05) 
inhibited T-24 cell lines and was the most potent extract with IC50 value  
(533.55±25.02 µg/mL) as compared to standard drug doxorubicin  
(0.16 µM/mL). However, methanol, aqueous, hydroalcohol and ethyl  
acetate extracts showed moderate cytotoxicity (Table 3). Moreover, a 
higher degree of correlation was observed between antioxidant and  
anticancer of S. glauca extracts this might be due to the presence of rich 
secondary metabolites present in the plant.31,32 The result of MTT assays  

revealed that most effective cell growth inhibition activity were observed 
in ethanol and methanol extract of S. glauca leaves that decreased the  
percent viability of all the cells but to different extent towards T-24  
cancer cell lines. No cytotoxic effect towards noncancerous normal 
mice embryo fibroblast (MEF-L929) cell line was observed among the 
extracts used. Standard chemotherapeutic drugs doxorubicin which is  
commonly used in the treatment of bladder cancer was found to a certain  
degree of similarity to the effect induced by the extracts. The cells were 
visually and microscopically inspected each time they were handled. 
Correspondingly morphological changes were observed in the cells 
enduring membrane blebbing and cell shrinkage by the combination of 
extracts and the standard drug induced in cancerous cells. 

CONCLUSION
In conclusion the overall results of the present study provided evidence 
of antioxidant and anticancer activities of S. glauca. The selectivity of the 
plant proved to be a promising anticancer potential by inhibiting T-24 
bladder cancer cell line. However, the search for new lead compounds  
from natural sources with more effective and less toxic compounds  
constitute interesting alternatives for the development of anticancer 
drugs in bladder cancer treatment. Thus, further studies are in process to 
evaluate the potent lead fraction of the active plant.
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• The plant Simarouba glauca was collected from (ICMR-NITM), campus, Bel-
agavi.

• Preliminary phytochemical analysis revealed high presence of phenolic content 
in methanol, ethanol and hydro-alcohol leaf extracts of S.glauca.

• Methanol, ethanol proved to be high potential of antioxidant properties in the 
leaf extracts analyzed by FRAP assay, PM assay and DPPH assay. 

• In vitro anticancer activity on T-24 bladder cancer cell line was assessed by MTT 
assay which proved to be a promising anticancer potential by inhibiting T-24 
bladder cancer cell line. 

• The search for new natural sources with more effective and less toxic com-
pounds constitute interesting alternatives for the development of anticancer 
drugs in bladder cancer treatment.
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O R I G I N A L  A R T I C L E

Abstract
Background: Abnormal lipids are an important risk factor for development 
of Coronary Artery Disease, significant patients have normal lipid profile 
and yet develop CAD. Apolipoproteins B, Apolipoproteins A and their ratio 
have been shown to be better predictor of risk of developing Coronary 
artery disease. 

Objective: Assess the Apo B / Apo A ratio with coronary artery disease 
in patients with normal lipid profile.

Methods and Results: In 4232 patients with history of CAD 3724(88 
%) had abnormal apo b / apo a ratio. Of 2920 patients with normal LDL 
levels (<100 mg), 2454 patients had abnormal apob/apoa ratio of which 
2200 (91%) had CAD. In 1946 patients on lipid lowering agents 1819 had 
abnormal apo b/ apo a ratio and all had CAD. 

Conclusion: This study ascertains the importance Apo B, Apo A ratio 
over conventional lipid profile values for predicting CAD and its severity. 
Apo B/ Apo A ratio and CAD was found to be significant in patients with 
normal LDL, even in patients with history of dyslipidemia on statins this 
ratio was significant. Statins have been effective in lowering LDL, but have 
not shown changes in Apo B levels. Apo B and Apo A should be used to 
assess the atherogenic potential of lipid disorders. 

Editorial Viewpoint
• APO B/APO AI ratio has 

been shown to be better 
predictor of CAD.

• T h i s  s t u d y  s h o w s  i t s 
utility in patients with 
otherwise normal lipid 
profile.

cytokines. Considerable interest 
arose in apolipoproteins, mainly 
a p o l i p o p r o t e i n  B ,  t h e  m a j o r 
protein in non–HDL-C atherogenic 
lipoprotein particles (including 
low-density lipoprotein [LDL], 
intermediate density lipoprotein, 
very low density lipoprotein, and 
Lp(a)) and apolipoprotein A-I, 
which is the major apolipoprotein 
c o n s t i t u e n t  o f  h i g h - d e n s i t y 
lipoprotein (HDL).2

A t h e r o s c l e r o t i c  d i s e a s e 
implicates a  mult i tude of  r isk 
f a c t o r s ,  o f  w h i c h  l i p i d  a n d 
lipoprotein metabolism assumes 
central importance. Furthermore, 
lipoprotein cholesterol (particularly 
low density lipoprotein cholesterol 
[LDL-C]) constitutes an established 
risk factor and a primary treatment 
t a r g e t  f o r  t h e  p r e ve n t i o n  o f 
coronary heart disease (CHD). 
The third Adult treatment Panel of 
the National Cholesterol Education 
program (NCEP ATP-III) introduced 
non–high-dens i ty  l ipoprote in 
cholesterol (HDL-C) as a better 

Introduction

Coronary artery disease (CAD) 
is a leading cause of morbidity 

and mortality in the developed 
world and is rapidly assuming 
epidemic proportions in developing 
countries including India. India has 
to its discredit the highest number 
of coronary artery diseases in the 
world.  Premature mortality in 
terms of years of life lost because 
of  CVD in India  increased by 
59%, from 23.2 million (1990) to 
37 million (2010). Despite wide 
heterogeneity in the prevalence of 
cardiovascular risk factors across 
different regions, CVD has emerged 

as the leading cause of death in all 
parts of India, including poorer 
states and rural areas.1

Conventionally, serum abnomal 
lipid profile has been considered 
to be an important risk factor for 
development of coronary artery 
disease. However there are subsets 
of patients who do not have raised 
l ip id  prof i le  and yet  develop 
coronary artery disease. 

Extensive research has been done 
to determine the risk factors unique 
to this group which may predispose 
to the elevated risk of this disease. 
I m p o r t a n t  a m o n g s t  t h e m  a r e 
l i p o p r o t e i n s ,  h o m o c y s t e i n e , 
lipoprotein (a), pro-inflammatory 
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risk predictor particularly among 
hypertriglyceridemic individuals.3

A p o l i p o p r o t e i n  B , 3 , 5 
apolipoprotein A-I, 6,7 and even 
m o r e  s o  t h e i r   r a t i o s 8 - 1 0  h a s 
been  sugges ted  by  a  number 
of epidemiological and clinical 
studies as superior indicators of 
cardiovascular risk. Numerous 
studies have been conducted with 
contrasting results. Various studies 
reported a similar predictive power 
for lipids and apolipoproteins.11,12 
Some argued that apolipoprotein 
add to prediction of the traditional 
lipids,4 whereas others did not find 
apolipoprotein to have a predictive 
power beyond that of lipids.13,14

Studies have been undertaken 
t o  e v a l u a t e  t h e  r o l e  o f  t h e 
a p o l i p o p r o t e i n - B 1 0 0  ( a p o - B ) /
apolipoprotein-AI (apo-AI) ratio 
as  a  predictor  of  CAD risk in 
the atherosclerosis-prone Indian 
population, as compared to other 
conventional lipid ratios.2

Although most of comparative 
studies of  apolipoproteins A-I 
and B with lipids were conducted 
among healthy individuals, only 
a  few studied the  associat ion 
between lipoprotein components 
a n d  p r o g n o s i s  a m o n g  C H D 
patients.6,7,15,16 In various studies 
national and international, lower 
levels of plasma apolipoprotein 
AI (Apo A-I) and higher levels 
of ApoB, and the ratio of ApoB 
to ApoA-I have been proved to 
be independent risk factors for 
coronary heart disease.17,18

There are very few studies in 
this regard in Indian subcontinent.

No study has been done exploring 
the  associat ion of  Apo B/Apo 
AI ratio with angiographically 
proven coronary artery disease 
with normal lipid profile in the 
Indian population.

Methodology

The present study was conducted 
in the Department of Cardiology, 
KLES Dr. Prabhakar Kore Hospital 
and Medical  Research Centre , 
Belgaum on patients during the 
period of  one year.  One cross 
sectional study was done on patients 
admitted with history suggestive of 
Ischemic heart disease (clinically 
symptoms of ischemia like chest 
pain and ECG changes) including 
MI, Unstable angina and Stable 
angina were included. Patients 
with liver disease and renal disease 
over excluded.

The study was approved by the 
Institutional Ethics Committee and 
a written informed consent was 
obtained. Demographic data like 
gender and age were collected along 
with relevant history and recorded 
on predesigned and pretested 
proforma.  A thorough cl inical 
examination was conducted and 
the findings were also recorded.

Body Mass Index = Weight (Kg) / 
Height2 (m). Body mass index was 
classified according to Overweight 
and obesity by BMI in adults as 
below (Table 1).19

Routine invest igat ions such 
as  haemogram (haemoglobin , 
total  count,  differential  count, 
erythrocyte sedimentation rate), 
mini renal, liver function test, urine 
routine and microscopy were done. 
Others tests like fasting blood sugar, 
electrocardiogram were carried 
out. Special tests such as cardiac 
enzymes,  fasting l ipid profile, 
apolipoprotein A (by Turbidimetry 
method),  apolipoprotein B (by 
Turbidimetry method) ,  hsCRP 
(by PETIA method) and coronary 
angiography were conducted and 
recorded. 

The results of the angiography 
w e r e  t e r m e d  a s  s i g n i f i c a n t 

depending on the number diseased 
vessels and stenosis of >70% of the 
vessel diameter.20

• Normal 
• Single vessel disease 
• Double vessel disease 
• Triple vessel disease 

B a s e d  o n  N C E P  ( N a t i o n a l 
Cholesterol Education Program) 
guidelines3 normal values of lipid 
parameters were;
• Low density lipoprotein < 100 

mg/dL
• High density lipoprotein 
 • Females > 50 mg/dL 
 • Males > 40 mg/dL 
• Total Cholesterol < 200 mg/dL.

Inflammatory marker hsCRP 
was calculated and its association 
with Apo b and Apo a was noted. 
Normal values were defined as 
hsCRP < 3 mg/dL.21

Apo B to A Ratio

Although c l in ica l  ev idence 
clearly demonstrates that apoB 
a n d  a p o A - I  a r e  s i g n i f i c a n t l y 
associated with CAD risk, they 
have not been generally accepted 
as  therapeut ic  targets  by  the 
various bodies providing lipid-
regulating guidelines. The gold 
standard test for CAD prevails to be 
Coronary angiography. However, a 
target apoB level of <90 mg/dl for 
patients with CAD or at high risk 
of CAD has been suggested by the 
Canadian Cardiovascular Society.22 
Based on the known strong positive 
relationship between non-HDL 
cholesterol and apoB, a target levels 
for apoB has been proposed by 
an updated revision of the NCEP 
ATPIII guidelines.3 According to 
various studies apoB/apoA-I ratios 
of 0.8 is considered as abnormal. 
Statistical Analysis

The data obtained was tabulated 
and analysed using rates, ratios 
and percentages. The data was 
a n a l y s e d  u s i n g  F i s h e r  e x a c t 
test, chi-square test with Yate’s 
correction wherever indicated and 
Odd’s ratio. A ‘p’ value of less than 
0.05 was considered as statistically 

Table 1: Classification of BMI

Classification BMI  
(Kg/m2)

Risk of co-
morbidities

Underweight < 18.5 Low (But 
increased 
risk of other 
clinical 
problems

Normal range 18.5 to 24.99 Average 
Overweight ≥ 25
Preobese 25.0 to 29.99 Increased 
Obese I 30 to 34.99 Moderate 
Obese II 35 to 39.99 Severe
Obese III >40 Very severe
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Table 2: Baseline characteristics and biochemical profile of patients

Parameters Males (Mean ± SD) Females (Mean ± SD)
Age (years) 52.23 ± 10.98 56.25 ± 10.15
BMI (kg/m2) 26.97 ± 2.35 28.47 ± 2.41
Waist circumference (cms) 83.96 ± 8.13 88.31 ± 8.97
Total cholesterol (mg/dL) 171.12 ± 31.42 165.63 ± 38.56
Triglycerides (mg/dL) 132.65 ± 51.94 123.56 ± 51.70
HDL (mg/dL) 43.57 ± 16.10 43.44 ± 8.59
LDL (mg/dL) 90.32 ± 31.83 99.06 ± 38.51
HDL to Total cholesterol ratio 0.26 ± 0.08 0.28 ± 0.08
Hs-CRP (mg/dL) 5.01 ± 4.67 5.31 ± 4.21
Apolipoprotein A 1(mg/dL) 71.64 ± 21.50 74.50 ± 19.58
Apolipoprotein B (mg/dL) 105.40 ± 22.58 117.00 ± 26.52
Apo B to Apo A 1 ratio 1.59 ± 0.56 1.68 ± 0.55

Table 3:  Risk factors

Risk factors Distribution No. (%)
Diabetes 931 (22)
Hypertension 1693 (40)
Dyslipidemia 1947 (46)
Smoking 1354 (32)
Angina 466 (11)
MI 762 (18)
CVA 42 (1)

Table 4:  Cholesterol, hsCRP and ApoB 
Apo A1 levels

Distribution
No. (%)

Total cholesterol (mg/dL)
Normal (< 200) 3682 (87)
Abnormal (> 200) 550 (13)
High density lipoprotein levels (mg/dL)
Low (Males < 40; 
Females < 50)

2031 (48)

Normal (Males > 40; 
Females > 50)

2201 (52)

Low density lipoprotein levels (mg/dL)
Normal (< 100) 2920 (69)
Raised (> 100) 1312 (31)

Hs-CRP Levels (mg/dL)
Normal (< 3) 804 (19)
Raised (> 3) 3428 (81)

Mean ±  S.D.
Apo A 1 (mg/dL) 107.3 ± 23.5
Apo B (mg/dL) 72.1 ± 21.14
Apo B to Apo A1 ratio 1.61 ± 0.56

Table 5:  Comparison of Apo B to Apo 
A1 ratio with CAD

Angiographic 
findings

Apo B to Apo A1 ratio
Abnormal (%) Normal (%)

Normal 
coronaries

69.23 30.76

Coronary 
artery disease

90.8 9.19

x2
YC=16.407 p<0.001

OR = 14 95% CI;  
3.60 – 54.46

p<0.001

Table 6:  Correlation of History of dyslipidemia with Apo B/A 1ratio

Angiographic 
findings

Abnormal Apo B/A1 (n=3724) Normal Apo B/A1(n=508)
H/o of dyslipidemia H/o of dyslipidemia

Yes (n=1820)
No. (%)

No (n=1904)
No. (%)

Yes (n=127)
No. (%)

No (n=381)
No. (%)

Normal 0 (0) 381 (20) 0 (0) 169 (44.44)
Single 677 (37.21) 1058 (55.56) 42 (33.33) 169 (44.44)
Double 635 (34.88) 254 (13.33) 85 (66.67) 0
Triple 508 (27.91) 211 (11.11) 0 (0) 43 (11.11)

x2=13.679; p<0.001

significant.

Results

In the study, age distribution 
of most of the patients (40%) were 
in the in the age group of 51 to 60 
years followed by 24% in 41 to 50 
years and 16% in 61 to 70 years 
(Table 2).

Majority of the patients (97%) 
presented with complaints of chest 
pain and breathlessness was noted 
in 31%. However, both complaints 
were seen in most of the patients.

The major r isk factors were 
dyslipidemia (46%) followed by 
hypertension and smoking (Table 
3). A large proportion of the patients 
were in the obese I group (72%). 
However 13% of patients were in 
obese II group and 11% were at risk. 
The mean waist circumference was 
84.66 ±8.38 cms. The mean BMI was 
27.21 ± 2.41 Kg/m2

In the present study mean pulse 
rate was 80.20 ± 8.56 beats per 
minutes. The mean systolic and 
diastol ic  blood pressure  were 
133.20 ± 18.29 and 82.20 ± 9.70 mm 
Hg respectively. 

In this study mean fasting blood 

sugar levels were 128.70 ± 55.56 
mg/dL. The cholesterol, HDL, LDL 
and hsCRP levels with percentage 
distribution (Table 2).

Overall mean Apo A 1 was 107.3 
± 23.5 mg/dL and Apo B was noted 
as 72.1 ± 21.14 mg/dL. The mean 
Apo B to Apo A1 ratio was 1.61 ± 
0.56. (Table 4) with abnormal Apo 
B to Apo A 1 ratio in 88% patients.

Discussion

Lipids have been correlated to 
severity of coronary atherosclerosis. 
Va r i o u s  e p i d e m i o l o g i c a l  a n d 
clinical studies in the past have 
consistently demonstrated that an 
elevated concentration of LDL-C is 
associated with an increased risk 
of CAD. They have been a well-
established risk factor for CAD 
and have been the recommended 
as the primary target for lipid-
lowering therapy for the prevention 
and treatment of cardiovascular 
disease.21

Apolipoproteins are important 
components of lipoprotein particles, 
and there is accumulating evidence 
that the measurement of various 
forms of  apol ipoproteins  may 

improve the prediction of the risk 
of cardiovascular disease.21 Apo B is 
present as a single molecule in non 
-HDL, while Apo A-I is the major 
apolipoprotein associated with 
HDL.21 There is abundant evidence 
that the risk of CAD is related to 
plasma lipid and apolipoprotein 
levels.21

I n  t h e  s t u d y  o f  t h e  4 2 3 2 
subjects 84% were males and 16% 
were  females  indicat ing male 
p r e p o n d e r a n c e ,  o v e r a l l ,  t h e 
mean age was 52.87 ± 10.89 years 
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In various studies17,23-25 similar 
findings have been noted. This 
might be due to the increased 
prevalence of risk factors of CAD in 
males. Dyslipidemia was the most 
common among the risk factors 
(46%) followed by hypertension, 
smoking and diabetes (40%, 32% 
and 22%). 21,23,24

I n  t h i s  s t u d y ,  m o s t  o f  t h e 
patients were in the obese I group 
reiterating the fact that CAD is 
intimately related to BMI. The 
mean BMI in the study was 27.21 ± 
2.41 Kg/m2. In males the mean BMI 
was 26.97 ± 2.35 and in females it 
was 28.47 ± 2.41 Kg/m2. The mean 
total cholesterol was found to be 
170.24 ± 32.51 mg/dL.23,24

NCEP guidelines regard total 
cholesterol cut off value of less than 
200 mg/dL as within the normal 
l imits.  In this study 87% were 
found to have total cholesterol < 
200 and 13% mg/dL. The mean total 
cholesterol was found to be 171.12 
± 31.42 mg/dL in males and in 
females it was 165.63 ± 38.56 mg/dL. 
In previous study23 done in Israel 
mean total cholesterol among males 
was 219 ± 30 mg/dL and females it 
was 230 ± 30 mg/dL. Variation in 
the present study can be attributed 

to patients being on lipid lowering 
agents like statins (Table 2).

In  the  present  s tudy,  large 
number of patients were found 
to have HDL levels in the normal 
range. HDL levels were found to 
be more than normal range (>40 in 
males and >50 in females) in 52% of 
the patients with CAD. Overall, the 
mean HDL was 43.55 ± 15.11 mg/dL 
and in males the HDL levels were 
43.57 ± 16.10 mg/dL and in females 
it was 43.44 ± 8.59 mg/dL which 
was similar to previous studies 
(Table 2).23,24

Apol ipoprote in  B/A 1  rat io 
was  found to  be  s igni f icant ly 
higher (>0.8) in 88% of the patients 
who were found to have CAD 
on coronary angiography. The 
significant number of patients 
i n  t h i s  c a t e g o r y  r e i t e r a t e d 
Apolipoprotein B/Apolipoprotein 
A 1 ratio as a predictor for risk of 
CAD. These were similar to the 
findings in this study.

A significant relationship was 
found between ratio of Apo B / Apo 
A1 and coronary artery disease. 
S igni f icant ly  more  number  of 
patients 3343 (90.8%) with Apo B / 
Apo A in the abnormal range (>0.8) 
were found to have CAD and only 
381 had normal coronary arteries 
(p<0.001). With regard to patients 
with normal Apo B / Apo A1 ratio 
only 339 (9.19%) patients had CAD 
whereas 169 had normal coronaries 
(Table 5).

In this  study many patients 
h a d  d y s l i p i d e m i a  a s  a  r i s k 
factor. These patients had either 
history of dyslipidemia or were 

already on lipid lowering agents 
(atorvastatins and rosuvastatin), 
on optimal dosage according to 
ATP 4 guidelines.  Of the 3724 
patients with abnormal Apo B to 
A 1 ratio, 1820 patients had history 
of  dysl ipidemia.  Among them 
27.91% patients had triple vessel 
disease, 34.8% had double vessel 
disease, and 37.21% had single 
vessel disease whereas in those 
with no history of dyslipidemia 
(45 patients) 11.11% had triple 
vessel disease, 33.33% had double 
vessel disease and 55.5% had single 
vessel  disease.  This difference 
statistically significant (p<0.001). 
Thus having established that single 
vessel disease was still seen (55.5%) 
with no history of dyslipidemia but 
abnormal Apo B to Apo A ratio. 
Previously no other study has 
observed this correlation which 
is statistically significant among 
dyslipidemia Apo B to Apo A1 
ratio and severity of CAD. This 
findings confirmed that Apo B to 
Apo A 1ratio and dyslipidemia are 
reliable and important factors for 
CAD (Table 6).

Among patients with abnormal 
Apo B to Apo A 1ratio, majority 
were in obese I category. Among 
them 41.43% had single, 28.57% 
had double and 20% had triple 
vessel disease.  Of the obese II 
patients, 53.85% had single, 7.69 
had double and 23.03% had triple 
CAD. However, all the patients 
with at risk obesity had normal 
coronaries. This difference was 
statistically significant (p<0.001) 
thus proving that the ratio of the 
apolipoprotein were correlated to 

Table 7:  Correlation of abnormal Apo B/A 1ratio with BMI 
and CAD

Angio-
graphic 
findings

Abnormal Apo B/A ratio (n=3724)
Underweight 

(n=0)
No. (%)

Normal 
(n=0)

No. (%)

At risk 
(n=212)
No. (%)

Obese I 
(n=2962)
No. (%)

Obese II 
(n=550)
No. (%)

Normal 0 (0) 0 (0) 212 (100) 296 (10) 85 (15.38)
Single 0 (0) 0 (0) 0 (0) 1227 (41.43) 296 (53.85)
Double 0 (0)  0 (0) 0 (0) 846 (28.57) 42 (7.69)
Triple 0 (0)  0 (0) 0 (0) 593 (20) 127 (23.08)
Total 0 (0) 0 (0) 212 (100) 2962 (100) 550 (100)

x2=28.250; p<0.001

Table 8:  Correlation of Apo B/A ratio with total cholesterol 
and CAD

Angio-
graphic 
Findings

Abnormal Apo B/A1 
(n=3724)

Normal Apo B/A1  
(n=508)

TC < 200 
(n=3301)         
No. (%)

TC > 200
(n=423)
No. (%)

TC < 200
(n=382) 
No. (%)

TC > 200
(n=126) 
No. (%)

Normal 212 (6.41) 168 (40) 170 (44.44) 0 (0)
Single 1651 (50) 85 (20) 170 (44.44) 42 (33.33)
Double 804 (24.36) 85 (20) 42 (11.11) 42 (33.33)
Triple 635 (19.23) 85 (20) 0 (0) 42 (33.33)
Total 3301 (100.00) 423 (100) 382 (100) 126 (100)

x2 = 11.564; p=0.009
Table 9:  APO B/A 1 ratio in CAD vs 

normal coronary arteries with 
normal LDL (<100 mg/dL)

N=2920 APO B/A1 ratio
Abnormal 

No. (%)
Normal  
No. (%)

Normal coronaries 254 (54.5) 212 (45.5)
Coronary artery 
disease

2200 (89.7) 254 (10.3)

x2
YC=6.087; p=0.014

OR = 7.22; 95%CI 1.68-31; p=0.008
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BMI. The higher the BMI, the more 
was the risk of CAD indicating 
importance of Apo B/A 1ratio as a 
predictive marker (Table 7).

According to NCEP guidelines 
total cholesterol is considered a 
risk factor for CAD with cutoff 
values of >200 mg/dL. In this study 
we compared pat ients  having 
abnormal Apo B / Apo A ratio and 
their total cholesterol values with 
CAD. Out of 3724 patients with 
abnormal Apo B / Apo A, 3301 had 
total cholesterol < 200 mg/dl. In this 
group of 3301 patients with total 
cholesterol <200 mg/dL 3089 had 
significant cad (p<0.009) (Table 8).

Low density lipoprotein has 
been established as a risk factor 
and the primary treatment target 
for prevention of heart disease. In 
the study, 2920 patients were found 
to have normal LDL (<100 mg/dL). 
Among these patients, 58% patients 
were found to have abnormal Apo B 
/Apo A ratio; out of which 52% had 
proven CAD on angiography. This 
value was statistically significant 
(p=0.014) (Table 9). These finding 
were consistent with A M O R I S 
study9 which postulated that Apo 
B was more significant than LDL 
cholesterol in prediction of risk of 
MI in both men and women but 
especially in those having normal 
/ low LDL-C levels. Similar study23 
examined the levels of LDL-C with 
severity of CAD and found no 
differences among the subgroup of 
the patients. The authors examined 
whether levels of LDL-C, were 
related to CAD, but did not find 
an association with CAD. Study 
revealed strong relations between 
Apo A-I and Apo B levels and the 
presence of CAD as defined by 
the observation of vessel stenosis. 
These findings were similar to the 
present study. This suggests that 
the traditional thought about risk 
for CAD being less in patients 
with normal LDL does not hold 
weightage.

In the study 69% of the patients 
with CAD had LDL less than 100 
mg/dL. The mean LDL was found 
to be 91.72 ± 32.93 mg/dL.24 Low 

density lipoproteins have been the 
standard marker for determination 
of the risk of CAD. LDL levels 
more than 100 mg/dL in patients 
have been known to be associated 
with higher  r isk of  CAD. The 
disparity in the levels of LDL in 
the present study and other studies 
can be explained by the fact that 
most of the patients in this study 
were on l ipid lowering agents 
like statins. Patients which were 
admitted in the hospital had either 
history of dyslipidaemia in the 
family (35%) or had been already 
initiated on lipid lowering agents 
by primary health care physicians 
(65%) because of deranged lipid 
parameters. It has been proven 
beyond doubt that lipid lowering 
agents decrease the levels of LDL 
but their effects on Apo B has been 
controversial as proved by ACCESS 
study.25 This study has shown 
that statins have been effective 
in lowering LDL, but have not 
shown commensurate changes in 
Apo B levels. Also, these findings 
suggest that determination of the 
risk for CAD may not entirely be 
associated with the levels of LDL 
and it may not be the gold standard 
determinant for the risk of CAD 
thus, necessitating the need for 
newer markers to assess risk of 
CAD (Table 9).The mean Hs-CRP 
was found to be 5.06 ± 4.58 mg/dL.

H e n c e ,  a  n e w  m a r k e r  f o r 
determination of CAD in patients 
w i t h  n o r m a l  l i p i d  p r o f i l e  i s 
required. Apo B / Apo A ratio seems 
to be the much needed answer. 
Summary

Apo B / Apo A 1 ratio has been 
an established risk factor for CAD. 
The treatment goals for prevention 
of CAD have been attributed to 
LDL levels.  Few patients have 
optimal LDL levels, yet develop 
CAD. 

In this study, of the patients 
with CAD, 90.8% had abnormal 
Apo B/Apo A ratio and 9.19% had 
normal ratio. This difference was 
statistically significant (p<0.001). 
We established that single vessel 

disease was still seen (55.5%) with 
no history of dyslipidemia but 
abnormal Apo B to Apo A1 ratio. 
Previously no other study has 
observed this correlation which 
is statistically significant among 
dyslipidemia Apo B to Apo A 1 
ratio and severity of CAD. This 
findings confirmed that Apo B to 
Apo A 1 ratio and dyslipidemia 
are reliable and important factors 
for CAD.

In patients of normal LDL (<100 
mg/dl), 2454 had abnormal Apo B/
Apo A1 ratio of which 89.7% had 
angiographically proven CAD. 
In these pat ients  with normal 
LDL Apo B/Apo A1 rat io  was 
found abnormal with statistically 
significant correlation to severity 
of CAD on angiography (p=0.008). 
This finding reiterated that Apo B, 
Apo    A 1and their ratio are better 
markers of coronary artery disease 
than conventional lipid profile.

This study proved that CAD was 
prevalent in patients with normal 
LDL levels but abnormal Apo B 
/ Apo A 1 ratio thus establishing 
Apo B  /  Apo A 1  ra t io  as  an 
important diagnostic criteria for 
prognostication of CAD and to 
assess atherogenic potential of lipid 
disorders.
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ABSTRACT

Background: Depression is a major public health concern. Inflammation and oxidative stress have emerged as major 
contributors to the neuroprogression of depression. There is evidence that there are reduced antioxidant (AOX) defenses 
in depression. Hence, this study is aimed at evaluating the antidepressant activity of coenzyme Q10 (CoQ10) which is 
an AOX. Aims and Objective: The aim and objective of the study is to evaluate the effect of CoQ10 on depression 
using behavioral models of depression namely forced swim test (FST) in male Wistar rats and tail suspension test (TST) 
in male Swiss albino mice. Materials and Methods: The antidepressant activity of CoQ10 was evaluated using two 
behavioral models of depression namely FST and TST in male Wistar rats and male Swiss albino mice, respectively. The 
standard antidepressant used was amitriptyline. Results: There was statistically significant difference in the duration of 
immobility with amitriptyline and CoQ10 treated groups, when compared to that of control group in both behavioral 
models of depression. It was also found that there was no statistically significant difference between amitriptyline and 
CoQ10, indicating comparable antidepressant activity. Conclusion: Based on the findings of this study, it can be concluded 
that, CoQ10 has significant antidepressant activity. Taking into consideration the fact that, inflammation and oxidative 
stress have a major role to play in the pathophysiology of depression, CoQ10 appears to be a promising agent for the 
treatment of depression.

KEY WORDS: Coenzyme Q10; Depression; Amitriptyline

INTRODUCTION

Depression is a major public health concern affecting about 
350 million people across the globe. It is a disabling disease 
causing a person to function ineffectively both at home as well 
as in the workplace. The worst consequence of depression is 
suicide. These suicides translate into loss of 1 million lives 
every year which is equivalent to about 3000 deaths every 

day. Hence, there is an urgent need to curb depression and 
treat it effectively.[1]

Unfortunately, though antidepressants are so widely 
prescribed, it has been found that 30% of depressed patients 
do not respond at all and the 70% of patients who are left over 
do not achieve complete remission. Besides, antidepressants 
are known to have a variety of adverse effects. Hence, there 
arises a need for exploring the antidepressant effects of 
agents acting through mechanisms which differ from those 
of the existing drugs.[2]

Inflammation and oxidative stress have emerged as major 
contributors to the neuroprogression of major depressive 
disorder (MDD). Neuroprogression is a process of progressive 
neurodegeneration which involves various pathological 
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processes, namely, apoptosis, reduced neurogenesis, reduced 
neuronal plasticity, and increased autoimmune responses. All 
these can be recognized at clinical, structural and biochemical 
levels in MDD. Patients with the disorder have shown 
increased inflammatory and oxidative stress biomarkers. 
“Oxidative stress is the result of the biological imbalance 
between reactive oxygen species (ROS) and antioxidants 
(AOXs) which subsequently would lead to the alteration 
of biomolecules and the loss of control of the intracellular 
redox-related signaling pathways.”[3]

About two decades have been spent in researching the role 
of altered immune regulation in the etiology and course of 
depression. To highlight the role of these pathophysiological 
factors various theories with different terminologies have 
been put forward, for instance, the monocyte-T-lymphocyte 
hypothesis of depression, the cytokine hypothesis of depression 
and the inflammatory hypothesis of depression. The most recent 
terminology has been termed as the immuno-inflammation and 
oxidative and nitrosativa stress model of depression.[4]

Evidence also points out that, there are reduced AOX 
defenses in depression as indicated by lowered levels of key 
AOXs and AOX enzymes which include reduced levels of 
coenzyme Q10 (CoQ10), serum zinc, vitamin E, glutathione 
and glutathione peroxidase (GPX). CoQ10 offers resistance 
to oxidative and nitrosative stress (O and NS) induced damage 
to mitochondria and is a key player in the electron transport 
chain (ETC) that is required in the generation of adenosine 
triphosphate (ATP).[5] Hence, this study aims to evaluate the 
effect of CoQ10 on depression.

Objective

The objective of the study is to evaluate the effect of CoQ10 
on depression using behavioral models of depression namely 
forced swim test (FST) in male Wistar rats and tail suspension 
test (TST) in male Swiss albino mice.

MATERIALS AND METHODS

Animals

Adult male Wistar rats weighing 150±25 g and adult male 
Swiss albino mice weighing 25±5 g were obtained from 
the Central Animal House of the Institution. They were 
acclimatized to 12:12 h light-dark cycle for 10 days before the 
starting of experimentation. They were maintained on standard 
chow pellets and water ad libitum. The study was approved by 
the Institutional Animal Ethics Committee constituted as per 
the guidelines of Committee for the Purpose of Control and 
Supervision of Experiments on Animals, New Delhi.

For the FST, rats were divided into three groups of six animals 
each, amounting to a total of 18 animals. Control group 
received 0.5 ml of 1% gum acacia suspension. The standard 

group received amitriptyline in 1% gum acacia suspension. 
Test group received CoQ10 in 1% gum acacia suspension. 
All drugs were administered orally.

For the TST, mice were divided into three groups of six 
animals each, amounting to a total of 18 animals. Control 
group received 0.5 ml of 1% gum acacia suspension. Standard 
group received amitriptyline in 1% gum acacia suspension. 
Test group received CoQ10 in 1% gum acacia suspension. 
All drugs were administered orally.

Drugs and Doses

Considering the therapeutic doses of amitriptyline and 
CoQ10, equivalent doses for rats and mice were calculated 
with the help of converting table devised by Paget and 
Barnes.[6,7] Amitriptyline tablets manufactured by Inta’s 
Pharmaceutics Ltd. and CoQ10 tablets manufactured by 
Elder Pharmaceuticals Ltd. were used in this study. Standard 
groups received amitriptyline (27 mg/kg body weight 
of rat and 39 mg/kg body weight of mice) equivalent to 
300 mg of clinical dose orally.[6,7] Test groups received 
CoQ10 (18 mg/kg body weight of rat and 26 mg/kg body 
weight of mice) equivalent to 200 mg of clinical dose orally.
[6,7] Antidepressant activity was assessed with the help of 
following paradigms.

FST

Principle

When a rat is forced to swim in an environment from which 
there is no escape, after an initial period of vigorous activity, 
it ultimately ceases to move altogether making only those 
movements necessary to keep its head above the water. This 
immobility indicates a state of despair from which escape 
is not possible, and the rat resigns itself to the experimental 
conditions. Such behavior is supposed to be equivalent 
to clinical depression. Therefore, drugs that decrease this 
immobility would have to possess antidepressant activity. 
Rats are preferred over mice in this test because the rat version 
is said to be more selective for this experiment, i.e., fewer 
false positives.[8-10]

Procedure

A vertical plexiglass cylinder measuring 21 cm in height, 12 
cm in diameter, containing a 15 cm water column maintained 
at 25°C was used. FST has two swim sessions. The first session 
is called “Pre-test” which consists of 15 min session conducted 
before drug administration. This prior habituation session 
ensures a stable and high duration of immobility during the 
6 min test session, usually performed 24 h later. Adult male 
Wistar rats weighing 150 ± 25g were subjected to swimming 
for 15 min. The immobility time was measured only when 
the rat ceased to struggle and remained floating motionless in 
the water making only those movements necessary to keep its 
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head above the water. The rats were removed, dried, and the 
first dose of the drug was given orally, and they were returned 
to their cages, where food and water were provided. The water 
in the cylinder was changed for every rat before subjecting it 
to swimming. These rats were subjected to the test session on 
the next day 24 h after the pretest session.

On the day of the test session, the rats were given the second 
dose of the drug orally - 4 h before test and third dose of drug 
orally - 1 h before test. Then, they were subjected to FST 
and the duration of immobility (in seconds) was recorded for 
6 min.[8-10]

TST

Principle

Basic principle of this test is the behavioral despair paradigm. 
When mice are hung by their tails, they are subjected to 
inescapable stress. After an initial period of vigorous activity, 
the mice attain immobility. Any drug that decreases the time 
spent in immobility is supposed to possess antidepressant 
activity.[8,9]

Procedure

It consists of 2 metallic rods 35 cm apart connected with 
a horizontal rod to suspend a nylon thread from its center. 
A mouse pretreated with a drug or vehicle was suspended 
from the hook hanging at the center of the horizontal rod 
by an adhesive tape stuck 1 cm proximal to the tail tip. The 
mouse was said to be immobile when it stopped moving and 
hung motionless. Immobility time in seconds was recorded 
over a period of 6 min.[8,9]

Statistical Analysis

The results are represented here are the means ± standard 
error of mean of 6 mice/6 rats in each group. The results 
were analyzed using one-way analysis of variance followed 
by Bonferroni’s multiple comparison test. P < 0.05 was 
considered statistically significant.[11] All data were analyzed 
using the statistical software GraphPad Prism (Graph Pad 
Software, Inc. La Jolla, California, USA).

RESULTS

In this study, CoQ10 was evaluated for its antidepressant 
activity using two animal models of depression namely 
FST in rats and TST in mice. Amitriptyline as a standard 
antidepressant was used for comparison.

FST

The duration of immobility in seconds was noted over a 
period of 6 min. The mean duration of immobility time in 

the control group was 156 ± 1.5 while it was 74 ± 1.6 and 
56 ± 1.9 in the amitriptyline and CoQ10groups, respectively. 
There was statistically significant difference (P < 0.0001) in 
the duration of immobility in amitriptyline and CoQ10 treated 
groups when compared to that of the control group. There was 
comparable antidepressant activity between amitriptyline 
and CoQ10 (Table 1 and Graph 1).

TST

The duration of immobility in seconds was noted over a 
period of 6 min. The mean duration of immobility in the 
control group was 190 ± 3.2 while it was 82 ± 2 and 80 ± 1.8 
in the amitriptyline and CoQ10 groups, respectively. There 
was statistically significant difference (P < 0.0001) in the 
duration of immobility with amitriptyline and CoQ10 treated 
groups when compared to that of control groups. There was 
comparable antidepressant activity between amitriptyline 
and CoQ10 (Table 2 and Graph 2).

DISCUSSION

In this study, CoQ10 was evaluated for its antidepressant 
activity using two animal models of depression, namely, 
FST in rats and TST in mice. The findings of this study 
indicate that CoQ10 has significant antidepressant activity 
comparable to that of amitriptyline.

Table 1: Effect of various treatments on duration of 
immobility in FST

Groups Control Amitriptyline CoQ10 ANOVA
Mean±SEM 156±1.5 74±1.6**** 56±1.9**** P<0.0001

Post‑hoc analysis by Bonferroni’s test: ****P<0.0001; 
SEM: Standard error of mean, ANOVA: One-way analysis of 
variance, FST: Forced swim test, CoQ10: Coenzyme Q10

Graph 1: Effect of various treatments on duration of immobility in 
forced swim test. Data has been expressed as mean ± standard error 
of mean. ANOVA followed by Bonferroni’s multiple comparison 
test. ****P < 0.0001
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There are a few fundamental differences between FST and 
TST, even though both the paradigms used for antidepressant 
activity are based on the principle of behavioral despair. 
Main differences between the FST and TST are: (1) The 
immersion, which is necessary to produce the “behavioral 
despair,” may induce hypothermia in animals. This is avoided 
in TST, (2) the recording of an objective measure in the TST 
might be more precise than the appreciation of immobility 
in the FST, i.e., there is a clear differentiation between 
the immobile and mobile phases in TST, (3) TST is more 
sensitive to lower doses of the drug and provides a clearer 
dose-effect relationship. FST and TST were used to study the 
antidepressant activity because both these tests are easy to 
perform, rapid and require a minimum of apparatus.[8,9,12]

New insights into the pathophysiology of depression 
have identified increased levels of proinflammatory 
cytokines, activation of cell-mediated immune, activation 
of (O and NS) pathways, decreased (AOX) defences, 
mitochondrial disorders, and neuroprogression (progressive 
neurodegeneration, apoptosis, and reduced neurogenesis and 
neuronal plasticity) as contributors to the pathogenesis of 
depression.[5]

Production of energy in the form of ATP is the vital task of 
the mitochondrion. ATP is generated using the ETC. The ETC 
is required for oxidative phosphorylation which provides the 
cell with the most efficient energy outcome in terms of ATP 

production. ATP production occurs through transport of high-
energy electrons through the mitochondrial ETC. This step 
also serves as a source of ROS production.[13]

Although oxygen is essential for the optimum functioning of 
neurons, some of its products have proven to be neurotoxic. 
Oxidative stress is defined as “An imbalance between 
oxidants and anti-oxidants in favor of the oxidants, leading 
to a disruption of redox signaling and control and/or 
molecular damage.” ROS cause cellular dysfunction by lipid 
peroxidation, oxidation of protein backbone and side chain, 
breakage of DNA strands and modification of purine and 
pyrimidine bases. Cells in the brain are highly susceptible 
to the adverse effects of oxidative stress because of various 
reasons like abundant peroxidizable substrates being 
generated in the brain, high metabolic rate of the brain and 
modest (scanty) AOX levels in the brain.[3,14,15]

CoQ10 or ubiquinone is a lipid-soluble benzoquinone with a 
side-chain of 10 isoprenoid units endogenously synthesized 
from phenylalanine and mevalonic acid. The biological 
significance arises from the fact that it plays a role in energy 
transduction in the mitochondria. It accepts electrons from 
several donors and transfers them to the cytochrome complex 
system. Electron transport generates a proton gradient across 
the mitochondrial membrane that, in turn, drives the synthesis 
of ATP. Ubiquinol which is the reduced form of CoQ10 
also has AOX properties and protects membrane lipids and 
proteins and mitochondrial DNA from oxidative damage. 
Intracellular synthesis forms the major source of CoQ10. 
A small quantity is acquired through dietary sources such as 
oily fish, organ meats (liver), and whole grains.[13,16]

CoQ10 has found to have clinical applications in the treatment 
of hypertension, cardiac failure, statin-induced myopathy, 
Parkinson’s and Huntington’s diseases, and Friedreich’s 
ataxia.[17]

The evidence generated by this study, on the antidepressant 
activity of CoQ10 adds further weightage to the existing 
literature on the antidepressant activity of CoQ10 by testing 
parameters which are different from those of the remaining 
studies.

In a study, which involved the testing of the antidepressant 
activity of CoQ10 in chronically stressed rats, it was found 
that CoQ10 administration produced amelioration of chronic 
restraint stress (CRS) induced behavioral abnormalities in 
forced swimming and open field tests, elevated corticosterone 
level, and body weight loss. CoQ10 was found to restore 
the levels of various AOXs like hippocampal catalase, 
GPX and reduced glutathione, besides a reduction in the 
hippocampal malondialdehyde, nitric oxide and 8-hydroxy-
2′deoxyguanosine levels. This indicates that CoQ10 does 
protect the hippocampus against O and NS-induced lipid 
peroxidation and DNA damage.[18]

Table 2: Effect of various treatments on duration of 
immobility in TST

Groups Control Amitriptyline CoQ10 ANOVA
Mean±SEM 190±3.2 82±2.0**** 80±1.8**** P<0.0001

Post‑hoc analysis by bonferroni’s test: ****P<0.0001; 
SEM: Standard error of mean, ANOVA: One-way analysis of 
variance. TST: Tail suspension test, CoQ10: Coenzyme Q10

Graph 2: Effect of various treatments on duration of immobility 
in tail suspension test. Data has been expressed as mean ± standard 
error of mean. ANOVA followed by Bonferroni’s multiple 
comparison tests. ****P < 0.0001
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In another study, it was found that chronic administration 
of CoQ10 dose-dependently antagonized CRS-induced 
behavioral aberrations by increasing sucrose preference 
(reversal of anhedonia), body weight and food intake and 
reducing adrenal gland weight. CoQ10 also enhanced the 
activities of mitochondrial respiratory chain complexes (I 
to IV) and creatine kinase (CK) in the frontal cortex and 
hippocampus. CK is a sensitive indicator of brain energy 
metabolism dysfunction.[19]

The AOX property of CoQ10 stems from two mechanisms. 
A direct mechanism in which CoQ10 quenches lipid peroxyl 
radicals directly and an indirect mechanism in which CoQ10 
acts a key mediator in regeneration of α-tocopherol (an AOX) 
from α tocopheroxyl radicals. CoQ10 by virtue of being a 
membrane protective AOX confers protection to proteins 
in the mitochondrial membrane, unsaturated lipids in cell 
membranes, and low-density lipoprotein-cholesterol in blood. 
By doing so, it protects these entities from free radical-mediated 
damage. CoQ10 also plays a key role in preventing oxidative 
damage to phospholipids of the cell membrane and maintaining 
membrane fluidity.[20] Furthermore, CoQ10 supplementation 
has been found to enhance activities of superoxide dismutase, 
catalase, and GPX which are AOX enzymes.[21]

CoQ10 also exerts anti-inflammatory properties by 
attenuating nuclear factor (NF)-κB1-dependent gene 
expression and lipopolysaccharides (LPS) induced release of 
macrophage inflammatory protein-1 alpha (a chemokine). It 
also attenuates expression of LPS sensitive genes which act as 
regulators of signal transduction, cell proliferation pathways 
and transcriptional regulation. CoQ10 has also been shown to 
suppress the NF of activated T-cells and NF-κB signaling.[20]

In a study involving fibromyalgia patients, it was found that 
these patients had significantly higher levels of depression as 
compared to healthy controls. Platelets isolated from these 
patients showed significantly reduced CoQ10 and serotonin 
levels as compared to controls. CoQ10 deficiency was induced 
in platelets from healthy controls by inhibiting its endogenous 
synthesis by P-aminobenzoate (PABA) treatment of cultured 
platelets. Serotonin levels in platelets were significantly reduced 
by PABA treatment. Reduced serotonin levels in platelets were 
restored in the presence of CoQ10. It can be concluded that 
CoQ10 deficiency affects serotonin content in platelets and it 
can be presumed that this deficiency also affects the neurons 
of the central nervous system. Platelets are hypothesized to be 
good models of neuronal serotonergic cells based on the fact 
that, both types of cells are major sites for storage of serotonin 
and that serotonin levels in cerebrospinal fluid have a strong 
correlation with serotonin levels in platelets.[22]

CONCLUSION

Based on the findings of this study, it can be concluded 
that CoQ10 has significant antidepressant activity. Taking 

into consideration the fact that inflammation and oxidative 
stress have a major role to play in the pathophysiology of 
depression, CoQ10 appears to be a promising agent for the 
treatment of depression. Antidepressant activity of CoQ10 
can be explained by its role in preventing oxidative damage 
to cell membranes, suppression of various inflammatory 
parameters and possible role in regulating serotonin levels.
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ABSTRACT

Background: Depression is a major public health concern. Inflammation and oxidative stress have emerged as major 
contributors to the neuroprogression of depression. There is evidence that there are reduced antioxidant (AOX) defenses 
in depression. Hence, this study is aimed at evaluating the antidepressant activity of coenzyme Q10 (CoQ10) which is 
an AOX. Aims and Objective: The aim and objective of the study is to evaluate the effect of CoQ10 on depression 
using behavioral models of depression namely forced swim test (FST) in male Wistar rats and tail suspension test (TST) 
in male Swiss albino mice. Materials and Methods: The antidepressant activity of CoQ10 was evaluated using two 
behavioral models of depression namely FST and TST in male Wistar rats and male Swiss albino mice, respectively. The 
standard antidepressant used was amitriptyline. Results: There was statistically significant difference in the duration of 
immobility with amitriptyline and CoQ10 treated groups, when compared to that of control group in both behavioral 
models of depression. It was also found that there was no statistically significant difference between amitriptyline and 
CoQ10, indicating comparable antidepressant activity. Conclusion: Based on the findings of this study, it can be concluded 
that, CoQ10 has significant antidepressant activity. Taking into consideration the fact that, inflammation and oxidative 
stress have a major role to play in the pathophysiology of depression, CoQ10 appears to be a promising agent for the 
treatment of depression.
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INTRODUCTION

Depression is a major public health concern affecting about 
350 million people across the globe. It is a disabling disease 
causing a person to function ineffectively both at home as well 
as in the workplace. The worst consequence of depression is 
suicide. These suicides translate into loss of 1 million lives 
every year which is equivalent to about 3000 deaths every 

day. Hence, there is an urgent need to curb depression and 
treat it effectively.[1]

Unfortunately, though antidepressants are so widely 
prescribed, it has been found that 30% of depressed patients 
do not respond at all and the 70% of patients who are left over 
do not achieve complete remission. Besides, antidepressants 
are known to have a variety of adverse effects. Hence, there 
arises a need for exploring the antidepressant effects of 
agents acting through mechanisms which differ from those 
of the existing drugs.[2]

Inflammation and oxidative stress have emerged as major 
contributors to the neuroprogression of major depressive 
disorder (MDD). Neuroprogression is a process of progressive 
neurodegeneration which involves various pathological 
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processes, namely, apoptosis, reduced neurogenesis, reduced 
neuronal plasticity, and increased autoimmune responses. All 
these can be recognized at clinical, structural and biochemical 
levels in MDD. Patients with the disorder have shown 
increased inflammatory and oxidative stress biomarkers. 
“Oxidative stress is the result of the biological imbalance 
between reactive oxygen species (ROS) and antioxidants 
(AOXs) which subsequently would lead to the alteration 
of biomolecules and the loss of control of the intracellular 
redox-related signaling pathways.”[3]

About two decades have been spent in researching the role 
of altered immune regulation in the etiology and course of 
depression. To highlight the role of these pathophysiological 
factors various theories with different terminologies have 
been put forward, for instance, the monocyte-T-lymphocyte 
hypothesis of depression, the cytokine hypothesis of depression 
and the inflammatory hypothesis of depression. The most recent 
terminology has been termed as the immuno-inflammation and 
oxidative and nitrosativa stress model of depression.[4]

Evidence also points out that, there are reduced AOX 
defenses in depression as indicated by lowered levels of key 
AOXs and AOX enzymes which include reduced levels of 
coenzyme Q10 (CoQ10), serum zinc, vitamin E, glutathione 
and glutathione peroxidase (GPX). CoQ10 offers resistance 
to oxidative and nitrosative stress (O and NS) induced damage 
to mitochondria and is a key player in the electron transport 
chain (ETC) that is required in the generation of adenosine 
triphosphate (ATP).[5] Hence, this study aims to evaluate the 
effect of CoQ10 on depression.

Objective

The objective of the study is to evaluate the effect of CoQ10 
on depression using behavioral models of depression namely 
forced swim test (FST) in male Wistar rats and tail suspension 
test (TST) in male Swiss albino mice.

MATERIALS AND METHODS

Animals

Adult male Wistar rats weighing 150±25 g and adult male 
Swiss albino mice weighing 25±5 g were obtained from 
the Central Animal House of the Institution. They were 
acclimatized to 12:12 h light-dark cycle for 10 days before the 
starting of experimentation. They were maintained on standard 
chow pellets and water ad libitum. The study was approved by 
the Institutional Animal Ethics Committee constituted as per 
the guidelines of Committee for the Purpose of Control and 
Supervision of Experiments on Animals, New Delhi.

For the FST, rats were divided into three groups of six animals 
each, amounting to a total of 18 animals. Control group 
received 0.5 ml of 1% gum acacia suspension. The standard 

group received amitriptyline in 1% gum acacia suspension. 
Test group received CoQ10 in 1% gum acacia suspension. 
All drugs were administered orally.

For the TST, mice were divided into three groups of six 
animals each, amounting to a total of 18 animals. Control 
group received 0.5 ml of 1% gum acacia suspension. Standard 
group received amitriptyline in 1% gum acacia suspension. 
Test group received CoQ10 in 1% gum acacia suspension. 
All drugs were administered orally.

Drugs and Doses

Considering the therapeutic doses of amitriptyline and 
CoQ10, equivalent doses for rats and mice were calculated 
with the help of converting table devised by Paget and 
Barnes.[6,7] Amitriptyline tablets manufactured by Inta’s 
Pharmaceutics Ltd. and CoQ10 tablets manufactured by 
Elder Pharmaceuticals Ltd. were used in this study. Standard 
groups received amitriptyline (27 mg/kg body weight 
of rat and 39 mg/kg body weight of mice) equivalent to 
300 mg of clinical dose orally.[6,7] Test groups received 
CoQ10 (18 mg/kg body weight of rat and 26 mg/kg body 
weight of mice) equivalent to 200 mg of clinical dose orally.
[6,7] Antidepressant activity was assessed with the help of 
following paradigms.

FST

Principle

When a rat is forced to swim in an environment from which 
there is no escape, after an initial period of vigorous activity, 
it ultimately ceases to move altogether making only those 
movements necessary to keep its head above the water. This 
immobility indicates a state of despair from which escape 
is not possible, and the rat resigns itself to the experimental 
conditions. Such behavior is supposed to be equivalent 
to clinical depression. Therefore, drugs that decrease this 
immobility would have to possess antidepressant activity. 
Rats are preferred over mice in this test because the rat version 
is said to be more selective for this experiment, i.e., fewer 
false positives.[8-10]

Procedure

A vertical plexiglass cylinder measuring 21 cm in height, 12 
cm in diameter, containing a 15 cm water column maintained 
at 25°C was used. FST has two swim sessions. The first session 
is called “Pre-test” which consists of 15 min session conducted 
before drug administration. This prior habituation session 
ensures a stable and high duration of immobility during the 
6 min test session, usually performed 24 h later. Adult male 
Wistar rats weighing 150 ± 25g were subjected to swimming 
for 15 min. The immobility time was measured only when 
the rat ceased to struggle and remained floating motionless in 
the water making only those movements necessary to keep its 
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head above the water. The rats were removed, dried, and the 
first dose of the drug was given orally, and they were returned 
to their cages, where food and water were provided. The water 
in the cylinder was changed for every rat before subjecting it 
to swimming. These rats were subjected to the test session on 
the next day 24 h after the pretest session.

On the day of the test session, the rats were given the second 
dose of the drug orally - 4 h before test and third dose of drug 
orally - 1 h before test. Then, they were subjected to FST 
and the duration of immobility (in seconds) was recorded for 
6 min.[8-10]

TST

Principle

Basic principle of this test is the behavioral despair paradigm. 
When mice are hung by their tails, they are subjected to 
inescapable stress. After an initial period of vigorous activity, 
the mice attain immobility. Any drug that decreases the time 
spent in immobility is supposed to possess antidepressant 
activity.[8,9]

Procedure

It consists of 2 metallic rods 35 cm apart connected with 
a horizontal rod to suspend a nylon thread from its center. 
A mouse pretreated with a drug or vehicle was suspended 
from the hook hanging at the center of the horizontal rod 
by an adhesive tape stuck 1 cm proximal to the tail tip. The 
mouse was said to be immobile when it stopped moving and 
hung motionless. Immobility time in seconds was recorded 
over a period of 6 min.[8,9]

Statistical Analysis

The results are represented here are the means ± standard 
error of mean of 6 mice/6 rats in each group. The results 
were analyzed using one-way analysis of variance followed 
by Bonferroni’s multiple comparison test. P < 0.05 was 
considered statistically significant.[11] All data were analyzed 
using the statistical software GraphPad Prism (Graph Pad 
Software, Inc. La Jolla, California, USA).

RESULTS

In this study, CoQ10 was evaluated for its antidepressant 
activity using two animal models of depression namely 
FST in rats and TST in mice. Amitriptyline as a standard 
antidepressant was used for comparison.

FST

The duration of immobility in seconds was noted over a 
period of 6 min. The mean duration of immobility time in 

the control group was 156 ± 1.5 while it was 74 ± 1.6 and 
56 ± 1.9 in the amitriptyline and CoQ10groups, respectively. 
There was statistically significant difference (P < 0.0001) in 
the duration of immobility in amitriptyline and CoQ10 treated 
groups when compared to that of the control group. There was 
comparable antidepressant activity between amitriptyline 
and CoQ10 (Table 1 and Graph 1).

TST

The duration of immobility in seconds was noted over a 
period of 6 min. The mean duration of immobility in the 
control group was 190 ± 3.2 while it was 82 ± 2 and 80 ± 1.8 
in the amitriptyline and CoQ10 groups, respectively. There 
was statistically significant difference (P < 0.0001) in the 
duration of immobility with amitriptyline and CoQ10 treated 
groups when compared to that of control groups. There was 
comparable antidepressant activity between amitriptyline 
and CoQ10 (Table 2 and Graph 2).

DISCUSSION

In this study, CoQ10 was evaluated for its antidepressant 
activity using two animal models of depression, namely, 
FST in rats and TST in mice. The findings of this study 
indicate that CoQ10 has significant antidepressant activity 
comparable to that of amitriptyline.

Table 1: Effect of various treatments on duration of 
immobility in FST

Groups Control Amitriptyline CoQ10 ANOVA
Mean±SEM 156±1.5 74±1.6**** 56±1.9**** P<0.0001

Post‑hoc analysis by Bonferroni’s test: ****P<0.0001; 
SEM: Standard error of mean, ANOVA: One-way analysis of 
variance, FST: Forced swim test, CoQ10: Coenzyme Q10

Graph 1: Effect of various treatments on duration of immobility in 
forced swim test. Data has been expressed as mean ± standard error 
of mean. ANOVA followed by Bonferroni’s multiple comparison 
test. ****P < 0.0001
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There are a few fundamental differences between FST and 
TST, even though both the paradigms used for antidepressant 
activity are based on the principle of behavioral despair. 
Main differences between the FST and TST are: (1) The 
immersion, which is necessary to produce the “behavioral 
despair,” may induce hypothermia in animals. This is avoided 
in TST, (2) the recording of an objective measure in the TST 
might be more precise than the appreciation of immobility 
in the FST, i.e., there is a clear differentiation between 
the immobile and mobile phases in TST, (3) TST is more 
sensitive to lower doses of the drug and provides a clearer 
dose-effect relationship. FST and TST were used to study the 
antidepressant activity because both these tests are easy to 
perform, rapid and require a minimum of apparatus.[8,9,12]

New insights into the pathophysiology of depression 
have identified increased levels of proinflammatory 
cytokines, activation of cell-mediated immune, activation 
of (O and NS) pathways, decreased (AOX) defences, 
mitochondrial disorders, and neuroprogression (progressive 
neurodegeneration, apoptosis, and reduced neurogenesis and 
neuronal plasticity) as contributors to the pathogenesis of 
depression.[5]

Production of energy in the form of ATP is the vital task of 
the mitochondrion. ATP is generated using the ETC. The ETC 
is required for oxidative phosphorylation which provides the 
cell with the most efficient energy outcome in terms of ATP 

production. ATP production occurs through transport of high-
energy electrons through the mitochondrial ETC. This step 
also serves as a source of ROS production.[13]

Although oxygen is essential for the optimum functioning of 
neurons, some of its products have proven to be neurotoxic. 
Oxidative stress is defined as “An imbalance between 
oxidants and anti-oxidants in favor of the oxidants, leading 
to a disruption of redox signaling and control and/or 
molecular damage.” ROS cause cellular dysfunction by lipid 
peroxidation, oxidation of protein backbone and side chain, 
breakage of DNA strands and modification of purine and 
pyrimidine bases. Cells in the brain are highly susceptible 
to the adverse effects of oxidative stress because of various 
reasons like abundant peroxidizable substrates being 
generated in the brain, high metabolic rate of the brain and 
modest (scanty) AOX levels in the brain.[3,14,15]

CoQ10 or ubiquinone is a lipid-soluble benzoquinone with a 
side-chain of 10 isoprenoid units endogenously synthesized 
from phenylalanine and mevalonic acid. The biological 
significance arises from the fact that it plays a role in energy 
transduction in the mitochondria. It accepts electrons from 
several donors and transfers them to the cytochrome complex 
system. Electron transport generates a proton gradient across 
the mitochondrial membrane that, in turn, drives the synthesis 
of ATP. Ubiquinol which is the reduced form of CoQ10 
also has AOX properties and protects membrane lipids and 
proteins and mitochondrial DNA from oxidative damage. 
Intracellular synthesis forms the major source of CoQ10. 
A small quantity is acquired through dietary sources such as 
oily fish, organ meats (liver), and whole grains.[13,16]

CoQ10 has found to have clinical applications in the treatment 
of hypertension, cardiac failure, statin-induced myopathy, 
Parkinson’s and Huntington’s diseases, and Friedreich’s 
ataxia.[17]

The evidence generated by this study, on the antidepressant 
activity of CoQ10 adds further weightage to the existing 
literature on the antidepressant activity of CoQ10 by testing 
parameters which are different from those of the remaining 
studies.

In a study, which involved the testing of the antidepressant 
activity of CoQ10 in chronically stressed rats, it was found 
that CoQ10 administration produced amelioration of chronic 
restraint stress (CRS) induced behavioral abnormalities in 
forced swimming and open field tests, elevated corticosterone 
level, and body weight loss. CoQ10 was found to restore 
the levels of various AOXs like hippocampal catalase, 
GPX and reduced glutathione, besides a reduction in the 
hippocampal malondialdehyde, nitric oxide and 8-hydroxy-
2′deoxyguanosine levels. This indicates that CoQ10 does 
protect the hippocampus against O and NS-induced lipid 
peroxidation and DNA damage.[18]

Table 2: Effect of various treatments on duration of 
immobility in TST

Groups Control Amitriptyline CoQ10 ANOVA
Mean±SEM 190±3.2 82±2.0**** 80±1.8**** P<0.0001

Post‑hoc analysis by bonferroni’s test: ****P<0.0001; 
SEM: Standard error of mean, ANOVA: One-way analysis of 
variance. TST: Tail suspension test, CoQ10: Coenzyme Q10

Graph 2: Effect of various treatments on duration of immobility 
in tail suspension test. Data has been expressed as mean ± standard 
error of mean. ANOVA followed by Bonferroni’s multiple 
comparison tests. ****P < 0.0001
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In another study, it was found that chronic administration 
of CoQ10 dose-dependently antagonized CRS-induced 
behavioral aberrations by increasing sucrose preference 
(reversal of anhedonia), body weight and food intake and 
reducing adrenal gland weight. CoQ10 also enhanced the 
activities of mitochondrial respiratory chain complexes (I 
to IV) and creatine kinase (CK) in the frontal cortex and 
hippocampus. CK is a sensitive indicator of brain energy 
metabolism dysfunction.[19]

The AOX property of CoQ10 stems from two mechanisms. 
A direct mechanism in which CoQ10 quenches lipid peroxyl 
radicals directly and an indirect mechanism in which CoQ10 
acts a key mediator in regeneration of α-tocopherol (an AOX) 
from α tocopheroxyl radicals. CoQ10 by virtue of being a 
membrane protective AOX confers protection to proteins 
in the mitochondrial membrane, unsaturated lipids in cell 
membranes, and low-density lipoprotein-cholesterol in blood. 
By doing so, it protects these entities from free radical-mediated 
damage. CoQ10 also plays a key role in preventing oxidative 
damage to phospholipids of the cell membrane and maintaining 
membrane fluidity.[20] Furthermore, CoQ10 supplementation 
has been found to enhance activities of superoxide dismutase, 
catalase, and GPX which are AOX enzymes.[21]

CoQ10 also exerts anti-inflammatory properties by 
attenuating nuclear factor (NF)-κB1-dependent gene 
expression and lipopolysaccharides (LPS) induced release of 
macrophage inflammatory protein-1 alpha (a chemokine). It 
also attenuates expression of LPS sensitive genes which act as 
regulators of signal transduction, cell proliferation pathways 
and transcriptional regulation. CoQ10 has also been shown to 
suppress the NF of activated T-cells and NF-κB signaling.[20]

In a study involving fibromyalgia patients, it was found that 
these patients had significantly higher levels of depression as 
compared to healthy controls. Platelets isolated from these 
patients showed significantly reduced CoQ10 and serotonin 
levels as compared to controls. CoQ10 deficiency was induced 
in platelets from healthy controls by inhibiting its endogenous 
synthesis by P-aminobenzoate (PABA) treatment of cultured 
platelets. Serotonin levels in platelets were significantly reduced 
by PABA treatment. Reduced serotonin levels in platelets were 
restored in the presence of CoQ10. It can be concluded that 
CoQ10 deficiency affects serotonin content in platelets and it 
can be presumed that this deficiency also affects the neurons 
of the central nervous system. Platelets are hypothesized to be 
good models of neuronal serotonergic cells based on the fact 
that, both types of cells are major sites for storage of serotonin 
and that serotonin levels in cerebrospinal fluid have a strong 
correlation with serotonin levels in platelets.[22]

CONCLUSION

Based on the findings of this study, it can be concluded 
that CoQ10 has significant antidepressant activity. Taking 

into consideration the fact that inflammation and oxidative 
stress have a major role to play in the pathophysiology of 
depression, CoQ10 appears to be a promising agent for the 
treatment of depression. Antidepressant activity of CoQ10 
can be explained by its role in preventing oxidative damage 
to cell membranes, suppression of various inflammatory 
parameters and possible role in regulating serotonin levels.
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INTRODUCTION
Recently cardiac surgeons are facing increasingly complex CABG due 
to increased comorbid conditions including diabetes mellitus, renal 
insufficiency, peripheral vascular disease and previous interventions 
for coronary disease [1] which often requires endarterectomy.

CE is being performed in all the centres with acceptable results. CE 
has shown to benefit patients with advanced coronary atheroma 
by providing complete revascularization as shown by Bailey in late 
1950’s [2].  The safety and long-term efficacy of the procedure, 
although controversial, has been demonstrated in both past and 
recent studies [3-5]. CE has become a routine procedure for single 
and multiple vessels OPCAB and for combined procedures in the 
recent era. 

The main indication for CE is the presence of discursively diseased 
coronary arteries that are not suited for distal grafting [6]. Although 
CE has been performed on all coronary arteries safely, there is some 
evidence which suggests that endarterectomy of the Left Anterior 
Descending (LAD) coronary artery may be particularly hazardous 
[7]. Most surgeons, therefore, perform LAD endarterectomy in a 
highly selective manner when no other alternatives exist [3]. The 
LAD atherosclerotic plaque is hard and frail as compared to Right 
Coronary Artery (RCA), thereby increasing the risk of disruption. The 
diagonal and septal branches that arise from LAD in two different 
planes have the risk of shearing-off of branches when plaque is 
pulled in either direction [8]. Open CE is done when plaque extraction 
is incomplete through a limited arteriotomy or when the plaque is 
fractured. The open technique is preferred in such circumstances 
which provide an adequate exposure to excerpt the atherosclerotic 
core. The basic principle of coronary endarterectomy is to extract 
the plaque completely.

Anticoagulation therapy that plays a crucial role in preventing 
postoperative myocardial infraction (MI) in a case of CE, though not 
uniform, has been less aggressive.

Unlike the coronary endarterectomy performed in 50’s, the paradigm 
under which cardiac surgery is performed has changed in terms 
of use of cardiopulmonary bypass, availability of superior drugs 
and techniques along with the growing experience of the surgeon. 
This has led to a point in which feared procedures like CE could 
be performed more safely under different circumstances. Today’s 
conditions are much better than starter time and CE can not be 
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AbsTRACT 
Coronary Endarterectomy (CE) assures complete revascularization of the myocardium in case of diffusely diseased vessels and 
prevents residual ischemia. Recently cardiac surgeons are performing increasing number of coronary endarterectomy and it has 
evolved as an important adjuvant procedure in Coronary Artery Bypass Grafting (CABG). There are controversies regarding the 
efficiency of CE. CE is criticised for its higher rates of morbidity and mortality. At present the available evidence supports CE in Off 
Pump Coronary Artery Bypass surgery (OPCAB) and along with valvular procedures. Graft patency is better with open technique. 
Postoperative anticoagulation regimen though not uniform, the overall outcome remains the same. Therefore, it is important to 
focus on the current results to accept CE as a routine procedure like CABG.

abandoned considering the frequent points of criticism. Therefore, 
focus on current results is needed.

literature search strategy: An extensive literature search was 
performed using PubMed by typing ‘diffuse coronary artery disease’, 
‘endarterectomy’ and ‘outcome.’ A total of 43 recently published 
(year 2000-2015) articles were found and selected for review, 
whereas the older articles were referred for writing the introductory 
part. Few large scale studies from the review are mentioned in 
[Table/Fig-1] as below [9-14].

Off versus on pump CaBG: CE is a technically challenging 
procedure even when Cardio Pulmonary Bypass (CPB) is used. 
Inexperienced surgeons avoid performing CE because of the 
unavoidable CPB related inflammation, global ischemia and 
incomplete revascularization [15,16]. Off-pump coronary artery 
endarterectomy is considered by many surgeons as the technique 
of choice, especially in high-risk patients [17,18].

Open vs closed Ce: Coronary endarterectomy can be performed 
by either closed or an open technique. The closed technique 
involves a small arteriotomy with gentle steady traction on the 
atheromatous plaque until it comes out from the native artery 
proximally and distally. It is not possible to prevent intimal flaps 
and possible residual obstruction with this technique [19]. Open 
technique CE is performed by opening native artery longitudinally 
beyond the limits of the endarterectomy which allows the plaque to 
be carefully lifted off under direct vision and the edges to be fixed. 
Later, patch closure of the LAD is done followed by bypass grafting 
[20]. With this technique, complete relief of obstruction is assured 
and intimal flaps are prevented.

Nishi H et al., compared 68 patients (mean age 64.9±9 years, 
30.8% male) undergoing Open CE+CABG with 59 patients (mean 
age 63±8 and 2% male) undergoing Closed CE+CABG between 
1994 and 2003. Mean follow-up was 41.7 months in the Open CE 
group and 64.6 months in the Closed CE group [21]. Re-exploration 
for bleeding was 4.4% cases in the Open CE vs 5.1% cases in the 
Closed CE group. Infection for 2.9% cases in the Open CE vs 6.8% 
in the Closed CE group. Intra-Aortic Balloon Pump (IABP) for 5.9% 
in the Open CE vs 11.9% in the Closed CE group (p-value >0.05). 
Cerebro Vascular Accident (CVA) noted in 2.9% cases in the Open 
CE vs nil in the Closed CE group (p-value >0.05). Perioperative MI 
occurred in 2.9% in the Open CE vs 3.4% in the Closed CE group. 
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Thirty days-mortality was seen in 2.9% in the Open CE vs 6.8% in 
the Closed CE group (p-value > 0.05). In early angiographic study, 
92.1% of grafts in the Open CE vs 88.6% of grafts in the Closed CE 
group (p-value >0.05) were patent {Saphenous Vein (SV) - 95.0%, 
Internal Thoracic Artery (ITA) - 90.5% in the Open CE group)}. Late 
angiography outcome (at mean of 21±16 months) were significantly 
better for Open CE compared to closed technique (89.1% vs 
81.0%) for patency of the grafts. SV-76.9%, ITA - 93.5% in the 
Open CE group however the difference in the five year survival rate 
was insignificant between the groups. 

Myers PO et al., retrospectively studied 224 patients (mean age 
66.2±10.2 years, 84% male) undergoing Open CE+CABG between 
1992 and 2010 [22]. Surgical techniques included: arteriotomy + 
Open CE + {SV patch + Left Internal Thoracic Artery (LITA)} or (LITA 
only). CE was done to LAD only. Operative mortality was 3.6%. 
Perioperative MI was 7.1%, of which 4% cases had in the LAD 
territory. IABP was inserted (Intra/postop) in 4.5% patients. Re-
exploration for bleeding needed in 2.2% cases. A total of five and 10 
year survival was 83.1±2.7% and 47.5±6.1% respectively. Authors 
concluded that extensive LAD-CE and reconstruction is a safe and 
feasible technique in diffuse coronary artery disease. Complete 

extraction of the plaque along with appropriate myocardial protection 
and postoperative antithrombotic management were considered to 
be very essential steps. This study was retrospective observational 
study design and lacked angiographic follow-up.

Role of arterial versus vein conduits: With increasing experience 
of total arterial grafting in CABG, surgeons have started using arterial 
conduits for endarterectomised vessels [23,24]. There is paucity in 
evidence regarding the role of arterial grafts in endarterectomised 
vessels in relation to late survival and graft patency. 

Schwann TA et al., reviewed their 288 CABG-CE patients (mean age 
63±10 years) of which men were 207 [25]. A total of 1,056 grafts {275 
ITA (26%); 221 radial (21%), 560 vein (53%)} were used. Total 325 
(31%) conduits were placed to CE targets. Perioperative mortality 
occurred in 18 (6.3%) patients. The one and five-year survival for 
the 270 discharged patients was 95.2% and 83.0%, respectively. 
Survival was superior for patients with radial (n=154) versus no-radial 
(n=134) artery grafting (p-value=0.021). Multivariate Cox regression 
analysis associated with increased number of arterial grafts {Hazard 
Ratio (HR)=0.64 (0.44 to 0.92)}; HR (95% confidence interval) to 
improved survival, whereas RCA endarterectomy (HR=1.8, 1.0, 
3.3; p-value=0.054) was associated with worse survival. Repeat 

author Study type   Patient group Outcome studied
Key results for
CaBG and Ce

Comments

Tiruvoipati R 
et al., [9] 

A retrospective 
study design

Patients who had CABG between January 
1995 and December 2001 were included. 
They were divided into two groups, 
5782 patients in CABG-only group and 
461 patients in CABG and CE group.                                                                                                                                           
                 

Perioperative 
myocardial 
infarction, 
postoperative
ventricular 
arrhythmias, 
cerebrovascular 
accident,
renal impairment, 
and early mortality.

Myocardial infarction: 7 (1.5%) 
Ventricular Arrhythmias: 14 (3%) 
Stroke: 8 (1.7%) 
Renal impairment: 34 (7.4%) 
Mortality: 40 (8.6%) 

Coronary endarterectomy when 
combined with CABG seemed 
to be associated with a higher 
mortality than isolated CABG 
in our study groups, but this is 
related to comorbidities of these 
patients rather than the CE.

Sirivella S et 
al., [10]

A prospective 
study design

Study done during 1985 to July 2002, 
8,874 patients who underwent isolated 
myocardial revascularization procedures, 
1,478 patients underwent CE with 
CABG for diffuse coronary artery disease 
consecutively.
Patients in the CE group were of higher 
risk with increased rate of co morbidities 
and triple-vessel coronary disease.

Postoperative 
comorbidity and 
mortality,
five and 10 year 
survival, angina 
and NYHA class

The operative mortality (3.2% versus 
control 2.2%; p-value=0.03) and the 
incidence of major postoperative 
morbidity (not significant) were 
comparable between the groups.
At long-term follow-up, five year and 
10 year survivals were 83±5% and 
74±3% respectively and alleviate 
from angina at five and 10 years was 
75±5% and 69±4% respectively 
with 96% of survivors in New York 
Heart Association class II.

In selected patients with 
diffuse coronary artery disease, 
coronary endarterectomy can 
be used as a tool for myocardial 
revascularization. The operative 
mortality and major morbidity 
were comparable or similar to 
coronary artery bypass grafting, 
and short-term and long-term 
results were favourable.

LaPar DJ et 
al., [11]

A retrospective 
study design

Patients undergoing isolated CABG 
operations from 2003 to 2008 were
retrospectively reviewed where 99 patients 
underwent CE and 3:1 propensity
matched them to 297 CABG-alone 
patients, based upon clinical factors.

Operative mortality, 
ICU stay, hospital 
stays, long-term 
mortality, MI.

Operative mortality was 4.0%, ICU 
stay was 75.06 hrs and hospital 
stays were 9.01days.

Patients undergoing CABG with 
coronary CE required longer 
ventilator support and ICU stay. 
Yet have comparable operative 
mortality, major complication 
rates, and long-term survival to 
isolated CABG.

Ariyaratnam 
P et al., [12]

Retrospective 
study design

The study involves retrospective analysis 
of data collected prospectively on 801 
patients undergoing CEs between 
February 1988 and September 2010 by 
a single surgeon using a standard open 
hydrodissection technique.

Operative mortality 
and median 
survival time.

The operative mortality was 2.62%. 
The median survival time was 16.67 
years.

Significant long-term survival 
demonstrates that CE can be 
an attractive adjunct to CABG 
in otherwise inoperable coronary 
artery disease.

Schmitto JD 
et al., [13]

Prospective 
study 
Design

Between August 2001 and March 2005, 
104 patients underwent coronary artery 
bypass grafting CABG with adjunctive CE 
in the Department of Thoracic, Cardiac 
and Vascular Surgery, University of 
Goettingen.

Number of vessels 
endarterectomised,
open or closed 
technique,
operative mortality,
long term survival,
symptom 
improvement.

CE was performed on RCA (n = 55), 
on LAD (n = 52) and Circumflex artery 
(RCX) (n = 7). Closed technique was 
used in 18%, open technique in 79% 
and in 3% a combination of both.
Only 5% follow-up for 24.5±13.4 
months and survival rate 92% 
NYHA-classification significantly 
improved after CABG with CE from 
2.2±0.9 preoperative to 1.7±0.9  
postoperative

Early results of CE are 
acceptable with respect to 
mortality, NYHA and CCS. This 
technique offers a valuable 
surgical option for patients 
with end stage coronary artery 
disease in whom complete 
revascularization otherwise 
cannot be obtained.

Vohra HA et 
al., [14]

A prospective 
study design

680 patients underwent OPCAB with 
adjunctive CE in 70 patients.

CE in OPCAB 18 patients (35%) had impaired left 
ventricular function. There were no 
conversions to cardiopulmonary bypass. 
Three patients (4.3%) suffered from 
postoperative myocardial infarction, and 
three patients required postoperative 
IABP counter pulsation.

The study concluded that 
OPCAB surgery with CE is 
feasible and in patients with 
diffuse coronary artery disease 
the surgical revascularization is 
achieved successfully.

[Table/Fig-1]: Showing recent articles on Coronary endarterectomy [9-14].
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angiography was done in 68 patients comprising 78 CE (38 vein, 
24 ITA, and 16 radial) and 162 non-CE (84 veins, 40 ITA, and 38 
radial) grafts. For CE targets, graft failure was worse for vein (55% 
vs 35%; p-value=0.05) and unchanged for arterial (13% vs 15%; 
p-value=0.88) grafts. Authors concluded that combined CABG/
CE is associated with acceptable long-term outcomes. Increased 
arterial grafting achieved by radial artery utilization offers a survival 
benefit in high-risk population.

Single vs double vessel endarterectomy: Results of single vessel 
LAD endarterectomy are better than multiple vessel endarterectomies 
[26]. The reason being good visualization of LAD along the majority 
of its course, minimum hemodynamic disturbance in off-pump 
procedures. The option of onlay patch grafting using mammary 
artery is almost limited to LAD.

In a retrospective study on single vessel CE by Takahashi M et al., 
constituting 12 patients (Age: 72±4 years) the mean numbers of 
diseased coronaries were 3±0.4, and the mean numbers of grafts 
performed were 4±0.8 [27].  One patient was converted from off-
pump to on-pump. The mean intensive care unit stay and the mean 
hospital length of stay was 3±2.8 and 15±13 days respectively. 
Postoperative follow-up (mean 24±19 months) was complete, and 
no ischaemic events were seen in early and mid-term follow-up. 
The study concluded that off-pump endarterectomy of the LAD is a 
viable option for patients with diffuse LAD disease.

Marzban M et al., in their four year long retrospective study, analysed 
310 patients (3.28%) who underwent concomitant coronary artery 
endarterectomy, 39 of whom (12.6%) required double vessel 
endarterectomy (Group 2) and the rest of whom required single 
endarterectomy (Group 1) [28]. Variables of these groups were 
compared by means of univariate analysis. Group 1 consisted of 
76.3% men and mean age of the patients was 58.73±9.36 year. 
Perioperative MI reported in 13% and 15.4% patients in Group 
1and 2 respectively. In Group 1, the early mortality rate was 3.3% 
compared to 10.3% in Group 2 (p-value <0.05). In multivariate 
analysis of endarterectomised arteries, the combinations of vessels 
most strongly associated with mortality were LAD or Diagonal along 
with RCA. There was no association between endarterectomy of 
particular vessels and perioperative myocardial infarction. The study 
concluded that addition of second endarterectomy worsens the 
prognosis dramatically.

endarterectomy in combined coronary and valvular surgery: 
Literature analysing effects of CE in combined procedures is lacking 
although available report supports it. Kumar S et al., in their 14 
year retrospective study on 237 patients who underwent CABG 
with valve surgery, 41 patients needed CE. The intensive therapy 
unit stay was less than 48 hours after surgery in 32 patients. Six 
mortalities occurred during the 14 year follow up with ten year 

survival of 57.2% (95% CL, 37.8%–86.6%). None required further 
percutaneous or surgical intervention. Authors inferred that CE does 
not add to the overall mortality incidence in combined procedures 
[29].

Postoperative anticoagulation regimen: At present there is 
no unified guideline available regarding the use of antiplatelet or 
anticoagulation therapy in patients undergoing CE. Though most of 
the authors have followed different anticoagulation regimen as per 
their institute protocols, the overall reported difference in bleeding 
and mortality remains clinically insignificant. Anticoagulation 
regimens used by different authors are shown in [Table/Fig-2].

Use of an antifibrinolytic agent: Early graft occlusion is the concern 
with perioperative antifibrinolytic therapy. Ruel MA et al., studied 
221 patients who underwent CABG with CE of the RCA alone in 
149, the LAD in 35, or both right and left anterior descending in 27 
[30]. Tranexamic Acid (TA) was given intraoperatively in 87 patients 
(TA group: average total dose 62±4.4 mg/kg), and was not used in 
134 patients (No TA group). The patient risk distribution was similar 
in both the groups. The perioperative MI rate was 2% and 5% in 
the TA and No TA groups, respectively (p-value=0.49). Patients in 
the TA group had a significant reduction in postoperative chest tube 
drainage and in the use of fresh-frozen plasma (p-value=0.03). 

Authors concluded that the use of tranexamic acid in patients 
undergoing coronary endarterectomy is not associated with a higher 
incidence of MI-related complications.

CONCLUsION 
At present the available evidence supports CE in off-pump CABG. 
Long term patency of the graft is better with open technique 
however the 5-year survival remains the same for both open and 
closed methods. Multi-vessel CE increases the overall morbidity 
and mortality. Use of arterial conduits especially radial grafts is 
associated with better long term outcome in high risk patients. 
Adjuvant CE in valvular procedures does not affect the overall 
outcome. Postoperative anticoagulation regimen is not uniform at 
present and initial report supports use of antifibrinolytic therapy in 
postoperative period. 
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Autistic Regression: Should it
Prompt Urgent EEG?

Autistic spectrum disorders (ASD) are being increasingly
recognized in children. The exact cause of this condition is
not clear and the work up is usually negative, thereby
causing frustration in parents and treating physicians
equally [1]. Treatment usually consists of speech therapy,
occupational therapy and behavior modification. As it is
usually a permanent condition, any intervention that
changes the course of the disease is of immense
importance. There is little role for pharmacotherapy except
use of drugs like risperidone and stimulants [1].

There are broadly two groups in ASDs; one where
children have features of autism since birth and in the other
group (about one-third) babies are normal for the initial 9-
18 months with some even using some meaningful words
and having good interaction to later on lose language
milestones and become socially withdrawn. The latter
group is referred to as autistic regression [2]. An immune-
mediated pathophysiology has been proposed, which is
supported by indirect evidence of increased prevalence of
autoimmune disorders in families of children with autistic
regression as compared to healthy controls [1-3]. This
subgroup of ASD when investigated early in the course of
the disease sometimes shows epileptic abnormalities on
EEG in the form of recurrent generalized spikes and sharp
waves in the absence of clinical seizures. Use of
antiepileptic drugs and immunomodulation in the form of
pulse methylprednisolone followed by oral steroids or
intravenous immunoglobulin may theoretically reverse the
epileptiform EEG, thereby resulting in complete or partial
reversal of autistic regression. The role of EEG in ASDs is
not very clear in the literature, though children with ASDs
have higher prevalence of epileptiform abnormalities on
EEG [4]. Guidelines recommend EEG in children with
ASD when they have clinical seizures.

We recently saw two toddlers who presented to
us with reduced interaction, decreased response to being
called, hand stereotypies and loss of use of few word they
had attained. They did not have any clinical seizures. EEG
showed recurrent generalized epileptiform discharges
prompting us to give a trial of pulse methylprednisolone
followed by oral steroids along with levetiracetam and
speech therapy. This intervention resulted in improved eye
contact, improved comprehension of oral commands and
reduction in hand stereotypies within a month. The EEG
also showed normalization. These two cases underscore
the need to sensitize pediatricians to identity these children
early in the regression phase. We feel that a prompt EEG
and consideration of immunomodulation along with other
intervention, can go a long way in changing the
developmental trajectory of these children. Prospective
studies with clear protocols are required to confirm this
finding. This condition is different from the well-
described Landau Kleffner syndrome, which is seen in
slightly older age group and the EEG findings there are
slightly different [5].
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Abstract: Significant evidence supports an association between periodontal pathogenic bacteria 

and preterm birth and preeclampsia. The virulence properties assigned to specific oral pathogenic 

bacteria, for example, Fusobacterium nucleatum, Porphyromonas gingivalis, Filifactor alocis, 

Campylobacter rectus, and others, render them as potential collaborators in adverse outcomes 

of pregnancy. Several pathways have been suggested for this association: 1) hematogenous 

spread (bacteremia) of periodontal pathogens; 2) hematogenous spread of multiple mediators of 

inflammation that are generated by the host and/or fetal immune response to pathogenic bacteria; 

and 3) the possibility of oral microbial pathogen transmission, with subsequent colonization, in 

the vaginal microbiome resulting from sexual practices. As periodontal disease is, for the most 

part, preventable, the medical and dental public health communities can address intervention 

strategies to control oral inflammatory disease, lessen the systemic inflammatory burden, and 

ultimately reduce the potential for adverse pregnancy outcomes. This article reviews the oral, 

vaginal, and placental microbiomes, considers their potential impact on preterm labor, and the 

future research needed to confirm or refute this relationship.

Keywords: periodontal disease, preterm labor, oral microbiome, vaginal microbiome, bacteria, 

pregnancy, infant, premature birth, low birth weight

Introduction
Julius Richard Petri introduced the Petri dish to microbiology in 1887,1 making the 

culturing of single or multiple microbes on a nutrient medium in a Petri dish to be a 

130-year-old technology. However, bacteria seldom occur in nature as a pure culture 

of a single species, but rather exist and participate in a community of microbes, that 

is, the microbiome.2 In the case of a human host, the microbiome occupies several 

specific anatomic niches, for example, hair, skin, gastrointestinal tract, urogenital tract, 

vagina, nasal, and paranasal sinuses, and the oral cavity.2–4 Under the best of conditions, 

each of these microbiome niches represents a species-balanced community which is 

important to the establishment and maintenance of human health.3,5

Current evidence suggests an association between a dysbiotic oral microbiome, 

manifest as periodontal disease, and a variety of systemic diseases. For example, moder-

ate and severe periodontitis have been associated with development and progression of 

atherosclerosis,6–8 cardiovascular disease,9–11 stroke,12–14 complications of diabetes,15–17 

Alzheimer’s disease,18–20 and adverse pregnancy outcomes.21–27 The common denomina-

tor for this mixture of disease associations appears to be the host inflammatory response 

and specific microbial pathogens.28–30 Because inflammatory periodontal disease 

is, for the most part, preventable,31 intervention strategies that result in better oral/

systemic health should be considered for reasons of public health. More specifically, 
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such strategies should be aimed at populations susceptible to 

atherosclerosis-related diseases (ie, cardiovascular, stroke, 

diabetes, and possibly Alzheimer’s disease) and women of 

child-bearing age.

Significant evidence is available to consider that the 

majority of preterm births due to infection result from an 

ascendancy of bacterial pathogens from the vaginal micro-

biome to infect the clinically sterile intrauterine cavity 

consisting of the placenta, amniotic fluid, and fetus.31–34 

This does not preclude the possibility of a hematogenous 

spread (bacteremia) of pathogenic microbes and inflamma-

tory mediators originating from other sources, including 

untreated periodontal disease, and their contributions to an 

adverse pregnancy outcome, such as preeclampsia, preterm 

birth and low birth weight, fetal growth restriction, and 

fetal loss.30,35,36

The oral microbiome
As a result of multiple ecologic determinants, the human oral 

cavity presents a prodigious and multifarious microbiota.37–41 

In a state of health, the oral microbiota maintain a symbiotic 

relationship with their host. However, an imbalance or mal-

adaptation within the oral microbial community (dysbiosis) 

commonly results in development of a dental disease.42,43 

In this regard, dental caries, gingivitis, and chronic or aggres-

sive forms of periodontitis are the most common expressions 

of oral disease.39,44–46

Chronic periodontitis is a highly prevalent, dysbiosis-

initiated, inflammatory condition that results in destruction of 

the supporting tissues of the teeth. This destructive process, 

a host response to pathogenic bacteria and their toxins such 

as cytolytic enzymes and lipopolysaccharides, is mediated by 

a proinflammatory cellular response involving neutrophils, 

lymphocytes, macrophages, and osteoclasts.45–50 The host 

response also generates a variety of inflammatory media-

tors, such as interleukin (IL)-1β, tumor necrosis factor-α, 

IL-6, prostaglandin E2, matrix metalloproteinase-8 and -9, 

which, in turn, can have a downstream effect on other 

organ systems by contributing to the body’s overall inflam-

matory burden.51–56

Through reverse transcription-polymerase chain reaction, 

microarray, and pyrosequencing technology, the microbiome 

of the human oral cavity has been found to be made up of a 

minimum of 700+ distinct microbial species, with sugges-

tions that this number may be as high as 1,200–1,500.39–41 By 

comparison, the microbial flora consistently associated with 

chronic periodontitis is reported to involve only a limited 

number of species.39,40,57 Dominating, in terms of virulence, 

among the periodontitis-associated bacterial species are 

mainly Gram-negative anaerobic bacteria, such as Porphy-

romonas gingivalis, Filifactor alocis, multiple species of 

Prevotella, particularly, Prevotella intermedia, Tannerella 

forsythia, multiple species of Treponema, particularly, 

Treponema denticola, Aggregatibacter actinomycetemcomi-

tans, Fusobacterium nucleatum, Parvimonas micros, Campy-

lobacter recta, multiple species of Eubacterium, and multiple 

species of Bacteroides.37,39–41,57–59 Interestingly, two of these 

bacteria are considered “keystone” microbes, Po. gingivalis 

and Fi. alocis. Keystone microbes are characterized by their 

relatively low numbers in a biofilm community and inher-

ent virulence factors that allow manipulation of the host 

innate immune system and remodeling of a normally benign 

microbiota into one that is dysbiotic.42,60–64 In addition to 

being keystone microbes, both Po. gingivalis and Fi. alocis 

are highly invasive microbes, a virulence factor that allows 

avoidance of the host immune response.65–69 Other microbes 

associated with periodontitis (T. denticola, Pr. intermedia, 

Fu. nucleatum, A. actinomycetemcomitans, C. rectus, and 

so on) are also known to exhibit tissue-invasive tenden-

cies, particularly in severe disease.70–72 This combination of 

tissue invasiveness, when combined with multiple transient 

bacteremias (common in patients with periodontal disease 

during mastication, oral hygiene, or dental treatment) leads 

to a body-wide dissemination of bacteria and activation of 

systemic inflammation-causing organ system complications 

and, in the case of pregnancy, adverse outcomes.21,25,73–77

Prevalence of periodontitis
Combined data from the 2009 to 2010 and the 2011 to 2012 

cycles of the National Health and Nutrition Examination 

Survey revealed that 46% of US adults, aged 30 years, 

representing ~65 million people, exhibited some degree of 

periodontitis.78,79 Of this group, 8.9% presented with severe 

periodontitis, which equates to ~12.6 million people.79 

Increased prevalence rate of periodontitis was associated with 

increasing age, male gender, and current tobacco smoking. 

Prevalence rates based on ethnic grouping were rather reveal-

ing when considered in terms of access to care issues, that 

is, Hispanic (63.5%), non-Hispanic blacks (59.1%), non-

Hispanic Asian Americans (50%), and non-Hispanic whites 

(40.8) were predominantly affected.79

Worldwide, severe periodontitis is estimated to be pres-

ent in 10%–15% of the adult population,80,81 with prevalence 

varying considerably from country to country. For example, 

20% of adults between the ages of 20 and 79 years in a large 

West Pomerania (Germany) study were reported to exhibit 
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severe periodontitis.71 The same study reported a prevalence 

rate of 35.3% of the population presenting with moderate 

periodontitis.71

Studies from India report that prevalence of periodontitis 

with attachment loss of 3 mm (moderate to severe disease) 

varies from 46% to 78%.82 However, depending on the age 

group and rural vs urban populations, the prevalence of peri-

odontal disease in India can vary from ≈50% to a maximum 

of 91%.82–88 Periodontal disease prevalence data collected 

since the year 2000 and for women of reproductive age 

(18–45 years) are sparse. The data, not unexpectedly, show 

that both severity and prevalence of the disease increase with 

increasing age.83–88

Specific to reproductive aged women, Bansal et al,84 in 

their study that included 205 females, reported that 6.58% 

of those aged between 20 and 24 years exhibited bleeding 

on probing (BOP) and 50.61% of subjects aged between 

25 and 34 years presented with visible amounts of dental 

calculus. The authors did not address severity of disease in the 

traditional manner, but rather assessed the need for treatment 

using the Community Periodontal Index of Treatment Needs 

(CPITN).89 A CPITN score of 1= BOP; score of 2= presence of 

supra- or subgingival calculus; score of 3= periodontal probing 

depth of 3.5–5.5 mm; score of 4= probing depth 5.5 mm. 

Thus, based on the CPITN data, severity of disease in the 

Bansal et al84 study is judged to be slight to moderate.

Batra et al85 reported that 45.5% of females, in a rural 

population, aged 20–29 years and 83.9% of those aged 30–39 

years had CPITN scores of 2 or greater. Such a range of 

scores would indicate periodontal disease severity ranging 

from slight to severe.

Other studies addressing disease prevalence in women 

of reproductive age are equally imprecise. For example, 

studies by Grewal et al87 and Rao et al88 both assessed rural 

Indian populations from Punjab and Mustabad, Krishna 

District, respectively. One study used the CPITN87 and 

the other the Community Periodontal Index88 indices for 

screening of patients and approximation of disease severity. 

Females represented ≈55% of the population in both studies. 

In general, both studies reported that females, regardless of 

age group, had a greater prevalence of periodontal disease 

than did males, roughly 55% vs 44%.

A study by Murthy et al90 assessed the association of 

periodontal disease to preterm birth and low birth weight. 

The study evaluated 240 primigravida Indian women equally 

divided between those with and without periodontitis. All 

participants exhibited BOP, 48% exhibited dental calculus 

accumulation, and those with periodontitis had pocketing of 

3.5–4.5 mm (slight to moderate disease). The study reported 

that periodontitis and anemia were independent risk factors 

for low birth weight, in spite of the slight to moderate severity 

of periodontal disease.

The CPITN index has been used by the majority of 

epidemiology studies to express severity of disease and 

treatment needs in Indian populations. However, as noted 

by Chandra et al86 and Shewale et al,91 the CPITN is known 

to grossly underestimate the levels of moderate and severe 

disease. Given the presentation of data using CPITN from 

various studies and the issue of underestimation of disease 

severity, one can still reasonably conclude that periodontal 

disease in Indian women of reproductive age (18–45 years) 

ranges from 10% to 35%, increasing in both prevalence and 

severity with increasing age.

The vaginal microbiome
The Human Microbiome Project (2012)92 reported that the 

vaginal microbiome exhibits an uncomplicated microbial 

diversity, compared to that of the gastrointestinal tract or the 

oral cavity. In healthy subjects, there appears to be minimal 

variation in the diversity of the vaginal microbiota.93 Species 

of Lactobacillus typically dominate the vaginal microbiota, 

comprising greater than 70% of the microflora.94 As in other 

bacterial communities, the dominance of one or more species, 

in this case Lactobacilli, generally prevents colonization by 

undesirable extrinsic species and, thereby, may provide a 

protective function.93–96 Yet, Hyman et al97 report that changes 

in the proportions of Lactobacillus in the vaginal microbiome 

and the presence of noxious bacteria were not correlated 

to preterm birth. The authors noted that race/ethnicity and 

sampling location likely impact determination of the vaginal 

microbiome. This latter statement was supported by Green 

et al98 and Prince et al99 in their respective reviews in which 

it was noted that the vaginal microbiome can fluctuate during 

various states of health, during hormonal fluctuations (ie, 

menstrual cycle and menopause), and between women of 

various ethnicities. A recent study by Hickey et al100 further 

supports the impact of hormonal change on the vaginal 

microbiota, reporting that puberty and initiation of cyclic 

menstruation have profound effects. Last, Prince et al99 

reported that during pregnancy, there is an overall increase 

of bacteria from the taxa of Lactobacillus, Clostridiales, 

Bacterodies, and Actinomycetales. However, none of these 

taxa were noted as having any negative effects on pregnancy. 

Prince et al99 did note that most of the studies looking at the 

vaginal microbiome are cross-sectional, which allows for the 

characterization of a pregnancy and gestational age-common 
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microbiome, but lacks the capacity for description of dynamic 

changes that may occur in individuals over time.

The placental microbiome
While the placenta has long been considered to be sterile in 

normal gestation,99 several authors93,101–104 have now reported 

that the placenta in healthy pregnancies has its own resident 

microbiome. Indeed, it appears that the presence of bacte-

rial infiltration of the placenta, without histologic evidence 

of infection, is not an unusual observation.101,103,104 Combs 

et al105,106 have shown that there is no association of preterm 

birth with a relatively benign intra-amniotic invasion of 

bacteria, that is, in the absence of inflammation. In contrast, 

preterm birth rates were higher in the presence of a combi-

nation of bacterial invasion and concomitant inflammatory 

response, indicated by elevated amniotic fluid levels of IL-6. 

Interestingly, in their initial study, Combs et al105 diagnosed a 

microbial infection or severe inflammation (defined as amni-

otic fluid levels of IL-6 11.3 ng/mL) in 63 of 305 (≈20%) 

women with preterm labor. Of those identified with microbial 

infection (n=27), the offending microbe in roughly 50% of 

the patients was of a genus and species commonly found 

in the oral cavity, for example, Fu. nucleatum, Bergeyella 

sp., Clostridium sp., Actinomyces sp., Peptostreptococcus 

(a.k.a. Parviomonas) sp., and Candida albicans.

Given this observation, one might argue that the mere 

presence of bacteria in the placenta is not the important 

determinant of preterm birth. Rather the specific types of 

bacterial populations present would seem to play a bigger 

role. For example, the presence of “keystone” microbes, such 

as Po. gingivalis and/or Fi. alocis, both having the ability to 

interact with previously benign microbes, converting them 

into active pathogens, may play a sinister role in microbial 

dysbiosis that leads to an adverse pregnancy outcome. Given 

this line of thought, it is interesting to note that Aagaard 

et al102 reported that the bacterial taxonomic profile of the 

placenta microbiome was more similar to that of the oral 

cavity than to skin, nasal, vaginal, or the gastrointestinal 

floras of nonpregnant control patients.

The placental microbiome was found to contain, 

among others, bacteria belonging to the following phyla: 

Firmicutes, Tenericutes, Proteobacteria, Bacteroidetes, 

and Fusobacteria.102 The majority of bacterial species in 

these phyla are Gram-negative, anaerobic, and common to 

the human oral cavity. As suggested by Stout et al,101 the 

similarities of the two microbiomes (vaginal and oral) may 

indicate a hematogenous spread of the associated microbes. 

A hematogenous spread of oral microbes, in turn, presents 

the possibility of their participation in the pathogenic mecha-

nisms of preterm birth or other adverse pregnancy outcomes, 

such as preeclampsia or fetal death.24,107–112

Bacteria and adverse pregnancy 
outcomes
Infection-related preterm birth is reported as the leading cause of 

infant mortality and morbidity.110 Evidence indicates that ~40% 

of preterm births are vaginal and intrauterine infection related 

and ~50% are associated with intra-amniotic infections.97,113,114 

Given this background, an understanding of the origin of the 

offending bacteria and routes of invasion of the placenta and 

amniotic cavity becomes requisite. A review by Mendez et al32 

concluded that the most common intra-amniotic bacterial taxa 

were species associated with the vagina, although other species 

were commonly associated with the oral cavity, gastrointestinal 

and respiratory tracts. The authors concluded that the collective 

data indicate a primary role for the ascending route of infec-

tion during pregnancy and a possible secondary role for the 

hematogenous route of invasion.

In spite of the evidence and the biologic plausibility 

supporting a hematogenous dissemination of oral microbes 

and a role in adverse pregnancy outcomes,115–118 a paradox 

remains. Results of intervention studies in which periodontal 

disease was treated in the second trimester of pregnancy 

have generated conflicting results.30,119–127 Reasons for this 

lack of effect may involve several design and methodology 

issues, such as 1) variations in the comprehensive nature of 

the periodontal examination, that is, partial vs full-mouth 

examination, which result in an imprecise determination of 

disease severity; 2) variations in the consistency in timing 

of the periodontal examination with respect to gestational 

age; 3) lack of masking of examiners; 4) lack of multivari-

able analyses that considered confounders30; 5) variations in 

treatment protocols; 6) treatment failed to adequately reduce 

periodontal inflammation; and 7) treatment rendered in the 

second trimester may be too late to elicit a beneficial effect on 

pregnancy outcomes. The obvious intervention study remains 

to be done, that is, definitive treatment of inflammatory peri-

odontal disease prior to conception, followed by periodontal 

maintenance every 3 months during pregnancy.

One might argue that the hematogenous spread of oral 

microbial pathogens (bacteremia) is prevented by systemic 

“biologic filters” such as the reticuloendothelial systems of 

the liver and spleen and the maternal–fetal barrier. How-

ever, multiple avenues exist for how bacteria of oral origin 

can participate in placental and intrauterine infections. 

Take for example, Fu. nucleatum, a highly prevalent oral 
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microbial species that is associated with both periodontal 

disease128,129 and adverse pregnancy complications.130,131 

Several investigators132,133 have shown that Fu. nucleatum can 

be induced to express adhesin FadA, a protein that interacts 

with E-cadherin which is a major mediator of cell-to-cell 

attachment of epithelial and endothelial cells. Fu. nucleatum 

adheres to and invades host cells and facilitates invasion by 

otherwise noninvasive bacteria.134–136 Indeed, host cell attach-

ment and invasion by Fu. nucleatum has been shown to play 

a critical role in intrauterine infection.133,136

A second consideration is the potential role for 

Po. gingivalis, mentioned earlier along with Fi. alocis, as 

a “keystone” microbe. Po. gingivalis has been detected 

in the amniotic fluid of pregnant females at risk for pre-

mature delivery137,138 and in the placentas of patients with 

preeclampsia.139 Immunohistochemistry techniques have 

shown that the microbe has a demonstrated presence in pla-

cental tissues, for example, syncytiotrophoblasts, chorionic 

trophoblasts, decidual cells, amniotic epithelial cells, and 

endothelial cells, obtained from subjects diagnosed with 

chorioamnionitis. Last, animal studies have demonstrated the 

ability of Po. gingivalis to achieve transplacental passage, 

resulting in chorioamnionitis and placentitis.140,141

A third conceivable pathway for establishment of oral 

microbial pathogens in the vaginal, microbiome which, in a 

pregnancy may contribute to the placental microbiome, can 

be explained by direct transmission through sexual practices. 

This latter pathway does not seem to have been addressed in 

the research literature.

Regardless of the origin, infections leading to adverse 

pregnancy outcomes that involve bacteria common to the 

oral cavity raise at least two relevant questions from a public 

health viewpoint:

1. Will preconception treatment of periodontal disease, 

that is, reduction of inflammation, bacterial loads, and 

inflammatory mediators, in a reproductive age female, 

reduce the incidence of adverse pregnancy outcomes?

2. Given the possibility of transmission of oral pathogenic 

microbes during sexual activities, will preconception 

treatment of periodontal disease in both partners reduce 

the incidence of adverse pregnancy outcomes?

Given the cost of dental care in the US and some other 

developed countries, the maldistribution of dental practitio-

ners in urban vs rural localities, and the lack of dental care 

in many underdeveloped countries, a profound disparity 

exists in access to dental care and in periodontal health in 

poor and/or rural populations.142–150 Assuming that research 

initiatives will eventually answer the two questions listed 

above, the medical and dental public health communities still 

need to develop strategies to address access to care.

Conclusion
Significant evidence supports an association between the dis-

semination of pathogenic bacteria associated with moderate 

and severe periodontitis and extraoral infections and inflamma-

tion. The virulence properties assigned to specific oral patho-

genic bacteria, for example, Fu. nucleatum, Po. gingivalis, 

Fi. alocis, C. rectus, and others, render them as potential 

collaborators in adverse outcomes of pregnancy.21,151–154 The 

biologic plausibility of the association between periodontal 

disease, the inherent bacteria and systemic impact of inflam-

matory mediators, and adverse pregnancy outcomes likely 

involves several pathways: 1) a hematogenous spread (bacte-

remia) of periodontal pathogens;151 2) a hematogenous spread 

of multiple mediators of inflammation that are generated by the 

host and/or fetal immune response to pathogenic bacteria;116,155 

and 3) a possible oral microbial pathogen transmission, with 

subsequent colonization, in the vaginal microbiome resulting 

from sexual practices. The medical and dental public health 

communities should address intervention strategies aimed at 

controlling oral inflammatory disease, which will lessen the 

systemic inflammatory burden and suppress the potential for 

adverse pregnancy outcomes.
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ABSTRACT

Aim: To comparatively evaluate the efficacy of disinfecting 
ability of garlic oil, neem oil, clove oil, and tulsi oil with autoclav-
ing on endodontic K files tested against Enterococcus faecalis.

Materials and methods: Fifty endodontic K files were exposed 
to the test micro-organism and checked for its disinfecting 
ability using three different methods.

Result: Garlic oil, clove oil, tulsi oil and autoclave showed 
considerable effectiveness against E. faecalis except neem oil.

Conclusion: Garlic oil, clove oil and tulsi oil are an effective 
disinfectant and can be used as an alternative to autoclaving 
against the test micro-organism.

Clinical Significance: Herbs and herbal extracts are a natural 
and harmless way of controlling infection. These products are 
readily available and comparable to gold standard, thus can 
have its applications in rural India.

Keywords: Autoclave, Clove oil, Disinfection, Enterococcus 
faecalis, Garlic oil, Neem oil, Tulsi oil.

INTRODUCTION

Microorganisms induce a variety of infections and dis-
eases in the human body and are largely ubiquitous in 
the nature of the contamination, directly or indirectly 
leading to transmission of infectious agents.1 The human 
oral cavity contains a wide variety of microorganisms—
both commensals and pathogenic organisms—and these 
pathogenic microorganism are the ones causing infec-
tions.2 Due to a large number of bacteria, it becomes 
impossible to work in the sterile environment. Infection 
control procedures are essential to modern dentistry and 
have an impact on clinical outcomes.

Endodontic procedures are one of the most common 
treatments carried out in the dental operatory. Endodontic 
instruments are one of the “critical items” as they contact 
the vital tissues of the body. Endodontic files are one of them 
and, thus, should be sterile before use and reuse.3 There is a 
high chance of transmitting pathogenic microbes via end-
odontic instruments in the absence of adequate infection 
control. It has been found that these instruments can even be 
supplied by the manufacturer with a high microbial content 
obviating the need to sterilize them even before their first 
use.4 Since the advent of the variant Creutzfeldt–Jakob 
disease infectivity, disinfection and infection control play 
a major role, as it is an incurable and fatal disease.5

Although there are many procedures to sterilize or 
disinfect files, they do have some shortcomings. Autoclav-
ing is considered to be the gold standard for sterilization, 
but it has a disadvantage in that it tempers the mechanical 
properties of files by reducing their cutting efficiency.6

Of all the endodontic pathogens, E. faecalis is commonly 
found in the primary and persistent root canal infections. 
It is a Gram-positive, facultative anaerobic bacteria, which 
is resistant to various disinfection procedures.7

Phytodentistry has emerged with dentistry due to its 
properties, such as it does not tamper with physical proper-
ties and microorganisms are unable to develop resistance 
against the agents used.8 Many studies showed the efficacy 
of garlic oil, neem oil, clove oil, and tulsi oil against various 
microorganisms.9-14 Thus, the aim of our study was to 
compare the disinfecting efficacy of garlic oil, neem oil, 
clove oil, and tulsi oil with autoclaving against E. faecalis.
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MATERIALS AND METHODS

The study was performed on 50 K files, 25 mm long and 
of size 10. The significance behind using # 10 K file was 
that they were the first endodontic files inserted into the 
canal and encounter the maximum infection. All files 
were presterilized using standard autoclaving protocol at 
121°C at 15 psi for 30 minutes. E. faecalis standard strain 
ATCC (American Type Cell Culture) 21292 was used for 
disinfecting the files.

The E. faecalis broth was prepared according to the 
standard microbiological protocols and incubated over-
night for a period of 24 hours at 37°C (Fig. 1).

After the broth was obtained, presterilized files were 
infected by inserting them into a sterile container contain-
ing the broth for a period of 30 minutes (Fig. 2).

Following this, the files were transferred to a sterile 
petri dish and incubated for 30 minutes at 37°C for drying 
and ensuring fixation of the microbes on the files (Fig. 3).

The files were equally divided and inserted into the 
test chemicals:
•	 Group I: 10 K Files treated with 0.5% w/v garlic oil 

extract. (Dr. Jain’s Forest Herbals Private Limited, 
Andheri, Mumbai, India)

•	 Group II: 10 K Files treated with neem leaf oil. (Dr. 
Jain’s Forest Herbals Private Limited, Andheri, 
Mumbai, India)

•	 Group III: 10 K files treated with clove leaf oil. (Dr. 
Jain’s Forest Herbals Private Limited, Andheri, 
Mumbai, India)

•	 Group IV: 10 K files treated with tulsi leaf oil. (Dr Jain’s 
Forest Herbals Private Limited, Andheri, Mumbai, 
India)

•	 Group V: 10 K files treated with autoclaving at 121°C 
at 15 lbs for 30 minutes.
The endodontic files in groups I, II, III, and IV were 

placed into the test chemical for 5 minutes and group V 
was autoclaved according to the standard protocol (Fig. 4).

The disinfecting abilities of the test chemicals were 
checked using the three methods.
1. Turbidity method
2. Blood agar plate streaking method
3. Microscopic examination

In the turbidity method, all the infected files were 
placed into 50 test tubes containing peptone water and 
incubated overnight to check for turbidity, which was 
suggestive of the growth of bacteria (Fig. 5).

In blood agar streaking method, using the sterile 
loupes, the inoculum from the test tube was streaked  
onto the blood agar plate and checked for colony growth 
(Fig. 6).

In case of microscopic examination using Gram’s 
stain, the standard strain was checked with respect to all 
disinfected files by the different methods (Fig. 7).

Statistics

All the data were tabulated and tested statistically using 
one-way analysis of variance test and Chi-squared test 
using Statistical Package for the Social Sciences 18 software.

Fig. 1: Enterococcus faecalis broth Fig. 2: Endodontic files infected by placing in E. faecalis broth 
for 30 minutes

Fig. 3: Infected endodontic files placed in petri dish
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Figs 6A to E: Disinfection of K files checked by blood agar plate streaking method: (A) Autoclave; (B) 0.5% w/w garlic 
oil; (C) neem leaf oil; (D) tulsi leaf oil; and (E) pure clove leaf oil

Figs 4A to E: Infected endodontic files placed in: (A) Autoclave; (B) 0.5% w/w garlic oil; (C) neem leaf oil; (D) tulsi leaf oil;  
and (E) pure clove leaf oil

A B C D E

Figs 5A to F: Disinfection of K files checked by turbidity method: (A) Control; (B) autoclave; 
(C) 0.5% w/w garlic oil; (D) neem leaf oil; (E) tulsi leaf oil; and (F) pure clove leaf oil

A B C D E F

A B C

D E
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RESULTS

Statistically significant result was seen between the neem 
oil group and other test material groups. All the endodon-
tic files used in the study except the ones for the neem 
oil group showed no growth of E. faecalis, while the files 
disinfected with the neem oil group showed turbidity 
in peptone water, peculiar growth of E. faecalis on blood 
agar, and Gram-positive cocci colonies under microscopic 
examination.

DISCUSSION

An important cause of spread of infection from one 
person to another is through the use of contaminated 
instruments. The trend in health care settings is moving 
toward single-use instruments. It has been suggested 
that endodontic files should be for single use only, 
but because of cost implications, this has not yet been 
implemented.5 Due to the risk of cross-contamination, 
resulting in the spread of dreadful disease like human 
immunodeficiency virus – acquired immunodeficiency 
syndrome, Creutzfeldt–Jacob’s disease, etc., their cleaning 
and sterilization are of paramount importance.

The E. faecalis is an important microorganism in the 
view of its potential to cause significant resistance to 
pulpal and periapical infection.8 It is an obligate anaerobe, 
which thrives well under reduced oxygen tension and  
is significantly resistant to commonly used intracanal 

medicaments and irrigating regimens as outlined by 
various studies.7,9 Thus, E. faecalis was used in the present 
study to determine the disinfecting potential of the dif-
ferent test chemicals.

Garlic oil has proven its antimicrobial properties by 
various studies.10-13Groppo et al10 showed that garlic oil 
was effective in reducing the oral microorganisms. Tsao 
and Yin11 found that Pseudomonas and Klebsiella which 
were resistant to various drugs including Ceftazidime, 
Gentamycin, Imipenem, and Meropenem were sensitive 
to garlic oil. Bakri and Douglos12 found that garlic oil was 
effective against most of the microorganisms, with Strep-
tococcus mutans and Porphyromonas gingivalis being the 
most sensitive. Ruddock et al13 concluded that garlic oil 
was effective against E. faecalis similar to our study along 
with Neisseria and Staphylococci also being susceptible.

In our present study, garlic oil was found to be effec-
tive against E. faecalis similar to autoclave. The reason 
being garlic contains an active component—allicin—that 
is produced by the action of allinase enzyme on allin. This 
allicin reacts with thiol groups of enzymes in susceptible 
bacteria to form S-allylmercaptocysteine, thus causing 
their inhibition. This disrupts the metabolic activity of 
the bacteria and causes cell lysis.14

Clove oil has a long history of use as a natural anti-
microbial agent. There is enough literature to state its 
efficacy against the oral and systemic pathogens.15-17  
Nascimento et al,15 in their study, proved the efficacy 

Figs 7A to F: Disinfection of K files checked by microscopic examination method: (A) Control; (B) autoclave;  
(C) 0.5% w/w garlic oil; (D) neem leaf oil; (E) tulsi leaf oil; and (F) pure clove leaf oil

A B C

D E F
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of clove oil against Staphylococcus aureus, Klebsiella pneu-
moniae, Pseudomonas aeruginosa, and Candida albicans; when 
they tested other herbs, such as basil, guava, rosemary, 
sage, pomegranate, yarrow, jambolan, thyme, and lemon 
balm, clove oil showed to be the most effective. Clove 
oil was found to be more effective when compared with 
clove extract and scorbic acid against the foodborne patho-
gens.16 Hugar et al17 showed that clove oil was effective 
against E. faecalis, which was in accordance to our study.

Clove oil has (70–90%) eugenol.18 This causes sensiti-
zation of the phospholipid bilayer of the microbial cyto-
plasmic membrane causing increased permeability and 
unavailability of vital intracellular constituents resulting 
in disruption of the cell membrane leading to leakage 
of cellular constituents and finally bacterial cell death.17

Tulsi oil has been widely investigated due to its easy 
availability and antimicrobial properties. Fine et al19 
proved that tulsi oil reduced almost 75.4% S. mutans 
present in the plaque sample. According to Agrawal 
and Nagesh,20 tulsi extract demonstrated an antimicro-
bial activity against Streptococcus mutans and showed 
maximum antimicrobial potential at the 4% concentration. 
Tulsi oil was moderately effective against the planktonic 
and biofilm forms of E. faecalis.21 In our study, it was seen 
that tulsi oil was effective against E. faecalis; similar results 
were found by Subbiya et al22 where tulsi oil significantly 
reduced the E. faecalis count present in the dentinal biofilm.

The active constituents of tulsi are tannins (4.6%) and 
essential oil (up to 2%). The essential oil consists principally 
of eugenol (up to 62%) and methyl-eugenol (up to 86%). 
The antimicrobial action of tannins is due to their ability 
to form complexes with enzymes or substrates required by 
microorganisms for their functioning or may be related to 
its action on the cell membrane of the microorganisms.22

Neem is commonly seen as a medicinal tree and versa-
tile plant having a wide spectrum of biological activities. 
Various studies have been put forward on its antimicro-
bial properties. A study by Elavarasu et al23 stated that 
neem oil was effective by reducing the growth of the 
plaque-causing microorganisms. Bohora et al24 found 
that neem extract showed significant antimicrobial effect 
against E. faecalis and C. albicans. But a study by Kumar 
and Sidhu25 stated that neem extract was ineffective and 
did not inhibit the growth of E. faecalis; similar result was 
obtained in the present study.

Neem contains terpenoids like nimbin, flavonoids, 
tannins, and alkaloids. These phytochemicals act on bac-
terial cell wall by binding to adhesins forming complex 
causing inactivation of proteins and cell function.26

Autoclave is considered to be a gold standard and is 
recommended as an ideal method of sterilization, as it 
results in complete eradication of spores and microorgan-

isms. It works on the principle of coagulation and dena-
turation of essential proteins structures resulting in cell 
lysis.27 But, it has a drawback of tempering the mechanical 
properties of the instruments. Study by Neal et al6 proved 
that autoclave caused reduction in the cutting ability of 
the endodontic files.

Thus, our present study concludes that garlic oil, 
clove oil, and tulsi oil are as effective as autoclave for 
disinfection and can be considered as an alternative to 
it, but neem oil was found to be ineffective.

Advantages

It requires less chairside time, is economical, easily avail-
able, with minimal possibility of developing resistance, 
does not temper the physical properties of files, and does 
not require electrical supply and can be carried out in the 
rural areas.

Limitations of Our Study

An ex vivo study needs to be carried out to check for 
their efficacies on the in vivo strains. A large sample size 
with a wider spectrum of bacteria needs to be tested to 
validate its use.

CONCLUSION

Herbs and herbal extracts are a natural and harmless way 
of controlling infection. These products are readily avail-
able and are comparable with the gold standard and can 
have their applications in rural parts of India. Clove oil, 
garlic oil, and tulsi oil have excellent antibacterial prop-
erties and can be used for endodontic infection control.
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A Rare Case of Bilateral Morgagni’s Hernia with Intestinal
Obstruction and Malrotation of the Gut in an Adult Patient
with Severe Osteogenesis Imperfecta Presenting as Severe
Respiratory Distress
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Abstract Osteogenesis imperfecta (OI) is associated with
congenital inguinal hernia that can occur due to genetic
mutation. Morgagni’s hernia is a rare congenital dia-
phragmatic herniation and is usually diagnosed in child-
hood. We present a case of an 18-year-old male present-
ing with bilateral Morgagni’s hernia with intestinal ob-
struction with osteogenesis imperfecta with malrotation
of the gut.

Keywords Morgagni’s hernia . Osteogenesis imperfecta .

Malrotation of gut .Mesh repair

Introduction

Congenital diaphragmatic hernia of Morgagni’s type is
an uncommon birth defect that is associated with con-
siderable morbidity and mortality. The average preva-
lence of congenital diaphragmatic hernia (CDH) was 1/
4000 births. Osteogenesis imperfecta (OI) is a group of
heterogenous conditions characterized by a varying de-
gree of bone fragility. It is a heterogenous mutation in
either type 1 collagen genes and it is inherited in an
autosomal dominant manner. Mutations in the COLI

A1, COLI A2, CRTAP AND LEPRE 1 genes are known
to cause OI [1, 2]. OI affects an estimated 7/100,000 people
worldwide. It is rare for this condition to be present in adult-
hood. It has been reported that the incidence of malrotation in
adults is approximately between 0.00001 % and 0.19 % [3–5]
Figs. 1 and 2.

Case Report

An 18-year-old male, a known case of severe osteogenesis
imperfecta with restricted mobility presented with sudden on-
set of respiratory distress and vomiting. He had vomiting and
breathlessness for 3 days prior to reaching our hospital. Due to
severe respiratory distress and clinical suggestion of the right
lower lobe pneumonia, patient was intubated and ventilated.
Chest X ray showed the right lower lobe replaced by solid and
cystic areas suggestive of cystic adenomatous malformaion
(CAM) or diaphragmatic hernia. Due to diagnostic uncertain-
ty, a CT scan was performed which confirmed Morgagni’s
hernia with intestinal obstruction. Patient was optimized and
emergency laparotomy was performed. On opening of the
abdomen, patient was found to have bilateral Morgagni’s her-
nia—right larger than left side. Most of the small intestine and
large intestine had herniated into the right side leading to ob-
struction but without evidence of strangulation. After reducing
the hernia, he was noted to have partial malrotation of the gut
with the caecum on the left side. Both Morgagni’s herniae
were repaired with No. 1 Prolene and reinforced with
Prolene mesh. Prophylactic appendicectomy was also carried
out to avoid future diagnostic problem. Patient made rapid
recovery after surgery and could be weaned off the ventilator
and extubated on the 3rd post-op day. He was discharged on
the 11th post op day.
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Discussion

Morgagni’s hernia is a rare diaphragmatic hernia and usually
presents in childhood. Association of malrotation of the gut
with Morgagni s hernia in an adult patient with severe osteo-
genesis imperfecta and presenting as pneumonia needing ven-
tilator support is still a rarer entity. Patient with Morgagni’s
hernia may be diagnosed by a simple chest X ray, but in some
other cases, a CT scan of the chest and abdomen is necessary
[6–8] .

Presence of severe osteogenesis imperfecta further compli-
cates perioperative management including anaesthetic tech-
niques and post operative recovery in these patients. In our
case, we performed a laparotomy and the defect was closed
with Prolene mesh after reduction of the contents. Presence of
malrotation of the gut with the caecum lying on the left side
warranted prophylactic appendicectomy. Fortunately, the pa-
tient made slow but uneventful recovery.

Conclusion

Osteogenesis imperfecta is a genetic disorder so along with
the care of bones patient should be evaluated for the
chances of occurrence of diaphragmatic hernia and diagnosed
earlier to reduce the mortality andmorbidity associatedwith it.

Malrotation of the gut is most of the time asymptomatic;
hence, when or if diagnosed, should be treated if possible or
left alone.
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A B S T R A C T

Aims: To determine the prevalence of Thyroid dysfunction among Type 2 Diabetes mellitus.
Methodology: A cross-sectional hospital-based study is conducted to find out the prevalence of thyroid
dysfunction. 713 type 2 diabetes mellitus (T2DM) subjects were enrolled in the survey. These subjects
were investigated for fasting blood sugar (FBS), glycosylated haemoglobin (HbA1c), total triiodothyro-
nine (T3), total thyroxine (T4), and thyroid-stimulating hormone (TSH).
Results: Prevalence of thyroid dysfunction in T2DM was found in 16.2%. Gender-specific prevalence found
higher in females (25%) compared to males (10.1%) (P < 0.001). Age-specific prevalence found higher in
the age group �50 yrs. (19%) Compared to other age groups (P = 0.036). Subjects with poor glycaemic
control demonstrated higher prevalence (27.9%) (P = 0.012). Subjects with long-standing T2DM had an
increased risk for thyroid dysfunction (19.8%) though findings were not statistically significant. (P = 0.42).
Conclusion: The prevalence of thyroid dysfunction with T2DM (16.2%) was high in females compared to
males and especially hypothyroidism being more typical. Failure to recognise the presence of thyroid
dysfunction among T2DM patients may be a primary cause of poor management of diabetes. We
recommend universal screening and regular monitoring of thyroid dysfunction in T2DM patients.

© 2016 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Diabetes mellitus and thyroid dysfunction are the two most
common endocrine disorders seen in outpatient care with
reported global prevalence ranging from 2 to 17%. Thyroid
dysfunction is a spectrum of disorders of the thyroid gland which
manifests either as hyper or hypothyroidism and is reflected in
circulating levels of TSH. There is a deep, fundamental relation
between diabetes mellitus and thyroid dysfunction [1]. Studies
have found that thyroid dysfunction is much common in diabetic
population compared to non-diabetic population, diabetes and
thyroid disorders have been shown to influence each other
mutually because of intersecting pathology [2,3]. Thyroid
hormones cause an increase in the hepatocyte concentration of
glucose-6-phosphate, glucose transporter 2 (GLUT 2) thereby
leading to increased hepatic glucose output and abnormal glucose

metabolism giving rise to the overproduction of lactate entering
Cori’s cycle and further promotes hepatic gluconeogenesis [4,5].
Thyroid hormones also cause an increase in gut glucose absorption
and increased lipolysis which further promotes hepatic gluconeo-
genesis [6]. Thus, thyroid dysfunction may lead to the development
of insulin resistance. Diabetes mellitus also influences thyroid
function at two different sites. Firstly, at the level of hypothalamic
control of TSH release and next at the level of peripheral tissue by
converting T4 to T3. Hyperglycaemia causes a reduction in the
hepatic concentration of T4-T5 deiodinase, low serum concentra-
tion of T3, raised, normal or low T4 [7]. A possible genetic
interaction has also been noted between the development of
thyroid dysfunction and type-2 Diabetes Mellitus. Few genes like
protein kinase B, Inhibitory G protein, GLUT2, [8] phosphoenol-
pyruvate kinase [9] have been identified. Hence, assessment of
thyroid function in the uprising diabetic patient number may be
helpful in identifying cases of clinical and subclinical thyroid
dysfunction thereby assisting in mitigating the harmful effects due
to low thyroid hormones.
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2. Methodology

A cross sectional hospital based study was undertaken to find
the prevalence of thyroid dysfunction in 713 type 2 diabetes
mellitus (T2DM) subjects attending Diabetes Centre, KLES Dr
Prabhakar Kore Hospital and Medical Research Centre, KLE
University, Belagavi from January 2014 to October 2015. Those
diabetic patients with known thyroid disorders, complications of
diabetes mellitus, history of other illnesses, and hyperlipidaemia as
well as on corticosteroids therapy and medications affecting
thyroid function were excluded from the study.

Each subject’s demographic data, (age, sex) anthropometric
measurements (height, weight, and BMI) including blood pressure
(systolic and diastolic), duration of diabetes, family history of
diabetes and thyroid disease, smoking habit and alcohol intake
were recorded. About five mL overnight fasting venous blood
samples were collected at morning time from each patient. Blood
glucose glycated haemoglobin (HbA1c), free triiodothyronine (T3),
free tetraiodothyronine (T4), and thyroid-stimulating hormone
(TSH) were estimated. Blood glucose and HbA1c were determined
using the enzymatic method and by High-pressure liquid

chromatography (HPLC) principle, respectively. Serum T3, T4,
and TSH were measured by using Chemiluminescence Immuno-
assay (CLIA). Thyroid dysfunction was said to occur if patients
thyroid hormones fall outside the reference range (serum T3 (0.6–
1.8 ng/ml), serum T4 (3.2–12.6 mgm/dl), and TSH level (0.55–4.78
mciu/ml). The data generated from the study were entered into MS
Excel and analysed using SPSS statistical package version 20.0
(Chicago, USA). Continuous variables were expressed as mean �SD
values and categorical variables were expressed as a percentage
(number). ANOVA test was applied for continuous variables, and
the chi-square test was used for categorical variables at 95%
confidence interval. Categorical variables were expressed as a
percentage (number). ANOVA test was applied for continuous
variables, and the chi-square test was used for categorical variables
at 95% confidence interval.

3. Results

Prevalence of thyroid dysfunction among T2DM patients was
found to be 16.2%. Gender-specific prevalence found higher in
females (25%) compared to males (10.1%) (P < 0.001). The

Table 1
Gender Specific Prevalence of Thyroid Dysfunction in T2DM.

Gender T2DM with thyroid dysfunction T2DM without thyroid dysfunction Total

Males 42 (10.1%) 375 417
Females 74 (25%) 222 296
Total 116(16.2%) 597 713

X2 = 28.32, DF = 1, P = 0.001, OR: 0.34, 95% CI = 0.22–0.52.

Table 2
Age-Specific Prevalence.

Age (years) T2DM with thyroid dysfunction T2DM without thyroid dysfunction Total

Males Females Total Males Females Total

20–30 (7.7%) 00 01 01 07 05 12 13
31–40 (9.7%) 04 13 17 101 56 157 174
41–50 (17%) 05 12 17 50 33 83 100
>50 (19%) 33 48 81 217 128 345 426
Total 42 74 116 375 222 597 713

X2 = 8.49, DF = 3, P = 0.036.

Table 3
Prevalence of thyroid dysfunction according to glycemic status.

Hba1c (%) T2DM with thyroid dysfunction T2DM without thyroid dysfunction Total

Males Females Total Males Females Total

4.7–6.4 (13.7%) 22 38 60 233 143 376 436
6.5–7.0 (14.7%) 05 04 09 36 16 52 61
7.1–8.0 (17.6%) 08 15 23 65 42 107 130
>8.0 (27.9%) 07 17 24 41 21 62 86
Total 42 74 116 375 222 597 713

X2 = 10.86, DF = 3, P = 0.012.

Table 4
Prevalence of Thyroid Dysfunction According to Duration of T2DM.

Duration (years) T2DM with thyroid dysfunction T2DM without thyroid dysfunction Total

Males Females Total Males Females Total

0–4 (13.9%) 15 30 45 162 117 279 324
5–9 (17.1%) 04 09 13 43 20 63 76
10–12(17.7%) 12 22 34 99 59 158 192
>13 (19.8%) 11 13 24 71 26 97 121
Total 42 74 116 375 222 597 713

X2 = 2.81, DF = 3, P = 0.422.
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univariate logistic analysis showed significant association between
the presence of thyroid dysfunction and gender (chi-square =
28.32, DF = 1, Odds Ratio: 0.34, 95% Confidence Intervals: 0.22-
0.52), data shown in Table 1. Age-specific prevalence of T2DM
patients with and without thyroid dysfunction is presented in
Table 2. Age of the patients was divided into four groups of 20–30
yrs., 31–40 yrs., 41–50 yrs., and >50 yrs. Prevalence found to be low
(7.7%) in young age group. Prevalence was increased as the age
increased and highest prevalence found in patients more than 50
yrs. of age (19%), (chi-square = 8.49, DF = 3, P 0.036). Prevalence of
thyroid dysfunction according to glycaemic status is shown in
Table 3. HbA1c was divided into four groups. A significant
association between the presence of thyroid dysfunction and
glycaemic control is noted. Poorly controlled T2DM patients
carried increased risk (27.9%) of development of thyroid dysfunc-
tion compared to well controlled diabetic group (14.7%) (Chi-
square = 10.86, DF = 3, P-value = 0.012). Table 4 represents the
prevalence of thyroid dysfunction according to the duration of
T2DM. Diabetic patients with or without thyroid dysfunction did
not differ regarding the duration of diabetes. P-value was not
statistically significant (P = 0.42). Table 5 represents the type of
thyroid disorder according to the gender of T2DM patients.
Hypothyroidism is present in 14% (8.4% in males and 22% of
females) and hyperthyroidism in 2.2% (1.7% in males and 3% of
females).

4. Discussion

The prevalence of thyroid dysfunction among Type 2 Diabetes
Mellitus patients in our study was found to be 16.2%. Our
observations are in consistence with the previous similar studies
performed in India and other countries. First, of its kind, the
Wickham study (UK) in 1977 reported 6.6% prevalence of thyroid
dysfunction in T2DM patients [10]. The CTDP study (USA) reported
the prevalence of 11.7%. The NHANES III study documented the
prevalence of 5.9% in T2DM patients [11]. A study in Jordan by
Radaideh et al. found the prevalence of thyroid dysfunction to be
12.5% [12]. In another study by Papazafiropoulouet et al. in Greece,
prevalence was shown to be 12.3% [13]. Another study by Akbar
et al. estimated that prevalence of thyroid dysfunction to be 16%
[14]. Higher prevalence of 29.7%, 32.4% documented in Nigeria by
Ghazalis et al. [15] and in Spain by Diez et al. [16] respectively.
Studies were done in India by Vikhe et al. [17] in Pune and
Demitrost et al. [18] in Manipur showed a higher prevalence of 30%
and 31.2% respectively. Gender-specific prevalence in our study
pointed out the fact that female diabetic patients (25%) are more
affected than male diabetic patients. In the present study, we found
that the prevalence of thyroid dysfunction increased with
advancing age. A possible explanation for this would be that older
patients might have had undetected diabetes for a longer time.
Also, they are more prone to develop insulin resistance and decline
in beta cell function [19]. In our study, prevalence found to be
increased in poor glycaemic controlled diabetic patients. We could
not establish any significant association between thyroid dysfunc-
tion and duration of diabetes. Our finding was not statistically

significant (P Value = 0.422). Not much difference was noted in the
prevalence between newly detected versus long-standing diabe-
tes. In our study, 83.8% were euthyroid. 100 (14%) had hypothy-
roidism, [65 (22%) were females, 35 (8.4%) were males] and 16
(2.2%) had hyperthyroidism [9 (3%) women and 7(1.7%) males].
Females were at increased risk than men. Observations made by us
were consistent with the observations made by Demitrost et al.
[18] and Vikhe et al. [17].

5. Conclusion

Our study concluded the prevalence of thyroid dysfunction was
high in type 2 diabetes patients (16.2%), females affected more than
males. Incidence is increased with advancing age and poor
glycaemic control. Duration is the cause for an increased risk
but was not statistically significant. Hypothyroidism (14%) was
observed to be more common than hyperthyroidism (2.2%) with
females being more affected than males Failure to recognise the
presence of abnormal thyroid hormone level in diabetes may be a
primary cause of poor management of diabetes. We recommend all
type 2 diabetes mellitus should have baseline evaluation of TSH
and TPO antibodies and further precise dosing and specific
treatment algorithm for thyroid dysfunction.
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To the Editor: Neonatal viral encephalitides are emerging as
important causes for neonatal encephalopathy but are com-
monly missed and mistaken for inborn errors of metabolism
(IEM). Neuroimaging can give clues to the possibility.

A 6-d-old term newborn, born to non-consanguineous mar-
ried couple presented with fever, refusal to feed, lethargy and
recurrent seizures from day-4 of life. Serum chemistry, sepsis
screen and cerebrospinal fluid (CSF) studies were normal.
Treatment with phenobarbitone, phenytoin, levetiracetam,
pyridoxine and clonazepam failed. EEG showed suppression
burst pattern with multifocal epileptiform discharges.
Screening tests for IEM like lactate, ammonia, ketone bodies,
tandem mass spectrometry and urine gas-chromatography/
mass-spectrometry were negative. MRI brain showed bilateral
restricted diffusion in the white matter (subcortical and
periventricular) which was not very obvious on T1W and
T2W/FLAIR images (Fig. 1). MR spectroscopy was normal.
Suspecting infectious causes like enteroviral encephalitis,
stool was sent for polymerase chain reaction for rotavirus
which was positive. The seizures subsided after 3 d. Repeat
EEG, MRI at 5 mo and developmental assessment at 6 mo
was normal. We saw three more similar cases with good neu-
rological outcome (Table 1).

Symptomatic neonatal viral encephalitis is uncommon
(many intrauterine). Herpes simplex virus and Enterovirus/

Human Parecho virus-3 (HPeV) are associated most consis-
tently with neonatal rather than fetal encephalitis. In one case
series, HPeV3 was three times more common than that due to
EV and accounted for 64% of all encephalitic cases [1].
Rotavirus is emerging as an another important cause for neo-
natal viral encephalitis [2]. The neonates present with neonatal
seizures and with apparent cerebral white matter injury.
Usually this is associated with fever, rash and irritability.
Diarrhea is a common accompaniment (but not always pres-
ent) and there is seasonal variation [1]. Seizures can be single
and but at times can be recurrent lasting for more than 24 h and
usually occur in the first 2 wk. Cranial USG can show in-
creased periventricular echogenecity [3]. Importantly, the rou-
tine CSF examination is normal in majority (upto 90%). MRI
shows an apparent predilection for the white matter and shows
restricted diffusion. The changes are more pronounced on dif-
fusion weighted imaging (DWI) rather than T2W/FLAIR se-
quences. Unlike changes in IEM, the imaging features are
patchy and could be asymmetric.

Distinctive pattern of white-matter involvement is notewor-
thy and resembles the common periventricular leucomalacia
(PVL). Unlike PVL, the cerebral white matter abnormalities
extend into the subcortical white-matter and involve entire
fiber tracts, such as corpus callosum, optic radiation, as well
as gray matter regions, e.g., posterior thalamus [1, 3].
Pathophysiology most likely involves activation of microglia,
resulting, at least in part, from activation of the intracellular
toll-like receptors (TLRs) 7 and 8 by the ssRNAwhich are the
mediators of the innate immune response [1].

Neuro-developmental outcome of neonatal rotaviral en-
cephalitis correlates with extent of white matter involvement
on MRI. Extensive involvement can result in cerebral palsy
with epilepsy and intellectual disability. Almost 50% of them
have normal outcome despite suppression burst pattern and
widespread involvement of white matter.
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Fig. 1 MRI of the brain, axial
section (diffusion weighted
images) showing areas of white
matter restriction (bright signal
open black arrows) bilaterally at
different levels (a-f). The
involvement is patchy and
perfectly symmetrical. There is
involvement of both
periventricular and subcortical
white matter

Table 1 Salient features of 3 cases with neonatal rotaviral encephalitis

Case Age at presentation Duration of illness Clinical features CSF cells MRI at presentation MRI and development
at 12 mo

1 Day 5 5 d Seizures, altered sensorium 8 DWI WM restriction Normal

2 Day 7 6 d Seizures, increased frequency of stools 6 DWI WM restriction Normal

3 Day 8 7 d Seizures, lethargy, loose stools in mother 10 DWI WM restriction Mild spasticity in legs

DWI Diffusion weighted image; WMWhite matter; CSF Cerebrospinal fluid; MRI Magnetic resonance imaging
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Introduction
Wound healing is a natural curative 
response to tissue injury. Healing 
consists of a series of cellular events 
that promotes resurfacing, reconstitution, 
and restoration of the tensile strength of 
wounded skin.[1] Healing is an organized 
process, generally explained in terms of 
four overlapping characteristic phases: 
hemostasis, inflammation, proliferation, 
and maturation.[2] During hemostasis, 
platelets play a crucial role in clot 
formation. Debridement of injured tissue 
takes place during the inflammatory phase 
by inflammatory cells. Epithelialization, 
angiogenesis, and fibroplasia occur during 
the proliferative phase. In the meantime, 
granulation tissue forms and the wound 
begins to contract. Eventually, during the 
maturation phase, collagen forms tight 
cross‑links with each other and with protein 
molecules, increasing the strength of the 
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Abstract
Context and Aim: Probiotics have been documented with various pleotropic effects other than 
improving general gut health, but the potential benefits of strain‑specific Lactobacillus on wound 
healing are unknown. Hence, the objective of the study is to evaluate and compare the wound 
healing property of Lactobacillus acidophilus and Lactobacillus plantarum on various wound models 
in male Wistar rats. Subjects and Methods: Excision wound, resutured incision wound, and dead 
space wounds were inflicted under light thiopentone anesthesia in male Wistar rats (n = 6, in each 
group). The rats received one of the Lactobacillus orally as per their weight for a period of 10 days 
in resutured incision (assessed by wound breaking strength) and dead space wounds (granuloma 
dry weight, histopathology of granulation tissue, and biochemical hydroxyproline estimation), 
whereas in excision wounds, treatment was monitored by planimetry. Data were expressed as 
mean ± standard error of mean and analyzed by ANOVA followed by Tukey’s multiple post hoc 
test. P < 0.05 was considered as statistically significant. Results: L. acidophilus showed a significant 
difference (P < 0.05) in all the three models, namely, enhanced wound contraction and decreased 
days for complete epithelization in excision wound; increased breaking strength in resutured incision 
wound; increased granuloma dry weight and cellular infiltration in granulation tissue with marked 
increase in collagen content indicating wound healing. Conclusions: The study suggests that the 
wound healing activity of L. acidophilus if could be extrapolated to clinical situations may decrease 
dosage and duration of treatment and can be a potential adjuvant to reduce hospitalization with 
efficient recovery after injury and sustained good health.

Keywords: Dead space wound, excision wound, Lactobacillus acidophilus, Lactobacillus 
plantarum, resutured incision wound

Influence of Lactobacillus acidophilus and Lactobacillus plantarum on 
wound healing in male Wistar rats ‑ an experimental study

Original Article

Anupama M 
Gudadappanavar, 
Prashant R 
Hombal1, 
Somling S 
Timashetti, 
S B Javali2

Departments of Pharmacology, 
and 1General Surgery, 
J N Medical College, KLE 
University, 2Department of 
Community Medicine (Statistics), 
USM‑KLE International 
Medical Programme, Belagavi, 
Karnataka, India

scar.[1] The injuries destroy the physical skin 
barrier that usually prevents the invasion of 
microorganisms and consequently provides 
novel sites for bacterial colonization, 
infection, and clinical sepsis. Delayed 
healing may result in loss of function or 
poor cosmetic outcome.[3] It is proved that 
healing environment may be manipulated 
to enhance or to accelerate the healing 
process.

Probiotics are defined as “live 
microorganisms which when administered 
in adequate amount confer a health benefit 
to the host.”[4] Probiotics have been 
reviewed extensively for years mainly on 
improving general gut health. There are 
increasing evidences to suggest that the 
functioning of the immune system can be 
modulated by bacteria in the gut at both 
systemic and mucosal level.[5] Probiotics 
have been documented to show various 
pleiotropic effects such as lowering blood 
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cholesterol levels, antihypertensive effects, providing 
therapeutic benefit in inflammatory bowel disease and 
Helicobacter pylori infection, reduce allergic reactions, 
prevent dental caries, reduce risks of cancers, and exhibit 
immunomodulatory effects which are health‑promoting 
effects, beyond gut well‑being.[5‑7] Various new mechanisms 
by which probiotics exert their beneficial effects have 
been acknowledged and it is now clear that significant 
differences exist between different probiotic species and 
strains leading to the selection of organisms in a more 
rational manner to treat a specific disease.[5]

Recently, a new concept “gut–brain–skin axis” hypothesis, 
as proposed by Arck et al.[8] suggested that modulation 
of the microbiome by consumption of probiotics can 
exert profound beneficial effects, for example, on skin 
inflammation and skin homeostasis. Even few increasing 
evidences said that host immune response can be elicited 
by bacterial compounds such as cell wall fragments, their 
metabolites, and dead bacteria followed by improvement 
in skin’s barrier function. This concept is supported by 
some evidence revealing that peptide‑containing cells in 
skin, brain, and gut are connected by a common embryonic 
origin.[4] Furthermore, the comorbidity of inflammatory 
bowel and skin diseases may strengthen the link between 
the gut and skin.[5] A study provided a historical perspective 
to the current investigations and clinical implications of the 
gut‑brain‑skin connection in acne.[9] Stokes and Pillsbury 
hypothesized that Lactobacillus acidophilus cultures 
can act as remedy in stress‑induced alteration of normal 
intestinal microflora, increased intestinal permeability, and 
systemic inflammation.[10]

Few experimental studies explained that lactic acid bacteria 
have increased the number of T‑lymphocytes, CD4+ cells, 
and antibodies and have increased the secretion of 
immunoglobulin A, phagocytosis, and respiratory 
macrophages, as immediate response. They also stimulated 
the lymphocyte proliferation, the  natural killer  cell activity, 
the production of interleukins (ILs), interferon (IFN), and 
tumor necrosis factors (TNFs).[11] Cytokines have emerged 
as an important mediators of wound‑healing events. 
Research work done to assess the immunomodulatory 
effect of Lactobacillus species on the cytokine profiles 
and proliferative response of human peripheral blood 
mononuclear cells concluded that all Lactobacillus strains 
tested were capable of inducing the production of IL‑1b, 
IL‑10, IFN‑α, and TNF‑α.[12] These cytokines are necessary 
to stimulate angiogenesis, act as mitogen for fibroblasts, 
and promote synthesis of collagen.[1,2]

The association of symbiotic gut organisms with various 
physiological and disease processes has been the focus 
of intense research over recent years. Increasing demand 
for probiotic usage further boosts the urge to understand 
the role of these bacteria on cutaneous wound healing. 
Lactobacillus plantarum and L. acidophilus are the most 

predominant Lactobacillus species in the gut, and several 
strains of these species are considered as probiotics. There 
is no much data available on the comparative wound 
healing capacities of these two organisms. Hence, our aim 
is to study the effect of L. plantarum and L. acidophilus 
on various cutaneous wound models, namely, resutured 
incision, excision, and dead space wounds in male Wistar 
rats.

Subjects and Methods
Source of data

Animals

Healthy male Wistar rats weighing 150–200 g procured 
from central animal research facility of the institute 
were housed individually under standard environmental 
conditions, fed with pellet rodent diet and water ad libitum 
and were allowed to acclimatize for a week. The study 
was approved by Institutional Animal Ethics Committee. 
The animals were starved overnight before the day of 
experimentation and divided into control and treatment 
groups (n = 6) for each wound model. All the wounding 
procedures were carried out under thiopentone anesthesia 
with aseptic precautions. Experiments were conducted 
according to the Committee for the Purpose of Control and 
Supervision of Experiments on Animals guidelines for use 
and care of experimental animals.[13]

The drugs required for this experiment were obtained from 
pharmaceutical companies. The test drugs were administered 
orally in their therapeutic equivalent doses (1 × 106 colony 
forming units [CFU]/g) as calculated with the help of 
conversion table devised by Paget’s and Barnes.[14] Drugs 
were administered once in 24 h for 10 days, to study their 
effect on dead space wound and resutured incision wound 
healing, while they were administered once in 24 h till 
complete closure of excision wound.

Wound models

• Wound models were prepared through following 
procedure:[15‑18] Excision wounds were made by excising 
the full thickness circular skin approximately 2.5 cm 
diameter (approximately 500 mm2) from the nape of 
the neck and animals were placed in individual cages. 
Wound healing was assessed by tracing the raw wound 
margin on polythene paper to determine the area on 
wounding day, followed by 4th, 8th, 12th, 16th day and 
subsequently on every alternate day till complete closure 
of wound (falling of the scab without any raw area). 
Similarly, scars were traced on complete epithelization 
to assess wound contraction by noting scar size and 
shape. The wound healing was expressed as percentage 
closure of the original wound area (on day 0) (percentage 
closure = 1−Ad/A0 × 100 [Ad is wound area on 
corresponding days and A0 is wound area on day zero])

• Resutured incision wounds were inflicted by silk 
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sutures 1 cm apart on two 6 cm long paravertebral 
parallel incisions under anesthesia. Sutures were 
removed on the 8th day, and breaking strength of 
the wounds was measured on the 11th day by using 
continuous water flow technique. The breaking 
strength was expressed as the minimum weight of 
water necessary to bring about gaping of the wound. 
Three readings were taken on each wound, and the 
mean of six such readings in each animal was used 
for statistical analysis. Subsequently, animals were 
sacrificed by overdose of an anesthesia

• Dead space wounds were inflicted by implanting 
sterile cotton pellets (10 mg) and cylindrical grass 
piths (25 mm × 3 mm) subcutaneously in the groin and 
axilla randomly. The granulation tissues were dissected 
out after sacrificing the animal on the 11th day and 
were dried at 60°C overnight to record the constant dry 
weight, expressed as mg/100 g body weight. One of 
the granulation tissues over the grass piths was opened 
and trimmed to a rectangular piece for estimation of 
hydroxyproline content colorimetrically. The other 
granulation tissues grown on the grass pith were preserved 
in 10% formalin for histopathological studies to evaluate 
the effect of Lactobacillus on collagen formation.

Statistical analysis

Data were expressed in terms of mean and standard 
error of mean. The one‑way ANOVA was applied to find 
out the comparison of three study groups followed by 
Tukey’s multiple post hoc procedure used for pairwise 
comparison. The dependent t‑test was performed to find 
out the significance between the time points. Analysis was 
done by using  SPSS 20.00 version (IBM). The statistical 
significance was set at 5% level of significance (P < 0.05).

Results
The mean percentage closure of excision wound is 
significantly higher in L. acidophilus group as compared 
to L. plantarum and control at day 4, 8, 12, 16, and 
18 (P < 0.05).

Similarly, there is no significant difference between control 
group as compared to L. plantarum with mean percentage 
closure of excision wound at each time point (P > 0.05) 
[Table 1 and Figure 1].

Further, the comparison of three treatment groups with 
respect to change in mean percentage closure of excision 
wound from day 4 to day 8, day 4 to day 16, and day 4 to 
day 18 showed significant difference (P < 0.05) and day 4 to 
day 12 failed to show the significant difference (P > 0.05) 
[Table 2 and Figure 2].

Similarly, the mean time complete epithelization is 
significantly smaller in L. acidophilus as compared to 
control and L. plantarum (P < 0.001). However, the mean 
scar area showed similar findings. When groups were 
compared, the control and L. plantarum groups showed 
no significant difference (P > 0.05). L. acidophilus group 
showed significant and higher wound breaking strength, 
granuloma dry weight, and hydroxyproline content as 
compared to L. plantarum and control (P < 0.001), 
but when L. plantarum is compared with control, 
no significant difference was found (P > 0.05) 
[Table 3 and Figure 3].

Figure 1: Comparison of three groups (control, Lactobacillus acidophilus, 
and Lactobacillus plantarum) with respect to percentage closure of excision 
wounds at day 4, day 8, day 12, day 16, and day 18

Table 1: Comparison of three groups (control, Lactobacillus acidophilus, and Lactobacillus plantarum) with respect to 
percentage closure of excision wounds at day 4, day 8, day 12, day 16, and day 18

Groups Mean±SEM
Day 4 Day 8 Day 12 Day 16 Day 18

Control 18.57±1.86 52.50±2.88 80.75±2.88 87.12±1.34 93.30±1.52
LA 35.25±0.85 61.52±2.41 96.60±1.01 99.33±0.45 100.0±0.00
LP 21.63±0.47 54.95±1.45 86.50±1.43 90.15±0.91 94.82±0.66
F 53.8400 4.0271 16.9758 42.8556 13.5821
P 0.0001* 0.0398* 0.0001* 0.0001* 0.0004*

Pair-wise comparisons by Tukey’s multiple post hoc procedures
Control versus LA P=0.0002* P=0.0379* P=0.0003* P=0.0002* P=0.0006*
Control versus LP P=0.2060 P=0.7409 P=0.1262 P=0.1024 P=0.5141
LA versus LP P=0.0002* P=0.1469 P=0.0062* P=0.0002* P=0.0044*
*P<0.05, F‑ANOVA test. LA: Lactobacillus acidophilus; LP: Lactobacillus plantarum; SEM: Standard error of mean 
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The microscopic study of section of granulation tissue (dead 
space wound) was carried out arbitrarily quantifying 
the amount of granulation tissue and collagen content 
in different groups. There was increase in granulation 
tissue, with increased cell infiltration with lymphocytes, 
macrophages, and moderate increase in collagen content 
corroborating increase in granuloma dry weight and 
hydroxyproline content in L. acidophilus‑treated group as 
compared to that of control indicating wound healing.

Discussion
Wound healing is said to be complete only when the 
disrupted surfaces are firmly knit by collagen; there 
is obliteration of dead spaces and the functions have 
been restored to normal.[2] In the present study, wound 
healing properties of L. acidophilus and L. plantarum 
were analyzed and the results clearly indicate that 
L. acidophilus significantly (P < 0.05) enhanced wound 
healing in all the three cutaneous wound models and 
supports the popular long‑standing medical traditions of 

consuming food‑grade organism in fermented beverages 
and active yogurt.

Various medical approaches and therapeutic interventions 
can affect the different phases involved in the wound 
healing cascade. The comparison of three treatment 
groups with respect to change in mean percentage closure 
of excision wound from day 4 to day 8, 12, 16, and 18 
showed significant difference (P < 0.05) indicate that 
Lactobacillus has accelerated the normal healing cascade 
with an orderly process of hemostasis and fibrin deposition 
which leads to an inflammatory cell cascade, characterized 
by neutrophils, macrophages, and lymphocytes within the 
tissue[19] (histopathological reports) which is then followed 
by proliferation of fibroblasts and collagen deposition; 
finally, remodeling by collagen cross‑linking and scar 
maturation.[20]

The present study showed that the mean percentage closure 
of excision wound was significantly more (P < 0.05) in the 

Figure 2: Comparison of three groups (control, Lactobacillus acidophilus, 
and Lactobacillus plantarum) with respect to changes in percentage closure 
of excision wounds from day 4 to day 8, day 12, day 16, and day 18

Figure 3: Comparison of three groups (control, Lactobacillus acidophilus, 
and Lactobacillus plantarum) with respect to time for complete 
epithelization (days), scar area (mm2) on complete epithelization, wound 
breaking strength, granuloma dry weight (mg%), and hydroxyproline 
content (mcg/300 mg) scores

Table 2: Comparison of three groups (control, Lactobacillus acidophilus, and Lactobacillus plantarum) with respect to 
changes in percentage closure of excision wounds from day4 to day 8, day 12, day 16, and day 18

Groups Mean±SEM
Day 4-8 Day 4-12 Day 4-16 Day 4-18

Control 33.93±2.71 62.18±2.93 68.55±1.26 74.73±1.78
LA 26.27±1.83 61.35±0.99 64.08±0.98 64.75±0.85
LP 33.32±1.41 64.87±1.88 68.52±1.20 73.18±0.96
Percentage of change in control 182.76, P=0.0001# 334.92*, P=0.0001# 369.21*, P=0.0001# 402.51*, P=0.0001#

Percentage of change in LA 74.52*, P=0.0001# 174.04*, P=0.0001# 181.80*, P=0.0001# 183.69*, P=0.0001#

Percentage of change in LP 154.01*, P=0.0001# 299.85*, P=0.0001# 316.72*, P=0.0001# 338.29*, P=0.0001#

F 4.2868 0.7725 4.9537 18.0286
P 0.0337* 0.4794 0.0223* 0.0001*

Pair-wise comparisons by Tukey’s multiple post hoc procedures
Control versus LA P=0.0467* P=0.9574 P=0.0385* P=0.0003*
Control versus LP P=0.9757 P=0.6441 P=0.9998 P=0.6691
LA versus LP P=0.0694 P=0.4773 P=0.0400* P=0.0009*
*P<0.05, #Applied paired t‑test and F‑ANOVA test. LA: Lactobacillus acidophilus; LP: Lactobacillus plantarum; 
SEM: Standard error of mean 
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L. acidophilus treatment group as observed on 4th, 8th, 12th, 
16th, and 18th postwound day; we also noticed that there is 
significant decrease in mean scar area (34.17 ± 0.70) and 
mean epithelization time (16.67 ± 0.42) with P < 0.001 as 
L. acidophilus may regulate host inflammatory responses 
and serve to minimize collateral tissue injury. This rapid 
wound healing attribute of L. acidophilus was not a generic 
feature of consuming any bacterium, as similar dosage 
levels of another bacteria L. plantarum did not significantly 
impact the wound healing process.

The L. acidophilus group showed stellate shaped scars 
compared to oval shaped in control group, which could 
be explained on the basis of increased wound contraction 
due to enhanced granulation tissue formation as observed 
in dead space wound model. Wound contraction depends 
on the myofibroblast located at wound margins, its 
connection to components of the extracellular matrix, and 
myofibroblast proliferation.[1] The wound healing activity 
of L. acidophilus treatment group was also confirmed by 
comparatively increased granuloma formation (dry weight 
of cotton pellet), and the presence of collagen was 
estimated by hydroxyproline content with mean value 
(10.38 ± 0.44) showing significant result (P < 0.001). 
Collagen is an important component in all phases of wound 
healing. Synthesized by fibroblasts, they give integrity and 
strength to all tissues and play a major role, especially 
in the proliferative and remodeling phases of repair;[19,21] 
which was further corroborated by histopathological study 
of granulation tissue.

The objective of the present study was not planned to 
probe into the wound healing mechanism of Lactobacillus 
(probiotics) but to know the exact type of lactic acid 
bacteria responsible for the beneficial of wound healing. 
Based on earlier reports, it could be hypothesized that 
L. acidophilus has multiple diverse influence on host 
and can modulate humoral, cellular, and nonspecific 
immunity.[6] It is difficult to say how exactly immune 
system recognize and respond to a Gram‑positive 

bacteria (Lactobacillus). Previous study done on 
burn wound showed that L. acidophilus can influence 
antibacterial activity by secreting antimicrobial peptides, 
inhibit bacterial invasion, can block bacterial adhesion to 
epithelial cells which is proved to be beneficial in burn 
wound cases to reduce complications.[22]

Lew et al. explained in a review article that Lactobacillus 
metabolize carbohydrates to produce lactic acid as 
predominant end products (50%–85%) which modulate 
growth factors and will trigger proliferative phase and also 
help in the remodeling of epidermal and dermal cells.[4] 
Although L. plantarum in previous study[23] showed marked 
increase of scab tissue and accelerated healing process 
from granulation formation to epithelization, in the present 
study, it failed to produce similar effect (P > 0.05) which 
appears to be controversial and need further investigations 
in this regard.

We now report an improvement of skin homeostasis by 
oral administration of Lactobacillus in an experimental 
wound model. This provides a clue on the existence 
of gut‑brain‑skin axis through which the alteration of 
gastrointestinal microbiota would work toward cutaneous 
wound healing. This concept of gut‑brain‑skin is supported 
by few published articles such as the stress‑induced 
premature termination of active hair growth, and hair 
follicle regression on skin is significantly counteracted 
by treatment with Lactobacillus.[24,25] This concept of 
probiotics may reduce the dose, frequency, or duration of 
each treatment.

The above observations raise the interesting prospect that 
feeding of just right kind of bacteria may exert profound 
beneficial effect on skin homeostasis, skin inflammation, 
and wound healing. We provide experimental evidence 
to support long‑standing medical tradition of consuming 
food‑grade organisms which can give potential to check 
harmful bacteria and virus and reduce hospitalization 
without any harmful effects.

Table 3: Comparison of three groups (control, Lactobacillus acidophilus, and Lactobacillus plantarum) with respect 
to time for complete epithelization (days), scar area (mm2) on complete epithelization, wound breaking strength, 

granuloma dry weight (mg%) and hydroxyproline content (mcg/300 mg) scores
Groups Mean±SEM

Time for complete 
epithelization (days)

Scar area (mm2) on 
complete epithelization

Wound breaking 
strength

Granuloma dry 
weight (mg%)

Hydroxyproline 
content (mcg/300 mg)

Control 20.33±0.56 41.83±1.54 185.67±6.40 32.52±1.20 5.92±0.41
LA 16.67±0.42 34.17±0.70 284.33±7.82 47.71±2.30 10.38±0.44
LP 20.00±0.45 40.33±0.95 200.17±8.32 30.35±1.08 5.46±0.40
F 17.9032 13.1490 49.7015 33.9600 42.5467
P 0.0001* 0.0005* 0.0001* 0.0001* 0.0001*

Pair-wise comparisons by Tukey’s multiple post hoc procedures
Control versus LA P=0.0003* P=0.0007* P=0.0002* P=0.0002* P=0.0002*
Control versus LP P=0.8763 P=0.6204 P=0.3874 P=0.6207 P=0.7216
LA versus LP P=0.0006* P=0.0040* P=0.0002* P=0.0002* P=0.0002*
*P<0.05, F‑ANOVA test. LA: Lactobacillus acidophilus; LP: Lactobacillus plantarum; SEM: Standard error of mean
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Conclusion
The present study revealed that L. acidophilus promotes 
wound healing and may support the hypothesis for the 
relationship between gut‑brain‑skin axis. If could be 
extrapolated to clinical situation, L. acidophilus can be a 
potential adjuvant to reduce hospitalization with efficient 
recovery after injury and sustained good health.
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Granulosis Rubra Nasi (GRN) is a rare disorder of the eccrine glands. It is clinically characterized by hyperhidrosis of the central
part of the face, most commonly on the tip of the nose, followed by appearance of diffuse erythema over the nose, cheeks, chin,
and upper lip. It is commonly seen in childhood but it can present in adults. Here we report a case of GRN in an adult patient with
very unusual histopathological presentation.

1. Introduction

Granulosis Rubra Nasi (GRN) is also known as “Acne
papulo-rosacea of the nose.”. In 1901, a German dermatol-
ogist, Jadassohn, had described the first case of GRN as
“Nasi hyperhidrotic Erythematosa micropapules Dermatosis
Infantum” [1]. It is an inflammatory dermatosis involving
eccrine sweat glands of central face and clinically presents
with hyperhidrosis, erythema, papules, pustules, and vesicles.
Rarely small comedo like lesions may be present [2].

It is usually limited to the front and sides of the nose. It
may also affect the eyebrow, upper lip, and cheek. Presenta-
tion is common in childhood with a peak age of presentation
at 7–12 years, but adolescent and adult onset is also possible.
It has a chronic course and resolves at puberty without any
sequelae. It is described as a focal form of hyperhidrosis
which differs from the other forms, as it does not depend on
the hypothalamic or emotional stimuli [3].

2. Case Report

A 33-year-old male patient presented with asymptomatic
lesion over nose since 2 years to the outpatient department
of dermatology and leprosy. The patient gave no history of
any treatment taken before. There was no history of any fluid
or cheesymaterial coming out of the lesions and no history of

itching or burning (Figure 1). Clinically, we made a diagnosis
of Granulosis Rubra Nasi, Lymphangioma Circumscriptum,
Nevus Comedonicus, and sebaceous gland hyperplasia.

A biopsy of the skin lesion was done. The histopathol-
ogy report showed epidermal hyperplasia with spongiosis.
Dermis shows dilated eccrine sweat glands.The infundibular
and sebaceous ducts are plugged with stratum corneum and
villous hair follicles. There is moderately peri-infundibular
infiltrate of lymphocytes and plasma cells. Papillary dermis
shows dilated capillaries with extravasation of hemosiderin
(Figure 2).

The patient has been treated with topical tacrolimus
0.03% and systemic corticosteroids. After 15 days of follow-
up, the patient has shown good response (Figure 3).

3. Discussion

This is a chronic, benign condition of unknown etiology [2,
4]. It is rare with autosomal dominant or autosomal recessive
pattern of inheritance. The gene locus remains unidentified
[5]. Persistent localized hyperhidrosis of central face is the
main cause for this condition [6]. GRN usually starts in early
childhood and resolves spontaneously at puberty, but rarely it
may persist [7] Males are most commonly affected. 6 out of 7
patients described by Jadassohn were boys [1].This condition
is usually asymptomatic except for mild pruritus.
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Figure 1: Multiple hyperpigmented papules and some vesicles
present over the right side of the nose.

Figure 2: Histopathology: epidermal hyperplasia with spongiosis.
Dermis shows villous hair follicle with sebaceous gland hyperplasia
with peri-infundibular infiltrate of lymphocytes and plasma cells
with dilated capillaries and extravasation of hemosiderin.

Hyperhidrosis is the initial conspicuous feature of GRN
which tends to worsen in summer. Excessive sweating may
precede other changes by several years. Small beads of sweat
can be seen at the tip of the nose. As a result of persistent
hyperhidrosis, diffuse erythema develops over the tip of the
nose. Erythema may gradually extend to involve upper lip,
cheeks, and chin with sweat droplets studded over, giving
glistening appearance. Small erythematous macules, papules,
vesicles, or pustules lesions can also be seen [2, 8]. These
lesions disappear on diascopy and reappear on relieving
pressure [2].

The pathogenesis is unknown. It is an inflammatory
dermatosis involving eccrine sweat glands of central face
involving nose, cheeks, or chin, representing a unique sweat
retention form [2]. Some authors have suggested a defect
in vasomotor and secretory functions of the nose. Presence
of significant increase in sweating on the nose and central

Figure 3: Three weeks after treatment with topical tacrolimus.

face appears to be responsible for the secondary changes like
erythema and erythematous papules [9].

The differential diagnosis like rosacea or perioral der-
matitis can be considered. But, in rosacea, there is erythema
over nose and cheeks along with telangiectasias but there
is no hyperhidrosis of the central part of the face. Perioral
dermatitis can present with erythema, small monomorphic
papules, and pustules with or without scaling involving the
perioral area without hyperhidrosis. Other differential diag-
noses include acne vulgaris, lupus pernio, lupus erythemato-
sus, lupus vulgaris, leishmaniasis, actinic keratosis or skin
cancer, miliaria crystallina, and hidrocystoma [2, 4, 10]. Acne
vulgaris presents with comedones, papules, and pustules
without hyperhidrosis and telangiectasia. Lupus pernio or
chilblain lupus presents with dusky papules and plaques on
the nose, toes, and fingers. Lupus erythematosus has history
of photosensitivity. In acute lupus erythematosus, there is a
malar rash with mouth ulcers but there is no hyperhidrosis.
Miliaria crystallina presents with vesicles mainly over the
areas occluded by clothes.

Association with primary palmoplantar hyperhidrosis,
acrocyanosis, and poor peripheral circulation was observed.
Kumar et al. had reported an associationwith another eccrine
gland disorder, hidrocystoma [8]. Heid et al. had reported
an association with rhinorrhea [11]. Heid et al. reported
pheochromocytoma with GRN in a 19-year-old woman who
showed regression of hyperhidrosis and the nasal dermatosis
after surgical removal of the tumor [11]. Barber had suggested
involvement of adenoids, which can provide a source of
irritation at the tip of the nose [12]. Topical indomethacin,
drying lotions like calamine, tetracycline, cryotherapy, andX-
rays (temporary benefit) have been described in the treatment
of GRN [13]. Recently, use of botulinum toxin A that induced
long-term remission in a patient with GRN was described by
Grazziotin et al. [14]; botulinum toxin A improves GRN by
decreasing hyperhidrosis.

Granulosis Rubra Nasi presents with three stages: initial
hyperhidrosis followed by erythema and papular lesions and
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late vesicular stage. Our patient presented with late vesicular
stage, so topical tacrolimus 0.03% was advised with good
clinical response. There are no complications associated with
the condition and the disease has excellent prognosis with
self-resolution. Systemic corticosteroids help by reducing
the inflammatory infiltrate around sweat glands. Topical
tacrolimus has been used in low dose, 0.03%, with excellent
response [8].

The diagnosis is usually clinical. Histology shows dilation
of dermal blood vessels and lymphatics with perivascular
lymphocytic infiltration and dilation of sweat ducts. Eccrine
hidrocystoma also shows dilatation of sweat glands with
solitary or multiple cysts lined by a double layer of cuboidal
cells on histology, but dilatation of dermal vessels and
perivascular mononuclear infiltrate is not seen [4, 10].

4. Conclusion

GRN is a rare disorder. One should remember that it could be
a complication of hyperhidrosis. Treatment is symptomatic
and cosmetic. Counseling the patients about the self-limiting
nature of the condition is of paramount importance. To the
best of our knowledge, there are not any case reports showing
GRN with sebaceous gland hyperplasia.
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Abstract

Research Article

IntroductIon

Sodium‑related disorders (both hyponatremia and 
hypernatremia) are extremely common and are associated 
with considerable morbidity and mortality.[1] Hyponatremia 
is the most common electrolyte disorder, reported in up to 
6% of hospitalized patients. Mild hyponatremia (plasma 
sodium 125–135 mmol/l) is found in as many as 15%–30% 
of hospitalized patients, with an average of about 25% 
of Intensive Care Unit (ICU) patients experiencing this 
disorder.[2] Moderate‑to‑severe hyponatremia, especially 
which is rapid in onset, is associated with considerable 
morbidity and mortality. Despite the awareness on 
hyponatremia since long time, this common disorder remains 
an enigma due to its association with a plethora of underlying 
disease states and its multiple etiologies with different 
pathophysiological mechanisms.[3]

Hyponatremia, which is defined as the plasma sodium 
concentration of <135 mEq/L, occurs primarily due to 
imbalance in water homeostasis, antidiuretic hormone (ADH) 
regulation, and renal handling of filtered sodium. Syndrome 
of inappropriate ADH secretion (SIADH), a common cause 
of hyponatremia, is associated with many clinical conditions. 
These include neoplasia, central nervous system (CNS) 
disorders, drugs and pulmonary diseases.[3]

Tuberculosis (TB), one of the common illnesses in 
developing countries like India, can present with various 
clinical manifestations including nonspecific symptoms 

Background and Aims: Hyponatremia is the predominant electrolyte abnormality with an incidence rate of approximately 22%. It is the leading 
cause of morbidity and mortality with scarce data in Indian intensive care settings. The aim of this study is to evaluate the clinical features and 
etiology of hyponatremia in patients admitted to an Intensive Care Unit (ICU) of a tertiary care hospital. Materials and Methods: A 1‑year 
prospective cross‑sectional observational study was conducted, including 100 adult patients with moderate‑to‑severe hyponatremia admitted 
to the Medical ICU. Patients underwent investigations such as serum creatinine, blood urea nitrogen, serum osmolality, serum sodium, urine 
sodium, and urine osmolality, sputum culture, cerebrospinal fluid analysis, and neuroimaging. Data were analyzed using independent sample 
t‑test, Chi‑square test, and Fisher’s exact test. Results: Vomiting (28) followed by confusion (26) was the most common complaint. Syndrome 
of inappropriate antidiuretic hormone secretion (SIADH) (46) was the most common etiology for hyponatremia, and euvolemic hypoosmolar 
hyponatremia (50) was the most common type of hyponatremia. Confusion was significantly high in patients with severe hyponatremia 
as compared to patients with moderate hyponatremia (22 vs. 4, P < 0.001). In majority of the patients (46), SIADH was the main cause of 
euvolemic type of hyponatremia (P < 0.001). Increased urine sodium levels were observed in patients with SIADH (46), renal dysfunction (12), 
and drug‑induced etiology (8, P < 0.001). Conclusion: Patients with hyponatremia secondary to an infectious cause should be meticulously 
screened for tuberculosis. The timely and effective treatment of hyponatremia is determined by the effective understanding of pathophysiology 
and associated risk factors of hyponatremia.

Keywords: Hyponatremia, moderate and severe hyponatremia, serum sodium, syndrome of inappropriate antidiuretic hormone secretion, 
tuberculosis
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of hyponatremia. TB can induce hyponatremia via several 
mechanisms such as local invasion to the adrenal gland (leading 
to adrenal insufficiency), local invasion of hypothalamus or 
pituitary gland, tubercular meningitis, and inappropriate ADH 
secretion through pulmonary infections.

Timely diagnosis and treatment are the key to improved 
neurological status and reduced hospital stay. Determining 
the cause of hyponatremia is challenging in clinical practice. 
The clinical presentation of severe hyponatremia ranges from 
mild, nonspecific symptoms, such as nausea, headache, and 
lethargy, to severe neurological symptoms such as seizure and 
coma. The data available on clinical presentation and etiology 
are scarce in ICU settings, especially in those patients who 
develop moderate‑to‑severe hyponatremia. Hence, the present 
study was undertaken to assess the clinical profile and etiology 
of clinically significant hyponatremia, not only to aid in the 
treatment of patients but also to prevent further morbidity 
and mortality.

MaterIals and Methods

Sampling and study design
The present 1‑year cross‑sectional observational study 
included 100 adult patients with moderate‑to‑severe 
hyponatremia admitted to the Medical ICU (MICU) was 
conducted at the Department of Medicine from January 
2014 to December 2014. Patients aged ≥18 years with 
moderate‑to‑severe hyponatremia (≤125 mmol/L) admitted to 
the MICU were included in the study. The exclusion criteria 
comprised of cases with hyperglycemia, hyperlipidemia, 
and paraproteinemia. Ethical clearance was obtained from 
the Institutional Ethical Committee and after explaining the 
purpose of the study. Written consent from all the participants 
was obtained before data collection.

Instrumentation
Demographic data, including age and sex, were obtained from 
the patients. A history of other comorbid conditions along with 
presenting complaints was noted. Further, these patients were 
subjected to a physical examination for evaluating the clinical 
signs. The patients underwent the investigations including, 
complete blood count, random blood sugar, liver function tests, 
renal function tests, serum osmolality, urine osmolality, serum 
sodium, and urine sodium. Other investigations such as sputum 
culture, cerebrospinal fluid analysis, and neuroimaging were 
conducted wherever indicated. Based on the investigations, 
the type of hyponatremia was determined as euvolemic 
hypoosmolar, hypervolemia hypoosmolar, and hypovolemic 
hypoosmolar. Following this categorization, the etiology was 
determined and evaluated in different types of hyponatremia.

Statistics and data analysis
Before commencement of the study, ethical clearance was 
obtained from the Institutional Ethical Committee. After 
explaining the purpose of the study, written consent was 
obtained from the patients before data collection. Data were 

recorded in a predesigned and pretested pro forma. The data 
were coded and entered into Microsoft Excel Worksheet. 
The categorical data were expressed as rates, ratios, and 
proportions and the continuous data were expressed as 
mean ± standard deviation. The comparison of categorical 
data was performed using Chi‑square test and Fisher’s exact 
test and the comparison of continuous data was done using 
independent sample t‑test. P ≤ 0.05 at 95% confidence interval 
was considered as statistically significant.

results

In the present study of 100 patients with hyponatremia, 59% 
were men and 41% were women. The male to female ratio was 
1.43:1, of which most of the patients were aged between 61 
and 70 years (29%) with a mean age of 58.94 ± 16.10 years. 
The most frequent presenting complaint was vomiting (28%) 
followed by confusion (26%), seizure (9%), and coma (4%) 
as depicted in Figure 1.

The serum sodium levels were <120 mEq/L (severe 
hyponatremia) in 54% of the patients and 46% of the 
patients had serum sodium levels (moderate hyponatremia) 
between 120 and 125 mEq/L as shown in Figure 2. On 
the basis of hydration status, 50% of the patients were 
euvolemic while 33% and 17% of the patients were 
hypervolemic and hypovolemic, respectively. Further, 50% 
of the patients had euvolemic hypoosmolar hyponatremia, 
31% had hypervolemic hypoosmolar hyponatremia, 17% 
had hypovolemic hypoosmolar hyponatremia, and 2% had 
hypervolemic isoosmolar hyponatremia. When symptoms were 
correlated with severity, confusion was significantly high in 
patients with severe hyponatremia as compared to moderate 
hyponatremia (84.62 vs. 15.38%; P < 0.001). Other symptoms 
were correlated as shown in Table 1.

In our study of moderate‑to‑severe hyponatremia, CNS 
symptoms were predominant and were present among 61% 
of the patients. Of the 100 patients evaluated, 52% of the 
patients were conscious while 48% of the patients presented 
with altered sensorium. Among comorbid conditions, 
history of hypertension was present in 49% of the patients, 
whereas diabetes mellitus was noted among 29%. The 
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most common system involved was CNS (43%) followed 
by abdominal (21%), renal (15%), cardiovascular (12%), 
and respiratory (9%) systems. While analyzing the cause of 
hyponatremia, SIADH was found to be the most frequent 
cause of hyponatremia observed among 46% of the patients. 
The other causes are as depicted in Figure 3. Further, on 
evaluating the cause of SIADH, infections (56.52%) were the 
predominant cause followed by disorders of CNS (26.08%) 
and neoplasm (6.52%). However, the cause could not be 
determined in 10.8% of the patients.

The most common infectious etiology of SIADH was observed to 
be TB (57.7%) followed by viral meningoencephalitis (11.53%) 
and bacterial meningitis (11.53%). The most common 
form of TB among patients with SIADH was tubercular 
meningitis (46.67%). Tables 2‑4 depict the various etiologies 
of SIADH. In the present study, majority (94%) of the patients 
had an improved outcome and mortality was noted in 6% of 
the patients.

dIscussIon

Despite being a commonly observed electrolyte imbalance, 
hyponatremia is incompletely understood. Its association with a 
plethora of underlying disease states and its multiple etiologies 
with differing pathophysiological mechanisms makes diagnosis 
challenging.[4] Hyponatremia of moderate‑to‑severe type 
causes increased inpatient mortality.[5‑8] This study was as an 
attempt to describe the clinical profile and to find the etiology 
among patients with moderate‑to‑severe hyponatremia.

In our study, of 100 patients admitted with moderate‑to‑severe 
hyponatremia, slight male preponderance was observed. 
A similar gender distribution pattern was reported by Rahil 
et al. wherein 33 (62.3%) patients with hyponatremia were 
males and 20 (37.7%) were females.[9] In the present study, 
unlike many other studies, no association was found between 
gender and severity of hyponatremia (P = 0.642). The 
incidence of hyponatremia is higher in the elderly, owing to 
the impaired water and electrolyte homeostasis due to dietary 
and environmental variations.[4] In accordance with other 
reports,[2,5,10] in our study, hyponatremia was more prevalent 
among the elderly patients than in the younger patients.

Severe hyponatremia was more common than moderate 
hyponatremia. These findings were consistent with a study by 
Rahil et al.,[9] who studied the clinical presentation and etiology 

of moderate and severe hyponatremia in patients admitted to 
Hamad General Hospital in Doha from June 2007 to July 2008. 
Moderate‑to‑severe hyponatremia was reported in 53 patients, 
of which, moderate hyponatremia was observed in 31 (58.4%) 
patients, while severe hyponatremia was observed in 
22 (41.6%) patients.[9] Another study conducted by Chowdhury 
et al. among 70 patients, reported mild hyponatremia, moderate 
hyponatremia, and severe hyponatremia in 27.14%, 37.14%, 
and 35.72% of the patients, respectively.[11]

Symptoms of hyponatremia range from mild (nausea, 
headache, and lethargy) to severe (seizures and coma).[12] In 

Table 1: Association of clinical presentation with severe 
and moderate hyponatremia

Clinical 
presentation

Findings Hyponatremia P

Severe 
(<120 mEq/L), 

n (%)

Moderate 
(120‑125 mEq/L), 

n (%)
Vomiting Yes 16 (57.14) 12 (42.86) 0.824

No 38 (52.78) 34 (47.22)
Total 54 (54) 46 (46)

Confusion Yes 22 (84.62) 4 (15.38) <0.001
No 32 (43.24) 42 (56.76)
Total 54 (54) 46 (46)

Seizure Yes 3 (33.33) 6 (66.67) 0.170
No 51 (56.04) 40 (43.96)
Total 3 (33.33) 6 (66.67)

Coma Yes 4 (100) 0 0.081
No 50 (52.08) 46 (47.92)
Total 54 (54) 46 (46)

Table 2: Cause of syndrome of inappropriate antidiuretic 
hormone secretion in the study group

Cause Distribution (n=46)
Infection 26 (56.52)
Disorders of CNS 12 (26)
Idiopathic 5 (10.88)
Neoplasm 3 (6.52)
Total 46 (100)
CNS: Central nervous system
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[Downloaded free from http://www.ijccm.org on Thursday, February 1, 2018, IP: 117.204.216.168]



Babaliche, et al.: Clinical profile of hyponatremia in medical intensive care unit

Indian Journal of Critical Care Medicine ¦ Volume 21 ¦ Issue 12 ¦ December 2017822

our study, when symptoms were correlated with severity of 
hyponatremia, confusion was significantly high in patients with 
severe hyponatremia as compared to moderate hyponatremia. 
In a study by Patni et al. in Nagpur, Maharashtra, similar 
findings were reported with drowsiness as the most 
common symptom (51%), followed by vomiting (14%) and 
seizures (6%).[13]

In more than half of the study population, CNS symptoms 
were observed. Recently, a descriptive study by Rao et al.[14] 
in Bangalore, Karnataka, reported 76% of patients with CNS 
symptoms which was similar to our study. A study by Rahil 
et al. showed CNS involvement in 24.5% of the patients with 
symptoms that ranged from confusion to coma.[9] Similarly, 
in our study, majority of the patients had altered sensorium, 
which was more common with severe hyponatremia than 
moderate hyponatremia.

In the present study, nearly half of the study population had a 
history of hypertension, and nearly one‑third had a history of 
diabetes mellitus. Similar findings were reported in a study by 
Rao et al.[14] wherein hypertension and diabetes were the most 
common comorbid conditions in majority of the patients.[14] 
Hyponatremic hypertensive syndrome is a well‑known entity 
wherein the most common association is in patients with 
essential hypertension receiving diuretics, which interfere with 
the metabolism of a variety of electrolytes and cause electrolyte 
imbalance. Thiazide diuretics influence the sodium chloride 
cotransporter channel and also result in the nonosmotic release 
of vasopressin.[3]

The CNS is the most commonly involved system as observed 
in the present study as well as other studies with varying 

symptoms including headache, nausea, vomiting, muscle 
cramps, restlessness, lethargy, depressed reflexes, and 
disorientation. These symptoms are noticeable with a rapid 
or greater decrease in the serum sodium concentration, i.e., 
occurring within a span of few hours. Severe and rapidly 
developing hyponatremia results in complications including 
seizures, coma, permanent brain damage, respiratory arrest, 
brainstem herniation, and eventually death.[15]

Based on the hydration status, half of the study population 
was euvolemic while one‑third were hypervolemic followed 
by hypovolemic cases. Further, based on osmolality, most 
of the patients had euvolemic hypoosmolar hyponatremia, 
followed by hypervolemic hypoosmolar hyponatremia, 
hypovolemic hypoosmolar hyponatremia, and hypervolemic 
isoosmolar hyponatremia. A similar pattern was reported in 
a study by Rao et al. wherein euvolemia (61%) followed by 
fluid overload (23%) and dehydration (16%) was observed. 
Isovolemic hypoosmolar hyponatremia was the most 
frequently reported type of hyponatremia.[14]

In hypotonic hyponatremia, water enters the brain, resulting 
in cerebral edema. This leads to intracranial hypertension due 
to the confinement of the fluid within the cranium along with 
the risk of cranial injury. Eventually, the fluid leaves the brain 
tissues within hours, reducing fluid overload and swelling 
of the brain.[16,17] The feedback mechanism is efficient even 
in cases of asymptomatic nature of severe hyponatremia 
that develops slowly. Nevertheless, this adaptation also has 
the risk of osmotic demyelination.[18‑20] Severe aggressive 
treatment of hyponatremia including water restriction alone 
can result in severe osmotic demyelination.[21‑23] Shrinkage of 
the brain induces demyelination of pontine and extrapontine 
neurons, which may result in neurologic dysfunction, including 
quadriplegia, pseudobulbar palsy, seizures, coma, and even 
death. Hepatic failure, potassium depletion, and malnutrition 
increase the risk of this complication.[24]

Hyponatremia occurs either due to water retention or loss of 
effective solute (sodium plus potassium) in excess of water. 
The water excretion capacity is generally so high that the 
retention of water is usually due to the impaired renal excretion 
of water. An exception to this is primary polydipsia, wherein 
excessive water consumption can deteriorate even normal renal 
excretory capacity. Decreased secretion of the ADH – arginine 
vasopressin results in the effective excretion of any water load. 
Therefore, the presence of high‑serum ADH concentrations is 
indicative of hyponatremia and helps in the development and 
maintenance of hyponatremia.

Virtually, an excess of ADH concentration, usually caused by 
the SIADH or depletion of effective circulating volume, is 
the main cause of hyponatremia.[3,6] In spite of being the most 
usual etiological factor for hyponatremia in hospitalized elderly 
patients[7] as well as the most common cause of normovolemic 
hyponatremia, SIADH is generally diagnosed by exclusion of 
other causes, including diuretics, renal, liver, thyroid, adrenal, 
and pituitary diseases.[8]

Table 4: Profile of tuberculosis in patients with syndrome 
of inappropriate antidiuretic hormone secretion

Type of tuberculosis Distribution (n=15)
Tubercular meningitis 7 (46.67)
Pulmonary tuberculosis 4 (26.67)
Miliary tuberculosis 2 (13.33)
Tuberculoma 2 (13.33)
Total 15 (100)

Table 3: Infectious causes of syndrome of inappropriate 
antidiuretic hormone secretion in the study group

Cause Distribution (n=26)
Tuberculosis 15 (57.70)
Viral meningoencephalitis 3 (11.53)
Bacterial meningitis 3 (11.53)
Neurocysticercosis 1 (3.84)
Cerebral malaria 1 (3.84)
Pneumonia 1 (3.84)
Sarcoidosis 1 (3.84)
Sepsis 1 (3.84)
Total 26 (100)
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In the present study, SIADH was the most common cause of 
hyponatremia noted in nearly half of the study population. In 
a prospective study conducted in a general medical‑surgical 
setting, 66 patients (34%) had euvolemic hyponatremia, 
38 (19%) had hypervolemic hyponatremia associated with 
edematous disorders, and 33 (17%) had hypovolemic 
conditions, chiefly related to gastrointestinal fluid loss or 
diuretic use.[3] In a study by Rahil et al., extra‑renal fluid loss, 
including vomiting, diarrhea, or diaphoresis was the most 
frequent cause of hyponatremia which was found in 33.9% of 
the patients. SIADH was considered to be the cause in 20.7% 
of the patients.[9] Laczi reported that SIADH was the most 
common cause of euvolemic hyponatremia in their study in 
Hungary.[25] Another study by Panicker and Joseph[26] on the 
clinical profile of hyponatremia in ICU hospitalized patients 
reported SIADH as a predominant cause for hyponatremia.[26]

In this study, we evaluated the cause of SIADH as treating the 
underlying etiology would prevent considerable morbidity and 
mortality. The main cause of SIADH was infections, of which 
TB was the leading infectious cause. Further, the profile of TB 
in patients with SIADH in decreasing order of occurrence was 
as follows: tubercular meningitis, pulmonary TB, miliary TB, 
and tuberculomas. Similarly, Vorherr et al. reported a case of 
pulmonary TB with hyponatremia and detected antidiuretics in 
tuberculous lung tissues.[27] Bryant implied SIADH as a cause in 
patients with infectious pulmonary disease such as pulmonary 
TB.[28] Cockcroft et al. reported severe hyponatremia caused 
by SIADH which led to miliary TB in a 74‑year‑old woman.[29] 
Similarly, Weiss and Katz reported hyponatremia resulting 
from SIADH in patients with pulmonary TB.[30] Later on, it 
was affirmed that an increased ADH level in the presence of 
hyponatremia in pulmonary TB cases is a marker of ectopic 
ADH production. Few studies demonstrated that the ADH 
level was not detectable following full anti‑TB therapy.[31,32] 
More than 60% of the patients with TB may present with 
hyponatremia or SIADH as the first presentation.[33]

Another mechanism including endocrine system involvement 
in TB can also induce hyponatremia and is an important factor 
of consideration in patients with pulmonary TB. The adrenal 
glands are directly involved in TB,[17] which leads to overt 
or subclinical adrenal insufficiency and hyponatremia, along 
with the pituitary gland involvement.[2] Childhood tubercular 
meningitis can lead to hypopituitarism in 20% of the cases, 
years after effective treatment. The reason seemed to be 
tubercular lesions impressing the hypothalamus, pituitary stalk, 
and indirectly or directly, the pituitary gland itself.[5]

SIADH is a reversible condition in most of the cases, with 
effective pulmonary TB treatment.[33] Therefore, it should be 
carefully looked for by the treating physician as a cause of 
hyponatremia. Furthermore, patients who were affected by 
hyponatremia were more likely to have higher mortality as 
suggested in a study by Sharma et al.[34] In the present study, 
majority of the patients had an improved outcome and mortality 
was noted in few of the patients. These finding are consistent 

with another study conducted by Joseph and Panicker where 
mortality was noted in 7% of patients.

conclusIon

Based on the findings of this study, it may be concluded that 
hyponatremia can present with protean clinical manifestations. 
The presentation can vary from mild symptoms such as 
vomiting, lethargy, and malaise to severe forms such as 
confusion, seizure, and coma. Majority of patients report CNS 
symptoms and these patients are likely to have euvolemic 
hypoosmolar hyponatremia with SIADH as the predominant 
cause. The severity of hyponatremia is independent of age, 
sex and type of hyponatremia, as it is the rapidity with which 
hyponatremia develops that decides the clinical presentation 
and not just the levels of serum sodium. The most common 
etiology of hyponatremia in the present study was SIADH. 
Furthermore, it was observed that patients with SIADH having 
infectious etiologies, especially TB, are more likely to develop 
hyponatremia.

Clinicians need to be aware about the common occurrence 
of hyponatremia, its early identification, and its association 
with a large variety of diseases. In developing nations, like 
India, TB is still a common health hazard, remains latent, and 
can often present only as symptomatic hyponatremia. TB can 
induce hyponatremia in several ways such as local invasion of 
adrenal glands or pituitary gland, tubercular meningitis, and 
SIADH (via pulmonary infection). Therefore, evaluating for 
the cause of hyponatremia is equally important, as treating the 
underlying cause would prevent considerable morbidity and 
mortality associated with this enigmatic electrolyte disorder. 
Thus, the treating physician should have a high degree of 
suspicion for TB as a cause of hyponatremia, as our study 
found TB as the most common infectious cause of SIADH.

Thus, to conclude, a thorough understanding of the 
pathophysiological process of hyponatremia and its associated 
risk factors is of great importance in prompt and effective 
treatment of this potentially life‑threatening condition.
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Abstract. With the flourishing of innovation in drug discovery into a new era of personalized therapy, the use of monoclonal
antibodies (mAbs) in the treatment of various ailments lies at the forefront. Major improvements in genetic sequencing and
biomedical techniques as well as research into mAbs emphasize on determining new targets for advanced therapy while maxi-
mizing efficacy for clinical application. However, a balance has to be achieved concerning developing a target with low toxicity
combined with high specificity and versatility, to allow a specific antibody to facilitate several biotic effects, ranging from neu-
tralization of virus mechanisms to modulation of immune response and maintaining low global economic cost. Presently, there
are approximately 30 mAbs’ permitted for therapeutic use with many more being tested in clinical trials. Nevertheless, the heavy
cost of mAbs’ production, stowage and management as well as the subsequent hindrances to their development are outweighed
by mAbs’ clinical advantages. Compared to conventional drugs, since mAbs use as pharmacologic iotas have specific physical
features and modes of action, they should be considered as a discrete therapeutic category. In this review, the history of mAb
generation and the innovative technological applications of mAbs that has advanced in clinical practices is reviewed.

Keywords: Monoclonal antibodies, hybridoma technique, diagnosis, application

1. Introduction

Since 1980s, therapeutic monoclonal antibodies
(mAbs) have emerged into helpful and lucrative group
of discoveries. Currently, mAbs encompass the main-
stream of recombinant proteins presently utilized in
clinics, with approximately 150 products under re-
search sponsored by companies worldwide. Starting
with the most idea generated in academe, biotech firms

∗Corresponding author: Shridhar C. Ghagane, Department of
Urology, KLES Kidney Foundation, KLES Dr. Prabhakar Kore Hos-
pital & Medical Research Centre, Belagavi-590010, India. Mobile:
+91 9739717296; E-mail: shridhar.kleskf@gmail.com.

forged numerous technologies and methods to gener-
ate beneficial mAbs, despite several failures. Although
initially, most pharmacological firms were averse to ac-
cept the innovative tools, most now incorporated the
use of many mAbs in scientific research. Collectively,
genetically-developed mAbs generally have advanced
possibilities of approval success as compared to small-
molecule drugs, and are therefore useful for diversifi-
cation of the therapeutics pipeline.

The first mAb was developed in 1975 and was fully
licensed in 1986. The developments of mAbs repre-
sent a novel way in target specific mutations and de-
fects in protein structure as wells as their expression
in a wide range of diseases where chronic ailments are

ISSN 1093-2607/17/$35.00 c© 2017 – IOS Press and the authors. All rights reserved

AU
TH

O
R 

CO
PY



136 S.C. Ghagane et al. / Frontiers of monoclonal antibodies: Applications in medical practices

aimed. Nowadays, with key innovations in genomic se-
quencing and the transformation of elementary thera-
peutic research into clinical practice, humanized mAbs
are a rapidly rising group of recombinant molecules
in clinical trials [1]. The global value of the antibody
market is approximately $20 billion per year [2] with
about 30 mAbs currently approved by the FDA for
human use in the treatment of various diseases and
conditions including cancer, transplantation, chronic
inflammatory diseases, infectious and cardiovascular
diseases [3]. In fact, antibodies have become popu-
lar and vital research tools in many techniques includ-
ing western blotting, immunohistochemistry, immuno-
cytochemistry, enzyme-linked immunosorbant assay
(ELISA), immuno precipitation and flow cytometric
analysis. In addition, antibodies are also being consid-
ered for clinical therapies, including suppression of the
immune system following organ transplantation [4,5],
in the treatment of cancers such as leukemia and inhi-
bition of angiogenesis [6].

2. History

In 1984, Kohler and Milstein were awarded the No-
bel Prize in appreciation of the prominence of their
contribution to the improvement of invention means
for mAbs. The discovery occurred in 1975, when nor-
mal antibody-producing B-lymphocytes were fused
with myeloma tumor cells; resulting in clones of cells
termed as hybridoma’s [7]. Since their first production,
a completely new era in biotechnology has been ini-
tiated. The general technique which is known as ‘hy-
bridoma technology’ proved to be a wide range of
mAbs which can bind to protein, carbohydrate, nucleic
acid and hapten antigens, and may even have catalytic
activities [8]. These lead too many practical application
for mAbs to be applied in research or in health care [9]
leading to some patent disputes [10].

3. Generation of mAbs using the hybridoma
technique

The technology has been enhanced over the years,
particular by pre-selection of antigen-binding B-cells
and by screening with antigen-coating filters [11]. Hy-
bridoma technology was first extended to somatic cell
genetics, allowing mutant antibodies to be selected [5].
Their functional properties are transformed by inter-
changing heavy chain constant regions and antibod-

Fig. 1. Flowchart illustrating the production of mAbs by a hybrid
technology.

ies to be made with twofold higher specificities [12].
The gene technology later transformed the potential
antibody genes which can be further altered. New vis-
tas seemed to be reviving the elapsed anticipation of
the old discipline i.e. antibody immunochemistry. Ini-
tially, antibody genes were acquired from hybridoma
cloned into plasmid vectors and was expressed as com-
plete antibody in mammalian cells [13] in bacteria seg-
ments [14]. The easy manipulation of genes using new
technologies by cutting and pasting of restriction frag-
ments, or by site mutagenesis, allows the construction
of new antibody reagents and fine mapping of antibody
structure-function relationships.

Additionally, a new approach is also proposed with
the aim of bypassing hybridoma [15]. Antibody genes
are cloned directly from the lymphocytes of immu-
nized animals and are expressed in bacteria, follow-
ing which the antibody produced is screened for bind-
ing antigens [16]. As does hybridoma technology, the
process relies on animal immunization to yield many
antigen-specific cells. In animals, antibodies of low
affinity first produce antigen-induced cell proliferation
followed by the generation of high affinity variants as
a result of point mutation and selection.

The generation of hybridoma involves immuniza-
tion of a certain species against a specific epitope on
an antigen and obtaining the B-lymphocytes from the
spleen. The B-lymphocytes are then fused (either by
chemicals or by virus-induced methods) with an im-
mortal myeloma cell line lacking the hypoxanthine-
guanine-phosphoribosyltransferase (HGPRT) gene but
not containing any other immunoglobulin-producing
cells. These hybridoma cells are then cultured in-
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vitro in selective medium (i.e. medium containing
hypoxanthine-aminopterinthymidine) where only the
hybridoma’s (i.e. the fusion between the primary B-
lymphocytes and myeloma cells) survive. The survival
occur as they have inherited immortality gene from
the myeloma cells as well as selective resistance from
the primary B-lymphocytes (since myeloma cells lack
HGPRT, they cannot synthesize nucleotides de novo
as this is inhibited by aminopterin in the selective
medium) [17]. The initial culture of hybridoma’s con-
tains a combination of antibodies derived from many
different primary B-lymphocyte clones, each secreting
its own individual specific antibody into the culture
medium (i.e. the antibodies remain polyclonal). Each
individual clone can be separated by dilution into dif-
ferent culture wells. The cell culture medium can then
be screened from many hundreds of different wells for
the specific antibody activity required. Subsequently,
the desired B-lymphocytes grown from the positive
wells are then re-cloned and retested for their activi-
ties [18]. The positive hybridoma’s and mAbs gener-
ated can then be stored in liquid nitrogen. Hybridoma
technology can immortalize these cells while gene
technology immortalizes genes. In both cases however,
it is an animal that ‘invent’ the new molecule Fig. 1.

4. Enhancement of monoclonal antibody efficacy

There are several required components for enhanc-
ing antibody efficacy including immunogenicity,
antigen-binding affinity, effector functions and phar-
macokinetics. Immunogenicity involves minimizing
non-human sequences by creating chimeric, human-
ized or human versions of the antibodies with the pres-
ence of as few T-lymphocyte epitopes as possible [19].
The antibody fragments are usually less immunogenic
due to a lack of Fc domain [20]. Antigen-binding affin-
ity can be further improved by using phage display li-
braries to isolate antibodies with strong affinities for
the antigen. However, sometimes antibodies with a
lower affinity for the antigen may be required to al-
low better tumor penetration [21]. Effector functions
can be improved by genetically engineering the Fc re-
gion to contain point mutations or glycan modifica-
tions. Yamane-Ohnuki and Satoh reported the develop-
ment of defucosylated antibodies, which have higher
affinities for the low affinity immunoglobulin gamma
Fc region receptor III-A (FcgRIIIa) receptor and en-
hanced antibody dependent cell-mediated cytotoxicity
(ADCC) [22]. A particularly interesting aspect of anti-

body efficacy is its unique pharmacokinetic character-
istics once the particle reaches inside the body. For ex-
ample, it has been noted that the bioavailability of IgG
in plasma is partially dependent on its interaction with
the neonatal Fc receptor (FcRn) named Fc/Brambell
receptor [23]. The FcRn functions as a salvage recep-
tor that leads to the rescue of immunoglobulin G (IgG)
internalized in cells from degradation by lysosomes
thus causing recycling of antibodies into the plasma
and prolonging its half-life [24]. The plasma half-life
of IgG can also be increased by developing antibod-
ies (e.g. through phage display) with increased affinity
for FcRn [25]. In addition, antibody fragments treated
with polyethylene glycol (PEG) have also been shown
to have an increased plasma half-life [26].

5. Beneficial modifications to mAbs

MAbs can also be modified for additional effects.
Teicher and Chari discussed the possibilities of creat-
ing conjugated antibodies by coupling effector mole-
cules to mAbs (e.g. plant or bacterial toxins, en-
zymes, radionuclides and cytotoxic drugs) [27]. Chem-
ical coupling of effector molecules to mAbs is usu-
ally done with the aid of chemical ligands (i.e. join-
ing molecules). The sites for coupling on the mAbs
usually include thiol groups (e.g. eSH groups on cys-
teine residues), amine groups (e.g. eNH2 groups on
lysine residues) or carbohydrates. Additionally, cys-
teine, lysine or carbohydrate attachment sites can be
added anywhere into mAbs using site-directed muta-
genesis, although the function of the monoclonal an-
tibody must be maintained [28]. For example, an an-
tibody bound to a toxin can be targeted against a tu-
mor. This can also be produced by genetic engineer-
ing where a DNA sequence coding for the specific
toxin can be added to the end of the single-chain vari-
able fragment (scFv) chain region in the genome in or-
der that they co-transcribe [29]. Bispecific antibodies
can target two separate epitopes with each arm of the
Fab portion. They can be produced by chemical cross-
linking of IgG, Fab or scFv fragments or via the gen-
eration of a ‘hybrid hybridoma’ [30].

6. MAbs as drugs: The current status

To date, more than 100 different monoclonal anti-
body diagnostic products are currently available [31,
43] with some listed in Table 1. They are used not only
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for routine diagnostic procedures but also for therapeu-
tic purposes in larger quantities. The use of mAbs in
biomedical research has been and will continue to be
important for the identification of proteins, carbohy-
drates, and nucleic acids. Their use has led to the elu-
cidation of many molecules that control cell replica-
tion and differentiation thus advancing the knowledge
on the relationship between molecular structure and
function. These advances in basic biological sciences
have improved our understanding of host response to
1) infectious-disease agents and toxins produced by
these agents 2) transplanted organs and tissues 3) spon-
taneously transformed cells (tumors) and 4) endoge-
nous antigens [32]. MAbs are important reagents used
in biomedical research, microbiological research, in
the diagnosis of hepatitis, acquired immune deficiency
syndrome (AIDS), influenza, herpes simplex, and in
the treatment of chronic diseases such as infections and
cancer [33]. These antibodies are produced by the cell
lines or clones obtained from animals (in-vivo and in-
vitro).

MAbs form the basis of a number of diagnostic tests
when used in-vitro. For example, mAbs against a hor-
mone can detect pregnancy only ten days following
conception. Specific mAbs are used for rapid diagno-
sis of hepatitis, influenza, herpes simplex and chlamy-
dia infections. MAbs play an important role in diag-
nostic medicine to determine the concentration of spe-
cific proteins in blood or urine. For example, an un-
usually high blood level of a prostate-specific antigen,
indicated by its interaction with a mAbs, can provide
an early warning that an individual may have devel-
oped prostate cancer. Additionally antibodies can also
be used in protein purification. When a purified anti-
body is added to a crude mixture of proteins, the spe-
cific protein being investigated selectively combines
with the antibody and precipitates from the solution
thus allowing detection [34].

7. Perspective

It has been nearly 30 years since Kohler and Mil-
stein described a technique for immortalizing antibody
producing cells, identifying their products and cloning
the cells to obtain mAbs. MAbs are important diag-
nostic reagents used in biomedical research and for the
diagnosis of viral and bacterial diseases. The produc-
tion of mAbs is neither straightforward nor easy. The
common production steps are immunization of mice
and selection of mouse donors for generation of hy-

bridoma cells, screening of mice for antibody produc-
tion, preparation of myeloma cells fusion of myeloma
cells with immune spleen cells, cloning of hybridoma
cell lines by “limiting dilution” or expansion as well
as stabilization of clones by ascites production purifi-
cation of mAbs, antibody engineering for ligand bind-
ing and diagnostic kits preparation. These mAbs are
produced either in vitro or in vivo. The modern at-
tractiveness of mAbs is almost directly related to the
advancement of recombinant mAbs technology. There
are approximately 100 different diagnostic kits based
on mAbs technology currently available in the market.
The worldwide markets of the clinical diagnostics are
estimated to be approximately $19 billion, with an an-
nual growth rate of nearly 5% per year.

8. Commercial issues surrounding mAbs

Some of the relative lack of commercial success of
mAbs may be attributed to the high costs of its admin-
istration. For example, in leukemia treatment, it costs
approximately £37,000 for a year’s supply of alem-
tuzumab [35]. Furthermore in cancer treatment, anti-
bodies are rarely, if ever, curative. For example, beva-
cizumab (avastin R©) only extends the median survival
times by 30% or (20.3 vs. 15.6 months when com-
pared with the use of a standard chemotherapy) [36].
The side effects are mainly first-infusion reactions such
as fever-like symptoms [37]. Thus, issues related to
the cost of administration, a need for greater clini-
cal efficacy and better side effect profiles still need to
be addressed for better opportunities for mAbs to be-
come more commercially viable. Other factors that in-
fluence the growth in commercialization of mAbs in
the long-term include quality control, patient compli-
ance, a competitive pharmaceutical market and incen-
tives for antibody development (e.g. via infrastructure
reimbursement programmes).

9. Applications of mAbs in diagnosis and
treatment

Once mAbs for a given drug or substance have been
produced, they can be used for the detection of the
substance of interest. The western and immune dot
blot tests detect the protein on a membrane. They are
also very useful in immunohistochemistry, which de-
tect antigen in fixed tissue sections and immunofluo-
rescence test by detecting the substance in a frozen tis-
sue section or in live cells [38,39]. Besides being a
source of pure antibody for diagnosis of infectious dis-
eases, mAbs provide a means of:
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9.1. Enumeration of human lymphocyte sub
populations

For this purpose, anti-CD3 (cluster of differentiation
3) identifies all mature T cells, anti-CD4 (cluster of
differentiation 4) identifies subsets containing T-helper
cells while anti-CD8 (cluster of differentiation 8) iden-
tifies cytotoxic T cells.

9.2. Analysis of viral antigens

MAbs are used in the classification and diagnosis of
viral diseases with the best example as the dissection
of the antigenic structure of the influenza virus. MAbs
have been used against the hemagglutinin glycoprotein
exposed on the surface of the viruses and these anti-
bodies can neutralize the virus. In this way, every anti-
genic drift or shift can be identified. MAbs are used to
map areas of antigenic variation on the virus particle.
Such functional mapping has also been done for polio
virus and certain retroviruses.

9.3. Analysis of putative protective antigens

MAbs can define antigen structure and help iden-
tify certain antigenic determinants that evoke a pro-
tective immune response. Non-immunodominant de-
terminants can also be identified and their reactivity
analyzed. With the help of mAbs, synthetic peptides
have been produced as subunit vaccines, with configu-
rations which corresponded to the protective antigen.

9.4. Analysis of immunologically competent cell
surface molecules

MAbs can be used to map and study the various re-
gions of an immunoglobulin molecule and the basis for
immunoglobulin variability. For example, anti CD8 in-
hibits the killing by cytotoxic T cells. The anti-Ia (anti-
La antibodies) molecule inhibits T-cell responses to
macrophage processed antigen [38]. A cocktail of anti
CD3+ complement kills T-cells in human bone marrow
can be used to prevent graft versus host reaction [39].

9.4.1. Blood grouping
Anti-blood group monoclonal provide a more reli-

able standard reagent than the use of conventional an-
tisera.

9.4.2. HLA typing
MAbs provide a reliable means of HLA antigen de-

tection using individual specificities to the A, B, C and
DR loci. HLA typing is specifically used prior to renal
transplantation from the donor to the recipient.

9.4.3. Cancer diagnosis
Antibodies that can distinguish between malignant

and normal cells have been generated. Malignant
melanoma and acute lymphocytic leukemia cells are
among the few that can be differentiated. Radioac-
tive anti carcino-embryonic antigen is used to localize
colonic tumors or secondaries on scanning. It may be
possible to deliver cytotoxic drugs conjugated to mAbs
right into tumor-specific cell types or the new “magic
bullet” therapy.

9.4.4. In autoimmunity and immune deficiency
Imbalances in the ratio of T-helper and T suppres-

sor subsets indicate immunodeficiency or autoimmu-
nity. These states are accurately monitored by us-
ing mAbs against specific T-cell antigens. MAbs to
the thyroid stimulating hormone and adrenocorticohor-
mone receptors are used to study both graves’ disease
and myasthenia gravis.

9.4.5. In the control of fertility
MAbs are also used against hormones and repro-

ductive tract antigens such as human chorionic go-
nadotropin, luteinizing hormone and luteinizing hor-
mone releasing hormone to control fertility.

9.4.6. Monoclonal mutants
Mutants lacking Fc structures are used for defin-

ing the biologic roles of Fc domains and for in-vivo
neutralization of toxic drugs, for example in cases of
digoxin overdose. Hybridoma technology has not only
improved the quality and discriminating power of di-
agnostic and investigative serology but also promises
to provide new reagents that will be useful in the diag-
nosis and treatment of many disease processes.

9.4.7. Cancer treatment
The treatment of cancer involves using mAbs that

bind only to cancer cell-specific antigens and can in-
duce immunological responses against the target can-
cer cells. Such mAb could also be modified for de-
livery of a toxin, radioisotope, cytokine or other ac-
tive conjugate [38]. In addition, it is also possible to
design bi-specific antibodies that can bind with their
Fab regions both to target antigens and to a conju-
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gate or effector cells. In fact, every intact antibody can
bind to cell receptors or other proteins with its Fc re-
gion [39,40]. Some examples of mAbs approved by the
FDA include bevacizumab, cetuximab, panitumumab
and trastuzumab [41].

9.4.8. Autoimmune diseases
MAbs used for autoimmune diseases include inflix-

imab and adalimumab, which are effective in rheuma-
toid arthritis, Crohn’s disease and ulcerative Colitis due
to their ability to bind to and inhibit TNF-α. Basil-
iximab and daclizumab inhibit IL-2 (interleukin-2) on
activated T cells thereby help prevent acute rejection of
kidney transplants [42]. Omalizumab inhibits human
immunoglobulin E (IgE) and is useful for moderate to
severe allergic asthma [43].

10. Conclusion

Due to their specificity and flexibility, mAbs present
an attractive option for the development of new thera-
pies and molecular drug targets against a wide variety
of common diseases. Considerations when choosing
the types of mAbs for development include its method
of production, avidity, its effector function and its de-
livery to its target tissue (e.g. a smaller scFv may be
able to penetrate a tumor more effectively than a full-
sized antibody). However, despite some of its draw-
backs, there is still major interest from pharmaceutical
companies to develop mAbs for both clinical and di-
agnostic use, which will dictate the future of treatment
and management of common, chronic conditions from
both clinical and economical perspectives.
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Abstract

Objective—To describe the Global Network Near-Miss Maternal Mortality System and its 

application in seven sites.

Methods—In a population-based study, pregnant women eligible for enrollment in the Maternal 

and Newborn Health Registry at seven sites (Democratic Republic of the Congo; Guatemala; 

Belagavi and Nagpur, India; Kenya; Pakistan; and Zambia) between January 2014 and April 2016 

were screened to identify those likely to have a near-miss event. The WHO maternal near-miss 

criteria were modified for low-resource settings. The ratio of near-miss events to maternal deaths 

was calculated.

Results—Among 122 707 women screened, 18 307 (15.0%) had a potential near-miss event, of 

whom 4866 (26.6%; 4.0% of all women) had a near-miss maternal event. The overall maternal 

mortality ratio was 155 per 100 000 live births. The ratio of near-miss events to maternal deaths 

was 26 to 1. The most common factors involved in near-miss cases were the hematologic/

coagulation system, infection, and cardiovascular system.

Conclusion—By using the Global Network Near-Miss Maternal Mortality System, large 

numbers of women were screened for near-miss events, including those delivering at home or a 

low-level maternity clinic. The 4.0% incidence of near-miss maternal mortality is similar to 

previously reported data. The ratio of 26 near-miss cases to 1 maternal death suggests that near 

miss might evaluate the impact of interventions more efficiently than maternal mortality.

Keywords

Low- and middle-income countries; Maternal mortality; Maternal near miss

1 INTRODUCTION

Maternal mortality and severe maternal morbidity are increasingly recognized as indicators 

of the quality of obstetric care in both health systems and individual facilities [1,2]. On the 

one hand, because maternal deaths are rare even in settings with relatively high maternal 

mortality, the number of deaths is often inadequate to evaluate interventions aiming to 

improve maternal outcomes. On the other hand, measures of maternal morbidity can be 

vague, with varying definitions and inconsistent reporting across settings or over time [2].

To augment maternal mortality data, WHO developed the concept of “maternal near miss” 

as the near death of a woman from a complication during pregnancy or childbirth, or within 

42 days of termination of pregnancy [3]. WHO also developed a tool to classify near miss 

[3,4]. Subsequently, numerous studies have used these criteria to define near miss worldwide 

[5–23].
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The WHO near-miss criteria were primarily designed for hospital settings under the 

assumption that these conditions usually result in maternal death when they occur outside 

the health facility [4]. However, numerous adaptations have been used across studies and in 

different settings. Depending on the geographic location, population, and specific details of 

the classification, studies of maternal near miss in low- and middle-income countries 

(LMICs) report frequencies ranging from less than 1% to more than 15% [5–21] (Table 1). 

Almost all studies have been conducted in health facilities, ranging from tertiary referral 

hospitals to maternity care centers. The wide range of near-miss incidence illustrates the 

impact of definitions, locations, and populations on the outcome, and also points to the need 

for a universal system to define maternal near-miss mortality in LMIC settings to facilitate 

comparisons using similar criteria across settings and over time.

One of the challenges to the widespread use of existing near-miss data tools in LMIC 

settings has been the reliance on data generally gathered in advanced hospital settings [1]. 

Because of the wide range in healthcare systems, a tool that is generalizable to various 

settings and that can be used on a population rather than a facility basis would be more 

appropriate.

To address these gaps, a near-miss classification approach—the Global Network Near-Miss 

Maternal Mortality System—has been developed. This system is based on the WHO near-

miss tool [7], but has been designed specifically for low-resource settings where many 

deliveries occur in the home or in facilities with limited laboratory testing or interventions 

such as blood transfusion. The aim of the present study was to implement this system to 

capture near-miss events, and to determine the rate of these events in sites of the Global 

Network.

2 MATERIAL AND METHODS

The present prospective, population-based, observational study was performed between 

January 1, 2014, and April 30, 2016, at seven Global Network sites in the Democratic 

Republic of the Congo (DRC), Guatemala, India, Kenya, Pakistan, and Zambia as part of the 

Global Network Maternal and Newborn Health (MNH) Registry. The institutional review 

boards and ethics committees at the participating study sites (Aga Khan University, Karachi, 

Pakistan; Kinshasa School of Public Health, Kinshasa, DRC; Moi University, Eldoret, 

Kenya; University of Zambia, Lusaka, Zambia; INCAP, Guatemala City, Guatemala; Lata 

Medical Research Foundation, Nagpur, India; and KLE University’s JN Medical College, 

Belagavi, India), their affiliated US partner institutions (University of Alabama at 

Birmingham, University of North Carolina at Chapel Hill, Columbia University, University 

of Indiana, Thomas Jefferson University, and Massachusetts General Hospital), and the data 

coordinating center (RTI International) approved the study. Every woman enrolled in the 

MNH Registry provided informed consent regarding the use of data related to her pregnancy.

The seven Global Network sites included in the present study have been described in detail 

previously [24]. All pregnant women living in the defined geographic areas are enrolled in 

the MNH Registry by trained staff during pregnancy and followed up from consent until 6 

weeks after delivery. Pertinent data related to the pregnancy and its outcomes are collected 
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prospectively by maternal, family, and provider interview, and by chart review including 

specific data related to maternal mortality and near-miss events.

For the Global Network Near-Miss Maternal Mortality System, the definition of a near-miss 

event was based on the original WHO criteria. However, because many of the WHO criteria 

assume hospital admission, the Global Network Near-Miss Maternal Mortality System 

criteria were limited to those that can be generally obtained irrespective of the tests and 

procedures available to the population to develop a system applicable to low-resource 

settings. The specific criteria were selected after extensive discussion with investigators 

representing each site. Owing to the increasing rates of facility utilization, several WHO 

management criteria were retained, although these data were often unavailable for the 

present study population.

Table 2 summarizes the criteria in both the Global Network and the WHO near-miss 

systems. Consistent with the WHO system, the Global Network definition categorizes the 

near-miss criteria by organ system dysfunction (i.e. cardiovascular, respiratory, renal, 

hematologic/coagulation, hepatic, and neurologic) and/or infection. Near-miss data are 

collected after delivery and 42 days later by a trained registry administrator through 

interviews of patients, family, and providers, and review of medical records when available. 

Maternal deaths during pregnancy up until 42 days after delivery are documented.

Because the Global Network MNH Registry enrolls approximately 70 000 pregnant women 

annually, it was deemed impractical to review each woman’s records to determine cases of 

near miss. Therefore, screening criteria were developed to determine which pregnancies 

should be further evaluated for maternal near miss (Box 1). These criteria included specific 

types of maternal and perinatal signs, symptoms, and outcomes associated with near-miss 

cases, in addition to broad criteria defined as any other symptoms or signs of life-threatening 

illness at any time during the pregnancy or in the postpartum period.

Box 1

Global Network screening criteria for near-miss events

• Obstructed labor, prolonged labor, failure to progress.

• Severe prepartum, intrapartum, or postpartum hemorrhage.

• Evidence of hypertensive disease, severe pre-eclampsia, eclampsia, or 

seizures.

• Breech, transverse or oblique lie.

• Severe infection or sepsis.

• Signs of obstetric fistula.

• Unplanned hospitalization during pregnancy and after delivery for 

complications.

• Fetal demise.
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• Symptoms or signs of life-threatening illness at any time during pregnancy or 

after delivery.

For the present analysis, all pregnant women eligible for enrollment in the MNH Registry 

during the study period were screened. Women who had a spontaneous abortion or other 

pregnancy loss at less than 20 weeks were excluded. Pregnancy outcomes were partitioned 

into one of three categories: maternal death, near-miss event, or alive at postpartum day 42 

without a near-miss event. Cases of maternal death were not classified as near miss. It was 

possible for a participant to have one near-miss event identified at delivery and another at the 

42-day visit.

All data were entered into a customized Microsoft Access 2010 database (Microsoft 

Corporation, Redmond, WA, USA) on local computers and reviewed at the study site before 

transmission via an encrypted secure system to the data coordinating center. Additional edits 

were conducted centrally and resolved at each site. Descriptive statistics were used to assess 

the frequency of near-miss events by study site. All data were analyzed using SAS version 

9.4 (SAS Institute, Cary, NC, USA).

3 RESULTS

Overall, 122 707 women were eligible for assessment of maternal near miss in the present 

study. At each site, more than 99% of the women enrolled in the MNH Registry before 

delivery and who delivered at 20 weeks of pregnancy or more were screened for near-miss 

events at delivery and at 42 days after delivery (data not shown). The total number of women 

with a 42-day near-miss evaluation was 122 408. Table 3 presents the number of women 

screened for maternal near miss per site. The delivery locations varied by site: for example, 

13 251 (74.6%) of 17 769 deliveries in Nagpur occurred in hospital as compared with 1351 

(9.7%) hospital births of the 13 962 total deliveries in the DRC site.

A positive response to at least one of the screening questions was recorded for 18 307 

(15.0%) women, some of whom had more than one screening event. The total number of 

deliveries with one or more near-miss event, as defined by the Global Network system, was 

4866 (4.0% of all women screened). The frequency of positive screens for one or more near-

miss screening criteria ranged from 6.1% in Zambia to 21.3% in Belagavi, India (Table 3). 

The percentage of women screened who had a near-miss event ranged from 0.4% in Nagpur, 

India, to 8.2% in Pakistan (Table 3). Overall, of the women with a positive screening for 

near miss, 26.6% (4866/18 307) were found to have a near-miss maternal event; at the 

different sites, this percentage ranged from 2.9% in Nagpur, India, to 48.0% in the DRC 

(Table 3). The maternal mortality ratio was 155 per 100 000 live births overall, and ranged 

from 70 per 100 000 live births in Zambia to 319 per 100 000 live births in Pakistan. The 

overall ratio of near miss to maternal death was 26:1, with the ratios at the individual sites 

ranging from 4:1 in Nagpur to 81:1 in Guatemala.

Of the 4866 women with near-miss events, 106 (2.2%) had a second near-miss event and 

thus 4972 separate near-miss events were evaluated in total. Of these, 4492 (90.3%) were 

identified around the time of delivery visit and 480 (9.7%) were identified at 42 days after 
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delivery. Table 4 summarizes the incidence of near-miss events by positive screening 

criteria. The screening criteria that were positive at delivery that were most commonly 

associated with a near-miss event were those related to prepartum and postpartum 

hemorrhage, and to infection; breech presentation and obstructed labor had lower 

percentages of associated near-miss events. At 42 days, more than 50% of women meeting 

each screening criterion had a near-miss event.

Of the near-miss events, 78.6% (3907/4972) had one organ system involved, 16.2% 

(805/4972) had two systems involved, 3.6% (181/4972) had three systems involved, and 

1.1% (53/4972) had between four and six organ systems involved. Figure 1 shows which 

organ systems were involved for the near-miss events. Hematologic events (mostly 

hemorrhage) were the most common, followed by infection-related events and 

cardiovascular events.

Table 5 summarizes the number of near-miss events associated with each positive near-miss 

criterion, in addition to the organ systems involved in each near-miss event. For the near-

miss events that screened positive for obstructed labor, for example, the most common organ 

systems/factors involved were hematologic/coagulation, infection, and cardiovascular. For 

the women who screened positive for hypertensive disease and had a near-miss event, the 

cardiovascular system was most commonly involved. At 42 days after delivery, 

approximately half the cases of life-threatening illness or unplanned hospitalization with a 

near miss-event were infection-related (Table 5).

4 DISCUSSION

By using newly developed screening methods, the present study found an incidence of 

maternal near miss of 4.0%. Overall, 15.0% of women screened were positive for one or 

more screening criteria, and 26.6% of those who screened positive had a near-miss event. 

Nearly 79% of those women with a near-miss event had only one event; conversely, 21% of 

those with a near-miss event had more than one.

In the Global Network sites, the maternal mortality ratios ranged from 70 per 100 000 live 

births in Zambia to 319 per 100 000 in Pakistan, with a mean of 155 per 100 000 live births 

overall. The incidence of near miss ranged from 0.4% in Nagpur, India, to 8.2% in Pakistan, 

with a mean of 4.0%. The ratio of near miss-events to maternal mortality was 26 to 1. Thus, 

for studies trying to show a significant improvement in outcomes via an intervention, the 

sample sizes needed to show a significant difference with maternal near miss as an outcome 

would be much smaller than if maternal mortality alone was the outcome.

Among the near-miss cases, those involving the hematologic (mostly hemorrhage) and 

cardiovascular systems and infection were the most common, followed by those involving 

the pulmonary, renal, and neurologic systems. Because near-miss cases are organized 

predominantly by organ system (infection is the exception), and because pre-eclampsia/

eclampsia can involve nearly all organ systems, the present method cannot determine the 

percentage of near-miss cases related to pre-eclampsia or eclampsia. In the study population, 

however, only approximately 2.5% of women were diagnosed with a hypertensive disease 
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including pre-eclampsia or eclampsia, although in most populations approximately 5% of 

women are likely to have this condition [25]. The estimate is low in many of the Global 

Network sites because the ability to diagnose this condition is limited. Many of the providers 

cannot or do not measure blood pressure or proteinuria; even if they do, it is not often 

measured in the third trimester when pre-eclampsia generally becomes apparent. Notably, 

the near-miss cases associated with pre-eclampsia/eclampsia were spread across many organ 

systems. Near-miss cases associated with other obstetric conditions, such as prolonged or 

obstructed labor, were also distributed across multiple organ systems.

In large population-based studies of maternal near miss, carefully reviewing each case to 

identify a near-miss event is impractical. For that reason, a screening method to identify 

women at risk for a near-miss event was evaluated in the present study. Several pregnancy 

complications were also reviewed to determine their ability to identify a near-miss event. 

Notably, 90.3% of near-miss events were recognized around the time of delivery, and only 

9.7% of events were identified at 42 days postpartum. The percentage of positive screening 

criteria associated with a near-miss event around delivery ranged from obstructed labor 

(13.4%) and breech presentation (14.8%) to postpartum maternal hemorrhage (79.0%). For 

each of the criteria at 42 days after delivery, more than 50% of cases with a positive screen 

experienced a near-miss event.

The WHO near-miss system focuses on hospital-based deliveries in high-income countries 

and thus seems to have limited value in LMICs. To address this limitation, the WHO criteria 

were modified in the present study to focus on items that are more appropriate to low-

resource settings, especially in areas where most women deliver at home or in health clinics. 

A similar modification was made by Nelissen et al. [9,26] for a facility-based study in a rural 

region in Tanzania.

The strengths of the present study include the large population and the fact that it evaluated 

population-based near miss and maternal mortality, including all delivery locations and not 

only hospital deliveries. The method, which includes screening criteria to identify women 

who should be more closely assessed, should enable large populations to be evaluated for 

maternal near miss. Limitations include the wide variation in the rates of maternal near miss 

across the study sites. These wide ranges need further exploration to determine whether the 

differences are real or result from idiosyncrasies in reporting among the sites, despite the 

standard forms and instructions used for data collection. Similarly, large variations in 

maternal mortality were noted among the sites, and some rates were lower than would be 

anticipated from previously reported country data. Whether these lower rates are due to 

better care at the research sites or to unidentified maternal deaths is unknown.

In summary, preliminary results from a near-miss identification system designed for 

population-based studies in low-resource areas showed that both the percentage of deliveries 

classified as having a near-miss event and the organ systems most frequently involved were 

within the range of previously reported data. Whether focusing on maternal near miss rather 

than on maternal deaths will ultimately lead to an improvement in maternal morbidity and 

mortality remains unknown.
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Synopsis

The Global Network Near-Miss Maternal Mortality System found that 4% of pregnant 

women experienced a near-miss event; there were 26 events for each maternal death.
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Figure 1. 
Near-miss events by subcategory (n=4972). More than one subcategory possible per event.
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Aim—This study estimated the causes of neonatal death using an algorithm for low-resource 

areas, where 98% of the world’s neonatal deaths occur.

Methods—We enrolled women in India, Pakistan, Guatemala, the Democratic Republic of 

Congo, Kenya and Zambia from 2014–2016 and tracked their delivery and newborn outcomes for 

up to 28 days. Antenatal care and delivery symptoms were collected using a structured 

questionnaire, clinical observation and, or, a physical examination. The Global Network Cause of 

Death algorithm was used to assign the cause of neonatal death, analysed by country and day of 

death.

Results—One third (33.1%) of the 3,068 neonatal deaths were due to suspected infection, 30.8% 

to prematurity, 21.2% to asphyxia, 9.5% to congenital anomalies and 5.4% did not have a cause of 

death assigned. Prematurity and asphyxia-related deaths were more common on the first day of 

life (46.7% and 52.9%, respectively), while most deaths due to infection occurred after the first 

day of life (86.9%). The distribution of causes was similar to global data reported by other major 

studies.

Conclusions—The Global Network algorithm provided a reliable cause of neonatal death in 

low-resource settings and can be used to inform public health strategies to reduce mortality.

Keywords

Global Network Cause of Death algorithm; infection; low-middle income countries; preterm birth; 
neonatal mortality

BACKGROUND

An estimated 2.8 million neonatal deaths occur worldwide each year and 98% of these are in 

low and middle-income countries (LMIC) (1,2). In high-income countries, the rates of early 

neonatal death are often less than two per 1,000 and late neonatal deaths, between 7–28 days 

of life, are less than one per 1,000. In contrast, the rates of neonatal death are often 10 times 

higher - 20 per 1,000 - in LMIC for early neonatal deaths and seven per 1,000 for late 

neonatal deaths. The overwhelming majority of neonatal deaths are attributed to 

complications of preterm birth, infectious disease and asphyxia, which are all potentially 

preventable causes (3).

Most LMIC lack high-quality civil registry systems to record neonatal deaths and only 65% 

of births and 38% of all deaths are registered worldwide (3,4). In order to reduce avoidable 

deaths, we must understand the major causes of neonatal deaths and direct resources to 

prevent them (4–7). Because access to healthcare services is not universal in LMICs, and 

resources to ascertain the causes of neonatal deaths with diagnostic tools such as autopsies, 

placental histology, x-rays, ultrasound or bacterial cultures are limited, the cause of death 

(COD) assigned by clinicians might be inaccurate (1,2).

Methods to determine population-based causes of neonatal death worldwide vary from high-

income countries, where vital registration systems are generally of a high quality, to LMIC, 

which frequently rely on estimates. A publication by Oza et al on worldwide causes of 

neonatal deaths was only able to obtain civil registration data for 65 of 194 countries to 
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estimate causes of death (8). The data for the remaining 129 countries were derived from 

mathematical models based on civil registry data from other countries or from literature 

reviews of small neonatal cause of death studies. In addition to modelling, verbal autopsies 

and expert algorithms have been applied to determine the causes of neonatal deaths in 

settings that lack high-quality civil registration systems (9–11).

In 2007, the World Health Organization developed a standard verbal autopsy methodology 

and questionnaire regarding diseases, signs, symptoms and the treatment of the deceased 

person, followed by physician certification, in which up to three trained physicians reviewed 

the data and assign a COD (12). Due to the considerable resources and training required for 

physician-certified verbal autopsy, several methods for computerised coding of verbal 

autopsy have been developed. These methods include the Tariff and the Artificial Neural 

Network methods, which are based on an algorithm to assign a single cause of death, as well 

as the InterVA method, which is based on probabilities and assigns multiple causes (13–15). 

One review found that the most common interpretation method of the verbal autopsy 

instruments was physician-certified, followed by probabilistic methods and algorithms (15).

A major concern with any classification system is the reliability of the COD determination 

across evaluators. When different clinicians determine the COD for any specific case, major 

differences often occur (16–19), as results may not only depend on the case data available, 

but also on the individual behavior of the classifiers. The use of physicians also poses a 

problem because of the required resources and training. The Bali Declaration, which was 

issued by a verbal autopsy expert group in 2011, stated that: “physician review of verbal 

autopsy data as the default method of choice for all verbal autopsy interpretations should be 

a thing of the past” (20). The World Health Organization neonatal death verbal autopsy 

instrument published in 2014 requires that the family or a community member must respond 

to more than 140 detailed questions and that the healthcare provider must access clinical 

information and diagnostics. This poses an additional challenge and makes it quite 

complicated and costly to incorporate into existing health systems (12).

To address the gaps in standardised systems to determine maternal and neonatal COD in 

LMIC, we developed the Global Network Cause of Death algorithm (21,22). We applied this 

algorithm to data available in community and clinic settings over an 18-month period as a 

tool to determine the causes of neonatal death. The application for determining the cause of 

stillbirths is described elsewhere (22). We compared the results obtained with this system to 

the clinician assigned causes of death, as well as to previous reports of causes of neonatal 

mortality.

METHODS

The study was conducted within the Global Network for Women’s and Children’s Health 

Research (Global Network), a multi-country research network with sites in the Democratic 

Republic of Congo, Kenya, Zambia, Belagavi and Nagpur, India, Pakistan and Guatemala. 

The network is funded by the Eunice Kennedy Shriver National Institute of Child Health and 

Human Development (23,24).
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Each site in the Global Network has between 10 and 20 geographically defined clusters, 

defined as communities with approximately 500 deliveries per year. These clusters 

participate in the Maternal Newborn Health Registry study, a population-based registry that 

aims to enroll all consenting women as early as possible during pregnancy. Basic 

demographic information is collected at enrollment and women are then visited by a registry 

administrator following delivery and at six weeks post-partum to obtain birth and child 

outcomes, including information on delivery care (24).

Causes of neonatal death

Neonatal deaths were defined as those that occurred before 28 days after live births. We 

obtained standardised data in the immediate neonatal period and, or, within two weeks after 

death using information obtained from the mother, family and caregivers and through 

clinical examinations that only required basic equipment, such as a scale for the birth weight 

determination, blood pressure cuff and thermometer. When available, we included hospital-

based information from reviews of clinical records. In addition, for all neonatal deaths, the 

clinician-assigned cause of death was recorded, based on each site’s local system for 

determining cause of death.

For the Global Network COD system, the information obtained for each neonatal death was 

analyzed using a computer-based, hierarchical algorithm (Figure 1).

The algorithm first determined whether a major congenital anomaly was present and, if so, 

whether this was the assigned cause of death. If there was no major congenital anomaly and 

an infection was present or suspected, such as tetanus, omphalitis, sepsis or pneumonia, then 

infection was determined to be the cause of death. If neither an anomaly nor infection was 

present, the algorithm then differentiated causes based on the gestational age at birth.

If there was no evidence of anomaly or infection among term infants, and if there was no 

crying or breathing difficulties at birth, asphyxia was assigned as the cause of death. If no 

signs of difficulties breathing at birth or respiratory distress were present, the cause of death 

was assigned as unknown. For preterm infants between 34 and 37 weeks, or over 2,000 

grams, the algorithm assigned asphyxia as cause of death if a) the neonate breathed weakly, 

was resuscitated or had an early seizure or b) the mother had complications during 

pregnancy such as preeclampsia or eclampsia, obstructed or prolonged labour, fetal growth 

restriction, a twin pregnancy or a breech birth. If the infant was <34 weeks at birth and, or, 

<2,000 grams, and none of the above conditions were present, the algorithm assigned the 

cause of death as prematurity, regardless of whether respiratory distress was present, since 

respiratory distress syndrome is common and congenital anomalies and infections had 

previously been considered and rejected as a cause.

Statistical analyses

Data were entered at each study site where initial quality checks were performed. Data were 

transmitted to a central coordinating centre using a secure method, where additional data 

editing checks were performed. Data from all sites were combined for the analyses of the 

day of death and comparisons with the clinician assigned cause of death. Data from the two 

Indian sites and the two African sites were combined for the analysis of mortality rates and 
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cause specific mortality and we used Cohen´s Kappa to assess the agreement between the 

algorithm and the clinician assigned cause of death. A Kappa range between 0 and 0.2 was 

considered to indicate minimal agreement, 0.21 to 0.4 fair agreement, 0.41 to 0.6 modest 

agreement, 0.61 to 0.8 substantial agreement and 0.81 to 1 exact agreement (25).

All analyses were performed in SAS version 9.3 (ASA Institute Inc, North Carolina, USA).

Ethical approval

We received ethical approval from the institutional review boards and ethics committee at 

the participating study sites (Aga Khan University, Pakistan; Kinshasa School of Public 

Health, Democratic Republic of Congo; Moi University, Kenya; Francisco Marroquin 

University, Guatemala; University of Zambia, Zambia, Lata Medical Research Foundation, 

Nagpur, India and KLE University, Belagavi, India) and their affiliated partner institutions in 

the USA (Columbia University, University of North Carolina at Chapel Hill, University of 

Indiana, University of Colorado, University of Alabama at Birmingham, Boston University 

and Thomas Jefferson University) and the data coordinating center (RTI International). The 

women provided informed consent prior to their participation in the study.

RESULTS

During the study period from 2014–2016, a total of 133,381 newborn infants were screened 

and 132,402 mother-infant dyads were eligible and the mothers agreed to participate. They 

included 122,799 women who delivered babies at more than 20 weeks of gestation (Figure 

2). More than three-quarters (approximately 77%) of the births occurred in a hospital or 

clinic (Table 1). Guatemala had the lowest rate of facility births (55.3%), while the Indian 

sites had nearly all institutional deliveries. A total of 3,068 neonatal deaths were included in 

the analysis. The overall neonatal mortality rate was 25.5 deaths per 1,000 live births, which 

ranged from 16.3 per 1,000 in the African sites to 47.8 per 1,000 in Pakistan.

Based on the Global Network COD Algorithm, 33.1% of the neonatal deaths at all sites were 

due to infections, 30.8% to prematurity, 21.2% to asphyxia and 9.5% to congenital 

anomalies. A further 5.4% were classified as unknown (Figure 3). The Guatemalan and 

African sites had the highest proportion of deaths due to infection and the Indian sites at had 

the largest percentage due to congenital anomalies (17.7%). More than a quarter of the 

deaths at the African sites were due to asphyxia and about one-third of the deaths in Pakistan 

were due to prematurity.

We also analysed the cause of death in relation to the day of death. Prematurity and 

asphyxia-related deaths were more common on the first day of life, at 46.7% and 52.9%, 

respectively, while most deaths due to infection (86.9%) occurred after the first day of life 

(Figure 4).

Finally, we compared the results obtained through the Global Network COD algorithm and 

the clinician assigned cause of death. This showed that the clinicians and the algorithm 

agreed on the cause of death in 58% of cases and that the overall Kappa was 0.46, with a 

95% confidence interval (CI) of 0.44–0.48), which was a moderate agreement between the 
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clinician and algorithm assigned causes of death. The data are presented for each specific 

cause of death in Table 2. Congenital anomalies showed a substantial agreement (0.73, 95% 

CI 0.69–0.76), while infections, prematurity, asphyxia and unknown causes showed a 

moderate agreement. The proportion of deaths that were classified as unknown was lower in 

the Global Network system (5.4%) than the clinician-based determination of cause of death 

(15.1%). The proportion of clinicians who described the cause of death as don’t know or 

other ranged from 2% in Guatemala to nearly 50% in Kenya. Using the Global Network 

system, the proportion of unknown causes ranged from 5% to 7% for all sites, except 

Guatemala (1.3%) (data not shown).

DISCUSSION

We found that at all sites, nearly three-quarters of the deaths were attributed to infections, 

complications of prematurity and asphyxia irrespective of the number of live births, the 

neonatal mortality rate or the proportion of births occurring at home.

Approximately 10% of the deaths were attributed to congenital anomalies, ranging from 

about 18% of the deaths at the Indian sites to less than 5% at the African sites. The higher 

rate of anomalies at the Indian site has previously been reported. One study from this region 

in India observed a high rate of pregnant women (24%) who were in consanguineous 

partnerships, which increased the risk of birth defects (26).

When we used the Global Network Cause of Death algorithm to analyse data from this 

population-based community study, we found that the distribution of the causes of neonatal 

death were similar to that reported in the literature for the four main causes (3,26–28).

We found that deaths assigned to prematurity and asphyxia generally occurred earlier in the 

neonatal period and that infection-related deaths occurred later, which was also consistent 

with previous reports (29). The algorithm also revealed differences in the proportion of 

deaths assigned to different causes between the various sites.

The findings also showed some discrepancies between the algorithm and clinician-assigned 

cause of death and using the Global Network System reduced the number of deaths 

classified as unknown. The wide variation in rates of unknown causes between the sites was 

also reduced using the Global Network algorithm. The reasons for the differences in the 

types of causes, and the discrepancies between the algorithm and clinician-assigned cause of 

death, are unknown at this time.

Our study had several limitations. We recognise that this algorithm necessarily provides a 

simplification of the cause of death and that subtle or rare causes of neonatal death will be 

missed. In addition, a validation assessment of our algorithm would further strengthen it. 

However, determining a gold standard is challenging and, even when hospital-based cause of 

death data are available, the quality of the cause of deaths assignment in such settings needs 

to be carefully evaluated. Given these limitations, the Global Network Cause of Death 

algorithm provides data to inform the major causes and proportions of neonatal death.
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The major strengths of this method were the consistency and transparency, with the ability to 

provide comparability across time or regions with minimal burden on the healthcare system. 

The algorithm uses major causes of death that have been well established and are commonly 

used for cause of death classifications, especially in low-resource settings. These attributes 

make this algorithm potentially useful, both for research and for public health policy 

purposes. In addition, our study employed the same methodology in different settings, 

allowing us to compare the cause of deaths profiles between them. The interpretation was 

not based on the physician’s assignment and this avoided subjectivity during the diagnosis. 

The algorithm assigns a single cause of death, taking advantage of the hierarchical structure 

of the cause of deaths determination.

Implications

Other cause of death methodologies have used verbal autopsies conducted at community 

levels and these have been combined with physician’s interpretations and consensus, 

machine learning or generating a set of probabilities of the cause of death. These methods 

can be subjective and have a number of disadvantages, depending on how and where they 

are implemented. Verbal autopsy can be time-consuming and costly and individual 

physicians are likely to classify the cause of death differently (30). The high proportion of 

neonatal deaths that are classified as unknown is also a major limitation of existing systems 

that limits how useful they are when it comes to informing interventions.

A reliable and reproducible classification system for the cause of neonatal deaths can 

advance research and inform public health strategies aimed at reducing neonatal mortality. 

The Global Network Cause of Death algorithm uses minimal, basic data from the mother, 

family or lay-health providers to determine the causes of the majority of neonatal deaths. 

Laboratory tests, placental examinations and autopsies are not necessary. This information 

can be used to analyse associations and generate hypotheses, and provide the basis for the 

design of future interventions. In addition, given the reliance of the system on minimal data, 

it should be feasible to use this system in broader clinical settings. Nevertheless, collecting 

the data for use in the algorithm requires some resources and ultimately requires a system 

that values knowledge about the causes of neonatal death in that setting. If the system can 

provide information on the distribution of causes of neonatal death, and that information can 

help to develop interventions that reduce deaths from certain conditions, that should increase 

the value that policy makers and clinicians place on the registration system.

CONCLUSION

We developed the Global Network Cause of Death algorithm to classify causes of neonatal 

deaths and our findings indicate that it suitable for use across low-resource settings. It can be 

used to inform and provide a direction for public health strategies that reduce neonatal 

mortality. In these areas, where most of the global neonatal mortality occurs, the reliable and 

reproducible classification of maternal, fetal and neonatal death is needed, both to advance 

research and to inform public health strategies to reduce pregnancy-related mortality. A 

reliable system to determine cause of death will ultimately serve to inform the public health 

strategies necessary to reduce the high maternal, fetal and newborn mortality burden in low-
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resource settings and assess the effects of interventions. The overall findings were consistent 

with other published studies on the causes of neonatal death in LMIC (1,2).
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Key Notes

• We estimated the causes of neonatal death by using the Global Network 

algorithm in six low-resource countries: India, Pakistan, Guatemala, the 

Democratic Republic of Congo, Kenya and Zambia.

• A third (33.1%) of the 3,068 neonatal deaths were due to suspected infection, 

30.8% to prematurity, 21.2% to asphyxia and 9.5% to congenital anomalies.

• The algorithm provided a reliable cause of neonatal death in low-resource 

settings and could help to reduce mortality.
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Figure 1. 
Global Network cause of neonatal death algorithm
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Figure 2. 
Screening and enrollment diagram
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Figure 3. 
Cause of neonatal deaths, overall and by region, by Global Network sites 2014–2016
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Figure 4. 
Day of death per specific cause of death

Garces et al. Page 14

Acta Paediatr. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garces et al. Page 15

Ta
b

le
 1

C
ha

ra
ct

er
is

tic
s 

of
 b

ir
th

s 
an

d 
de

at
hs

 a
t m

or
e 

th
an

 2
0 

w
ee

ks
 o

f 
ge

st
at

io
n 

by
 r

eg
io

n,
 2

01
4–

20
16

To
ta

l
A

fr
ic

a
In

di
a

P
ak

is
ta

n
G

ua
te

m
al

a

D
el

iv
er

ie
s,

 n
12

2,
79

9
40

,8
24

39
,6

76
22

,3
24

19
,9

75

D
el

iv
er

y 
lo

ca
tio

n 
al

l b
ir

th
s,

 n
 (

%
)

 
H

os
pi

ta
l

52
,6

37
 (

42
.9

)
7,

57
3 

(1
8.

6)
25

,8
93

 (
65

.3
)

8,
31

7 
(3

7.
3)

10
,8

54
 (

54
.3

)

 
C

lin
ic

42
,5

04
 (

34
.6

)
23

,3
72

 (
57

.3
)

12
,7

50
 (

32
.1

)
6,

18
9 

(2
7.

7)
19

3 
(1

.0
)

 
H

om
e/

ot
he

r
27

,6
57

 (
22

.5
)

9,
87

9 
(2

4.
2)

1,
03

3 
(2

.6
)

7,
81

7 
(3

5.
0)

8,
92

8 
(4

4.
7)

N
eo

na
ta

l d
ea

th
s 

<
 2

8 
da

ys
, n

 (
ra

te
/1

,0
00

)
3,

06
8 

(2
5.

5)
65

3 
(1

6.
3)

84
8 

(2
1.

7)
1,

03
1 

(4
7.

8)
53

6 
(2

7.
2)

D
el

iv
er

y 
lo

ca
tio

n 
fo

r 
ne

on
at

al
 d

ea
th

s,
 n

 (
%

)
3,

06
8

65
3

84
8

1,
03

1
53

6

 
H

os
pi

ta
l

1,
48

9 
(4

8.
5)

15
0 

(2
3.

0)
61

0 
(7

1.
9)

37
8 

(3
6.

7)
35

1 
(6

5.
5)

 
C

lin
ic

84
3 

(2
7.

5)
33

5 
(5

1.
3)

19
5 

(2
3.

0)
30

8 
(2

9.
9)

5 
(0

.9
)

 
H

om
e/

ot
he

r
73

6 
(2

4.
0)

16
8 

(2
5.

7)
43

 (
5.

1)
34

5 
(3

3.
5)

18
0 

(3
3.

6)

Sk
ill

ed
 a

tte
nd

an
ce

 f
or

 n
eo

na
ta

l d
ea

th
s,

 n
 (

%
)

 
Sk

ill
ed

2,
05

4 
(6

7.
0)

44
1 

(6
7.

6)
81

5 
(9

6.
1)

43
3 

(4
2.

1)
36

5 
(6

8.
1)

 
U

ns
ki

lle
d

1,
01

1 
(3

3.
0)

21
1 

(3
2.

4)
33

 (
3.

9)
59

6 
(5

7.
9)

17
1 

(3
1.

9)

Acta Paediatr. Author manuscript; available in PMC 2018 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garces et al. Page 16

Table 2

Comparison of cause of death assigned by the Global Network algorithm and by the clinician

Cause of neonatal death Assigned by 
clinician, n (%)

Assigned by 
algorithm, n (%)

Assigned by both 
clinician and 
algorithm n (%)1

Cohen’s Kappa (95% confidence 
Interval)

Congenital anomaly 187 (6.2) 287 (9.4) 178 (5.8) 0.73 (0.69 – 0.76)

Infection 543 (17.9) 1,001 (33.1) 450 (14.8) 0.45 (0.42 – 0.48)

Prematurity 892 (29.5) 932 (30.8) 574 (18.9) 0.46 (0.43 – 0.50)

Asphyxia 947 (31.3) 641 (21.2) 480 (15.8) 0.47 (0.43 – 0.50)

Unknown 454 (15.0) 162 (5.3) 101 (3.3) 0.27 (0.23 – 0.30)

Total 3,023 (100.0) 3,023 (100.0) 1,783 (58.9) 0.46 (0.44 – 0.48)

1
Percentages were estimated dividing the number of cases where there was agreement by the total sample size (n = 3,023)
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Abstract

Informed consent is the heart of ethical research. For any consent to be ethically valid, it should meet certain
critical criteria— disclosure and understanding of relevant information, decision making competency of the
participants, voluntariness of the decision and documentation of the agreement. Meeting all these criteria to obtain
ethically valid consent from laboring women while conducting intrapartum trials is challenging because there is
little time available during labor to provide study specific information necessary for the participant to understand
and decide to sign the consent form. Moreover, women during labor may be anxious and distressed due to labor
pains which is thought to interfere with the capacity to make decisions in some cases. Emphasis on these concerns
may ultimately lead to the exclusion of many eligible women in labor from intrapartum clinical trials. In this paper,
we discuss the ethical challenges and also the proposed recommendations to obtain ethically valid consent from
women for conducting intrapartum clinical trials.

Keywords: Intrapartum clinical trial, Informed consent, Ethical issues

Case background
Postpartum hemorrhage (PPH) is defined as blood loss
of 500 ml or more within 24 h of delivery. Blood loss of
more than 1000 ml is considered severe PPH. Atonic
PPH is the most common cause of maternal mortality
and morbidity in low income countries, particularly in
Africa and Asia where PPH contributes to 30% of mater-
nal deaths [1]. Maternal mortality and morbidity due to
atonic PPH can be prevented by the use of prophylactic
uterotonic agents during the active management of the
third stage of labor. Though oxytocin injection is the
ideal uterotonic for this purpose, the requirement of
strict cold storage for maintaining its efficacy prevents it
from being used in many low- and middle-income trop-
ical country settings. Carbetocin room temperature
stable (RTS) has been considered to be a promising
intervention for reducing PPH in settings where cold
storage is difficult to maintain.

A recent Phase III trial aims to evaluate the effective-
ness of carbetocin RTS 100 μg intramuscular (IM)
compared to oxytocin 10 IU,IM in preventing PPH in
vaginal deliveries [2]. Women with singleton pregnancy
expecting to deliver vaginally were approached early in
labor (≤6 cm of cervical dilatation) for participation and
written informed consent was taken. The main objective
of this trial is to determine if carbetocin RTS is similar
in efficacy to oxytocin in preventing PPH.
The entire consenting process was audio-visual (A-V)

recorded and only eligible women who consented to A-V
recording were recruited in to the trial. The issue of A-V
recording the informed consent process is unique and
applicable only in India. In 2015, the Drug Controller
General of India (DCGI) amended the earlier regulation
and made A-V recording of the informed consent process
mandatory for trials involving vulnerable population and
trials related to new drugs [3].
All eligible consented women were randomly assigned

to receive either a single dose of oxytocin 10 IU,IM or a
single dose of carbetocin RTS 100 μg,IM at the second
stage of labor when vaginal delivery was imminent.
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Placental delivery in all women was conducted by con-
trolled cord traction immediately after cord clamping
and blood loss was measured using the BRASS-V blood
collection drape for 1 h following delivery.

Ethical discussion
Obtaining ethically valid consent from laboring women
while conducting intrapartum trials is challenging
because there is little time available during labor to pro-
vide study specific information necessary for the partici-
pant to understand and decide to sign the consent form.
Moreover, women during labor may be anxious and dis-
tressed due to labor pains which is thought to interfere
with the capacity to make decisions in some cases.
Emphasis on these concerns may ultimately lead to the
exclusion of many eligible women in labor from intra-
partum clinical trials.
The two main ethical issues regarding the consent process

for intrapartum trials addressed in this case study are:

1. Exclusion of women in the active stage of labor with
cervical dilatation of more than 6 cm

Women in the active stage of labor with cervical dilation
of more than 6 cm were excluded on the grounds that
women would be too distressed due to labor pains to pro-
vide informed written consent. The ability of a woman in
labor to understand new information and to make an
informed decision varies widely. The nature of the intrapar-
tum complication being studied in the trial also determines
the time available for providing informed consent. Despite
arguments questioning the competency of laboring women
to give informed written consent late in labor, there is
evidence that most anticipated variables—e.g. labor pains,
duration of labor, anxiety, and opioid analgesics—may not
interfere with the ability of women in labor to understand
the information provided to them and make decisions [4].
Many women with these conditions are still capable of
giving their own consent: it should not be assumed that they
lack capacity. Hence denying women in labor from inclusion
in the trial based only on the cervical dilatation cutoff of
≤6 cm (early labor) is scientifically and ethically incorrect.
There is also a recommendation in the literature to

consider the obstetric care provider (doctor/midwife) as
the “gatekeeper” to assess the physical and emotional
state of the laboring woman. The pregnant woman’s
competency depends upon many variables and this
recommendation allows for determination of her ability
to provide consent on an individual basis [5]. Allowing
the healthcare provider to act as a gatekeeper could be a
novel alternative approach.

2. A-V recording of consent process for intrapartum
clinical trials in India

As per the DCGI regulation A-V recording of consent is
mandatory only for trials involving vulnerable populations
and trials related to new drugs. It has not been determined
whether pregnant women constitute a vulnerable popula-
tion in India [6]. However, in the present study, A-V
recording of the consent process was done because the
clinical trial involved carbetocin which is a new drug in
India. A-V recording might add to the anxiety and distress
of laboring women and may also make them feel vulner-
able with respect to maintaining privacy and confidential-
ity. This could discourage women from participating in
intrapartum clinical trials.

Conclusions
There is a need to develop a standard outline of the intra-
partum consent process with optional elements that can
be adjusted depending upon the type of the trial and the
participants. We propose the following recommendations:

1. Intrapartum women who have received the relevant
trial information and signed the informed consent
antenatally should be eligible to reconfirm and sign
the consent during any stage of labor as long as they
remain eligible and competent to provide consent.
In acute circumstances, such women may also be
allowed to provide oral consent at the time of
complication supplemented by signing the written
consent at a later stage [7, 8].

2. Intrapartum women who have not received the trial
information antenatally should be eligible to sign
informed consent in early labor (≤6 cm of cervical
dilatation). Such women may still be allowed to sign
informed consent even late in labor (≥6 cm of
cervical dilatation), provided they are considered
competent to provide consent by the obstetric care
provider (doctor/midwife), taking into account their
individual physical and emotional status.

3. There should be a waiver for A-V recording of the
consent process for all intrapartum trials keeping in
mind the socio cultural factors prevailing in India
and also the need to protect the privacy of laboring
women.

Abbreviations
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Abstract

Purpose: Transsphenoidal surgery (TSS) is the primary treatment modality for Cushing’s 

disease (CD). However, the predictors of post-operative remission and recurrence remain 

debatable. Thus, we studied the post-operative remission and long-term recurrence 

rates, as well as their respective predictive factors.

Methods: A retrospective analysis of case records of 230 CD patients who underwent 

primary microscopic TSS at our tertiary care referral centre between 1987 and 2015 

was undertaken. Demographic features, pre- and post-operative hormonal values, MRI 

findings, histopathological features and follow-up data were recorded. Remission and 

recurrence rates as well as their respective predictive factors were studied.

Results: Overall, the post-operative remission rate was 65.6% (early remission 46%; 

delayed remission 19.6%), while the recurrence rate was 41% at mean follow-up of 

74 ± 61.1 months (12–270 months). Significantly higher early remission rates were 

observed in patients with microadenoma vs macroadenoma (51.7% vs 30.6%, P = 0.005) 

and those with unequivocal vs equivocal MRI for microadenoma (55.8% vs 38.5%, 

P = 0.007). Patients with invasive macroadenoma had poorer (4.5% vs 45%, P = 0.001) 

remission rates. Recurrence rates were higher in patients with delayed remission than 

those with early remission (61.5% vs 30.8%, P = 0.001). Duration of post-operative 

hypocortisolemia ≥13 months predicted sustained remission with 100% specificity and 

46.4% sensitivity. Recurrence could be detected significantly earlier (27.7 vs 69.2 months, 

P < 0.001) in patients with available serial follow-up biochemistry as compared to those 

with infrequent follow-up after remission.

Conclusion: In our study, remission and recurrence rates were similar to that of reported 

literature, but proportion of delayed remission was relatively higher. Negative/equivocal 

MRI findings and presence of macroadenoma, especially those with cavernous sinus 

invasion were predictors of poor remission rates. In addition to early remission, longer 

duration of post-operative hypocortisolism is an important predictor of sustained 

remission. Regular biochemical surveillance may help in identifying recurrence early.
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Introduction

Cushing’s disease (CD) is a state of cortisol excess, caused 
by an ACTH-secreting pituitary adenoma. Although a rare 
disease with an annual incidence of 1.5 patients/million 
(1), it is associated with significant morbidity and mortality 
(2). Transsphenoidal surgery (TSS) of pituitary adenoma is 
the primary treatment modality, with varying remission 
rates (52–96.6%) reported across different centres (3). 
Various demographic, biochemical, radiological and 
histopathological features have been studied as predictors 
of remission following TSS. Amongst these, visualisation 
of adenoma on preoperative neuroradiography, tumour 
size, its invasiveness and histopathological confirmation 
of adenoma have been largely reported to be predictive of 
remission in various studies (4, 5, 6).

Recurrence of CD following remission after TSS is a 
well-recognised phenomenon and is reported to be as high 
as 15–66% in various long-term studies (7), emphasising 
the need for long-term follow-up. Understanding the 
predictors of sustained remission might help us to 
better strategise follow-up care of patients. Amongst 
the various factors studied, the presence of early post-
operative hypocortisolism and lack of response to 
CRH/desmopressin stimulation tests have been reported 
to be positive predictors of sustained remission (8, 9, 10).

In the current study, we report long-term follow-up of 
CD patients after first microscopic TSS. We aim to study 
the post-operative remission and long-term recurrence 
rates, as well as their respective predictive factors.

Subjects and methods

A retrospective analysis of case records of CD patients 
(n = 236) who underwent microscopic TSS as first line 
management at our tertiary care referral centre between 
1987 and 2015 was undertaken. Institutional ethics 
committee approval with a waiver of informed consent 
was obtained for this retrospective analysis. Excluding 6 
patients for whom early post-operative hormonal values 
were not available, data of 230 CD patients were analysed.

Baseline demographic features, pre- and post-operative 
hormonal values, MRI findings and histopathological 
features were recorded. Endogenous hypercortisolism was 
defined as serum cortisol >1.8 µg/dL after standard two 
days low-dose dexamethasone suppression test (0.5 mg 
dexamethasone every 6 h for 2 consecutive days) ± sleeping 
midnight serum cortisol >5 µg/dL (11). ACTH dependency 
was confirmed by basal plasma ACTH >10 pg/mL. 

After  biochemical confirmation, patients underwent 
dynamic contrast enhanced MRI (1.5T) pituitary. Since 
2009, volume-interpolated 3D spoiled gradient-echo 
(VI-SGE) MR sequences have been used additionally 
(12). For patients with negative/equivocal MRI findings, 
inferior petrosal sinus sampling (IPSS) was done to confirm 
the central source of ACTH secretion (CRH-stimulated 
central: peripheral ACTH ratio >3; unstimulated central: 
peripheral ACTH ratio >2) (13). Patients with negative/
equivocal MRI findings or adenomas ≤10 mm were 
classified as microadenomas, whereas adenomas >10 mm 
were categorised as macroadenomas. For macroadenomas, 
the Knosp classification system was applied, and grades 3 
and 4 lesions were categorised as invasive (14).

TSS was performed successively by two experienced 
neurosurgeons, one prior to 1999, and other from that 
year on. Selective transsphenoidal adenomectomy was 
the primary surgical approach followed by both the 
surgeons. Peri-operatively, patients received intravenous 
hydrocortisone (50 mg 6 h) on the day of surgery, 
which was replaced with oral prednisolone tablet (5 mg 
once a day in morning) on second and third post-
operative day. Morning 08:00 h serum cortisol ± plasma 
ACTH was documented in first post-operative week 
(usually fifth day, 48 h after last prednisolone dose). 
Patients having 08:00 h serum cortisol <5 µg/dL were 
considered hypocortisolemic, and were continued 
steroid replacement (oral prednisolone 5 mg once a day). 
Patients with serum cortisol ≥5 µg/dL were given steroid 
replacement, only if they had symptoms attributable to 
hypocortisolism. All patients were advised regarding the 
need of stress dosage of steroids during periods of inter-
current illnesses (if any). Initial post-operative follow-up 
visits were on a quarterly basis. On follow-up, 08:00 h 
serum cortisol was documented, and if it was ≥5 µg/dL, 
1 mg overnight dexamethasone suppression test (ODST) 
was performed. Overall, patients were categorised into 
three groups – early remission, delayed remission and 
persistent disease. Early remission was defined as achieving 
early post-operative (usually fifth day) hypocortisolism 
(08:00 h serum cortisol <5 µg/dL) (7). Delayed remission 
was defined as early post-operative 08:00 h serum cortisol 
≥5 µg/dL, but achieving hypocortisolism (08:00 h serum 
cortisol <5 µg/dL) or eucortisolism (08:00 h serum cortisol 
≥5 µg/dL) and ODST serum cortisol ≤1.8 µg/dL) at initial 
follow-up visit (upto 6 months). Persistent disease was 
defined as early post-operative serum cortisol ≥5 µg/dL 
with documented hypercortisolism (ODST serum cortisol 
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>1.8 µg/dL) at initial follow-up visits. Patients in the 
remission group were followed up 6–12  monthly. For 
the analysis of disease recurrence, patients having a 
minimum follow-up of 12  months post surgery were 
included. The hormonal evaluation at follow-up visits 
included 08:00 h serum cortisol, ODST cortisol (done if 
08:00 h serum cortisol was ≥5 µg/dL), free thyroxine (FT4) 
and thyrotropin (TSH). Another hormonal evaluation for 
growth, puberty and sexual function was done if clinically 
indicated. Patients having 08:00 h serum cortisol <5 µg/dL 
were considered hypocortisolemic and were continued 
on steroid replacement (oral prednisolone 2.5–5 mg once 
a day). ACTH stimulation test was not performed due 
to non-availability of short-acting preparation of ACTH 
in India. Recurrence of the disease was defined as ODST 
serum cortisol >1.8 µg/dL in patients with prior remission.

Assays

Hormonal evaluation was radioimmunoassay based initially, 
and was later (after 1999) shifted to chemiluminescent 
assay. Cortisol was measured by a solid-phase competitive 
chemiluminescent enzyme immunoassay (Siemens 
Healthcare) with an analytical sensitivity of 0.2 µg/dL. 
The intra- and interassay coefficients of variability (CVs) 
of the cortisol assay were 6.9% and 7.3%, respectively. 
ACTH was measured by a solid-phase, two-site sequential 
chemiluminescent assay (Siemens Healthcare). The intra- 
and interassay CVs were 9.6% and 8.8%, respectively, and 
the sensitivity was 0.5 pg/mL.

Statistical analysis

Qualitative data were represented in the form of frequency 
and percentage. Association between qualitative variables 
was assessed by the chi-square test with continuity 
correction and Fisher’s exact test when required. 
Quantitative data were represented using mean ± s.d. 
(standard deviation). Analysis of quantitative data 
between the two groups was carried out using unpaired 
t-test/Mann–Whitney test, while one-way ANOVA test was 
used for comparing >2 groups. Analysis of recurrence on 
longitudinal evaluation was carried out by the Kaplan–
Meier method. Receiver-operator characteristic (ROC) 
analysis was performed to find the optimal cut-off point for 
the duration of hypocortisolism in predicting recurrence 
in patients having remission. For all statistical tests, 
P < 0.05 was considered significant. Statistical analysis was 
performed using software IBM SPSS Statistics, version 23.0.

Results

Remission

In our cohort of 230 CD patients, the overall remission rate 
after first TSS was 65.6% (early remission rate: 46%, n = 106; 
delayed remission rate: 19.6%, n = 45), while 79 (34.4%) 
patients had persistent hypercortisolism. As shown in 
Table 1, a comparison of clinical, biochemical, radiological 
and histopathological characteristics of the three sub-
groups (patients with early remission, delayed remission 
and persistent hypercortisolism) revealed no significant 
differences except for the radiological characteristics. 
Patients with microadenomas had significantly higher 
(51.7% vs 30.6%, P = 0.005) rates of early remission, and 
lesser (28.6% vs 50%, P = 0.005) rates of persistent disease, 
as compared to patients with macroadenoma. However, 
the proportion of patients achieving delayed remission 
was similar (19.7% vs 19.4%, P = 0.124) amongst patients 
with microadenoma and macroadenoma. On the sub-
analysis of patients with macroadenoma, patients with 
invasive tumours had significantly lower (4.5% vs 45%, 
P < 0.001) rates of early remission, and had higher (77.3% 
vs 35%, P < 0.001) rates of persistent disease, as compared 
to patients with non-invasive tumours. On the sub-
analysis of patients with microadenoma, patients with 
unequivocal visualisation of adenoma on MRI had higher 
rates of early remission (55.8% vs 38.5%, P = 0.007), 
and lower rates of persistent disease (23.3% vs 46.1%, 
P = 0.007) as compared to those with negative/equivocal 
findings. Amongst patients with microadenoma, early 
remission (53.1% vs 43.5%, P = 0.683), delayed remission 
(19.3% vs 21.7%, P = 0.683) and disease persistence rates 
(27.6% vs 34.8%, P = 0.683) were similar in patients with 
histopathologically proven adenoma as compared to 
those with negative histopathological findings.

Recurrence

Of 151 patients achieving remission, long-term follow-up 
(≥12  months post-surgery) data were available for 117 
patients (91 with microadenoma, 26 with macroadenoma), 
who were included in the analysis for disease recurrence. 
Out of these 117 patients, 78 patients had early post-
operative remission, while 39 patients had delayed 
remission. At mean follow-up of 74 ± 61.1 months (range: 
12–270 months) post-surgery, the overall recurrence rate 
was 41% (48/117), and mean time to recurrence was 
37.2 ± 27.8 (8–96) months. The Kaplan–Meier analysis for 
recurrence-free survival is shown in Fig. 1.
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There was no significant difference in either 
recurrence rate (38.46% vs 50%, P = 0.367) or mean time 
to recurrence (36.9 ± 24.4 vs 38.08 ± 18.2 months, P = 0.88) 
when patients with microadenoma were compared to 
those with macroadenoma. The patients with early 

remission had a significantly lower recurrence rate (30.8% 
vs 61.5%, P = 0.001), with a trend towards later time to 
recurrence (mean time to recurrence of 41.9 ± 26.5 months 
vs 32.7 ± 17.7  months, P = 0.176) as compared to those 
having delayed remission.

For analysing predictors of recurrence in each of the 
early and delayed remission groups, different demographic, 
biochemical, radiological and histopathological 
characteristics of patients with recurrence were compared 
to those having sustained remission (Table 2). Of these, 
some of the post-operative biochemical characteristics 
were found to be significantly different amongst these 
sub-groups.

Overall, there was no significant difference in early 
post-operative (day 5) serum cortisol levels between 
patients with recurrence vs those with sustained 
remission in both early and delayed remission groups. 
However, in the early remission group, a trend towards 
lower recurrence rate was observed in patients with early 
post-operative serum cortisol levels <1.8 µg/dL vs those 
with levels between 1.8 and 4.9 µg/dL (17.02% vs 36.36%, 
P = 0.124).

For calculation of duration of post-operative 
hypocortisolism/eucortisolism, the analysis was restricted 
to cohort of patients where the available longitudinal 
biochemical data could allow for the interpretation of 

Table 1 Predictors of remission for Cushing’s disease following first transsphenoidal adenomectomy.

 
 

Early remission 
(n = 106)

Delayed remission 
(n = 45)

Persistent disease 
(n = 79)

 
P value

Female:male ratio 3.8:1 (84/22) 2:1 (30/15) 2.16 (54/25) 0.144
Age at diagnosis in years (mean ± s.d. (range)) 27.3 ± 10.9 (7–60) 24.9 ± 10.5 (10–55) 27.3 ± 10.8 (10–53) 0.406
Duration of symptoms in years (mean ± s.d. (range)) 26.8 ± 22.4 (1–120) 24.2 ± 28 (3–144) 34.6 ± 32.4 (3–144) 0.071
Preoperative laboratory values (mean ± s.d.)     

08:00 h serum cortisol (ug/dL) 29.3 ± 13.1 32.8 ± 14.6 30.5 ± 12.1 0.342
Plasma ACTH (pg/mL) 93.2 ± 64.8 96.6 ± 65.7 89 ± 61.4 0.864
Sleeping midnight serum cortisol* (ug/dL) 21.2 ± 9.1 25.7 ± 10.3 25 ± 14.9 0.083
LDDS cortisol (ug/dL) 9.9 ± 11.5 22.6 ± 15.5 21.3 ± 11.8 0.528

Microadenoma (n = 168) 87/168 (51.7%) 33/168 (19.7%) 48/168 (28.6%) 0.005**
Macroadenoma (n = 62) 19/62 (30.6%) 12/62 (19.4%) 31/62 (50%)  
Macroadenomas (n = 62)     

With CSI (n = 22) 01/22 (4.5%) 04/22 (18.2%) 17/22 (77.3%) <0.001**
Without CSI (n = 40) 18/40 (45%) 08/40 (20%) 14/40 (35%)  

Microadenomas     
Equivocal (IPPS proven CD) (n = 39) 15/39 (38.5%) 06/39 (15.4%) 18/39 (46.1%) 0.007**
Unequivocal (n = 129) 72/129 (55.8%) 27/129 (20.9%) 30/129 (23.3%)  

Microadenomas     
Histopathologically     
Positive (n = 145) 77/145 (53.1%) 28/145 (19.3%) 40/145 (27.6%) 0.683
Negative (n = 23) 10/23 (43.5%) 05/23 (21.7%) 08/23 (34.8%)  

*Data for sleeping midnight serum cortisol were available in 146 patients; **P value significant only between early remission and persistent disease on 
post hoc analysis.
CSI, cavernous sinus invasion; IPSS, inferior petrosal sinus sampling; LDDS, low-dose dexamethasone suppression.

Figure 1
Kaplan–Meier curve showing recurrence-free survival of Cushing’s disease 
patients who are in remission after transsphenoidal adenomectomy.

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1530/EC-17-0175


This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International 
License.

Research P Bansal et al. Remission/recurrence in 
Cushing’s disease

En
d

o
cr

in
e 

C
o

n
n

ec
ti

o
n

s
6:629629–636

DOI: 10.1530/EC-17-0175
http://www.endocrineconnections.org © 2017 The authors

Published by Bioscientifica Ltd

approximate time points of transition in cortisol status. 
Mean duration of post-operative hypocortisolism was 
shorter amongst patients who recurred vs patients 
having sustained remission (early remission cohort: 
5.8 ± 3.2 months in the recurred group vs 18.5 ± 16.9 months 
in the sustained remission group, P < 0.001; delayed 
remission cohort: 6 ± 2.6  months in the recurred group 
vs 30 ± 16.9  months in the sustained remission group, 
P = 0.044) (Table  2). Post-operative hypocortisolism of 
≥7  months duration predicted sustained remission with 
72.5% sensitivity and 76.2% specificity (ROC analysis, 
Fig. 2). At a cut-off of ≥13 months, specificity of predicting 

sustained remission increased to 100% (with sensitivity 
of 46.4%). Duration of post-operative eucortisolism was 
apparently shorter (early remission: 29.2 ± 21.7  months 
vs 50.1 ± 60.1  months, P = 0.076; delayed remission: 
25.4 ± 12.5 months vs 48.6 ± 51 months, P = 0.337) amongst 
patients who recurred vs patients with sustained remission.

Time to recurrence As depicted in Fig. 1, in overall 
cohort, there was a constant decline (without clustering) 
in the percentage of patients with recurrence-free survival 
till 96  months of follow-up, after which the curve 

Table 2 Predictors of recurrence in patients achieving remission after transsphenoidal adenomectomy.

Early remission group (n = 78)

 Recurrence group (n = 24) Sustained remission group (n = 54) P value

Female:male ratio 3:1 (18/6) 5:1 (45/9) 0.534
Age at diagnosis in years (mean ± s.d.) 25.2 ± 9.9 27.1 ± 11.4 0.504
LDDS cortisol (ug/dL) (mean ± s.d.) 20.2 ± 14.1 19.7 ± 11.5 0.897*
Tumour size at baseline    

Microadenoma, (n = 62) 18/62 (29%) 44/62 (71%) 0.552
Macroadenoma, (n = 16) 06/16 (37.5%) 10/16 (62.5%)  

Macroadenomas (n = 16)    
With CSI (n = 1) 00/01 01/01 (100%) 1.00
Without CSI (n = 15) 06/15 (40%) 09/15 (60%)  

Microadenomas (n = 62)    
Equivocal (IPPS proven CD) (n = 07) 04/07 (57.1%) 03/07 (42.9%) 0.179
Unequivocal (n = 55) 14/55 (25.5%) 41/55 (74.5%)  

Microadenomas (n = 62)    
Histopathology positive (n = 53) 15/53 (28.3%) 38/53 (71.7%) 0.711
Histopathology negative (n = 9) 03/09 (33.3%) 06/09 (66.7%)  

Post-surgery day 5 cortisol (µg/dL) (mean ± s.d.) 1.9 ± 1.3 1.5 ± 0.9 0.222
Duration of hypocortisolism in months (mean ± s.d. (range)) 5.8 ± 3.2 (2–12) (n = 15) 18.5 ± 16.9 (2–92) (n = 51) <0.001
Duration of eucortisolism in months (mean ± s.d. (range)) 29.2 ± 21.7 (9–84) (n = 14) 50.1 ± 60.1 (2–250) (n = 36) 0.076

Delayed remission group (n = 39)

 Recurrence group (n = 24) Sustained remission group (n = 15) P value

Female:male ratio 1.67 (15/9) 1.5 (9/6) 1.000
Age at diagnosis in years (mean ± s.d.) 23.1 ± 8.5 27.7 ± 13.8 0.210
LDDS cortisol (ug/dL) (mean ± s.d.) 22.9 ± 14.9 21.8 ± 16.5 0.850*
Tumour size at baseline    
Microadenoma, (n = 29) 17/29 (58.6%) 12/29 (41.4%) 0.711
Macroadenoma, (n = 10) 07/10 (70%) 03/10 (30%)  
Macroadenomas (n = 10)    

With CSI (n = 04) 03/04 (75%) 01/04 (25%) 1.00
Without CSI (n = 06) 04/06 (66.7%) 02/06 (33.3%)  

Microadenomas (n = 29)    
Equivocal (IPPS proven CD) (n = 05) 03/05 (60%) 02/05 (40%) 1.00
Unequivocal (n = 24) 14/24 (58.3%) 10/24 (41.7%)  

Microadenomas (n = 29)    
Histopathology positive (n = 25) 14/25 (56%) 11/25 (44%) 0.622
Histopathology negative (n = 4) 03/04 (75%) 01/04 (25%)  

Post-surgery day 5 cortisol (µg/dL) (mean ± s.d. (range)) 16 ± 11.5 (5.1–50) 15.4 ± 10.6 (5.09–38) 0.873
Duration of hypocortisolism (months) (mean ± s.d. (range)) 6 ± 2.6 (3–9) (n = 6) 30 ± 16.9 (12–48) (n = 5) 0.044
Duration of eucortisolism (months) (mean ± s.d. (range)) 25.4 ± 12.5 (5–48) (n = 18) 48.6 ± 51 (12–192) (n = 12) 0.337

*Other preoperative hormonal tests (08:00 h serum cortisol, sleeping midnight serum cortisol) were also not significantly different.
CSI, cavernous sinus invasion; IPSS, inferior petrosal sinus sampling; LDDS, low-dose dexamethasone suppression.
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plateaus. Out of 48 patients with recurrence, serial data on 
biochemical evaluation at regular follow-up visits (at least 
once in two years) were available for 33 patients, while in 
remaining 15 patients, follow-up was less frequent with 
no intervening biochemistry available to analyse precise 
time of recurrence. The mean time to recurrence for the 
former group of 33 patients was 27.7  months (median: 
26 months, range: 8–60 months), with 84.38% patients 
recurring within first 3 years after surgery and rest (15.62%) 
recurring in next 2 years. No recurrences were observed 
after 5 years of surgery in this group. For the latter group 
of 15 patients with intermittent and infrequent follow-
up, time to recurrence was significantly longer (mean: 
69.2 months; median: 72 months; range: 48–96 months) 
as compared to the former group of 33 patients (P < 0.001).

Site of recurrence Amongst the patients with 
recurrence, both pre-surgical and follow-up pituitary 
MRI scans (at the time of disease recurrence) were 
available for comparison in 40 patients (macroadenoma 
(n = 11), microadenoma (n = 29, 22 with unequivocal 
and 7 with equivocal findings)). Out of 11 patients 
with macroadenomas, follow-up scans at the time of 
recurrence revealed adenoma in the same sellar location 

(as baseline scan) in 10 patients, while it was not visualised 
in one patient. In patients with unequivocal visualisation 
of microadenoma, recurrent adenoma was found in the 
same sellar location (as seen in baseline scan) in 50% 
(11/22) of patients while in the remaining patients, it was 
not visualised clearly.

Discussion

Remission rates

A wide range of post-operative remission rates of CD  
(52–96.6%) have been reported from different centres (3). 
The use of different definitions of remission criteria, in terms 
of time of post-surgical assessment and cut-offs of serum 
cortisol levels in various studies, might partly account for 
the reported variation in remission rates. The recent clinical 
practice guidelines have recommended the use of morning 
serum cortisol <5 µg/dL (hypocortisolism) in first week post 
surgery to define early remission (7). Using this criterion, 
in the current study, we found an overall remission rate of 
65.6%, which falls within the range reported in literature. 
In our study, we found that 19.6% of the patients achieved 
delayed remission (eu- or hypocortisolism) in first 6 months 
post-surgery. The phenomenon of delayed remission is well 
recognised and reported to be 5.6–10% across different 
centres (15, 16, 17). Although the delayed remission rate 
observed in our study seems apparently higher than that 
reported in most other studies (5.6% in the study by Valassi 
and coworkers (17), 7.7% in the study by Pereira and 
coworkers (15)), we believe the variation in the definitions 
of early and delayed remissions used across studies might 
account for the observed differences. Valassi and coworkers 
(17) have grouped patients with post-operative eu- and 
hypocortisolism in the early remission group, while in 
our study, only hypocortisolemic patients constituted this 
group, thus making the denomination for the calculation 
of delayed remission rate different. Unlike our study 
criteria, Pereira and coworkers (15) reported delayed 
(at  3  months post-surgery) remission in 6/78 (7.7%) 
patients using stricter criteria of serum cortisol <1.8 µg/
dL. This observation emphasises the need for defining 
uniform criteria of delayed remission to be used across 
centres. Proposed hypotheses for delayed remission include 
late necrosis of residual pituitary tumour tissue, declining 
adrenal autonomy or cortisol cyclicity and need to be 
studied in future (17).

Figure 2
Receiver–operator characteristic curve showing duration of 
hypocortisolism as a predictor of recurrence.
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Predictors of remission

Studying factors affecting remission is important to 
predict prognosis of patients undergoing TSS. Table  3 
lists studies that have statistically analysed predictors 
for remission following primary microscopic TSS in CD 
(adult ± paediatric) patients. Similar to that reported in 
most previous studies, in the current study, we found 
that none of the clinical or biochemical parameters had a 
predictive value for remission (Table 3).

Size of the adenoma (microadenoma vs 
macroadenoma) noted on neuroradiographic (MRI/CT) 
and/or surgical findings has been studied as a predictor 
for remission. As evident from Table  3, most of the 
studies reported macroadenoma to have similar or poorer 
outcomes as compared to microadenoma. Better surgical 
outcome for microadenoma observed in our study is in 
accordance with the recent meta-analysis (45), which 
reports significantly higher remission rates for patients 
with microadenoma than those with macroadenoma 
(83% vs 63%). Blevins and coworkers (24) proposed 
that this difference in remission rates may be due to 
varying tumoural biological behaviour (i.e. size and/or 
invasiveness). Poor remission rates for macroadenoma, 
especially for those with cavernous sinus invasion observed 
in our study group, further support this contention.

In our series, surgical results of patients with 
MRI-visible microadenoma were significantly better 
than those with IPSS-proven CD patients with negative/
equivocal MRI findings. Visualisation of pituitary 
adenoma on pre-surgical imaging has been reported to 
have a better outcome in various studies (including ours), 
while others achieved comparable results irrespective of 
adenoma visualisation (Table 3). Differing methodological 
factors across various studies like sensitivity of imaging 
modalities used (CT vs MRI), confirmation of central 
origin with IPSS, inclusion of macroadenoma patients in 
sub-analysis and extent of neurosurgery performed in the 
absence of visible adenoma might account for the varying 
outcome across studies (4, 18, 25, 26). Use of sensitive MRI 
techniques like VI-SGE sequences is expected to enhance 
adenoma detection rate and may result in better outcomes 
(12). However in MRI-negative/equivocal cases, optimal 
surgical strategy (extent of exploration and resection) still 
needs further research.

Histopathological confirmation of an adenoma has 
been reported as a predictor of better remission rates in 
most of the studies, while others, like our study, have 
found no differences in the outcome. Patients achieving 
remission despite negative histology can possibly be 

explained by in-situ necrosis and vascular damage of 
the adenoma following surgical exploration, loss of 
tissue in suction or tissue being missed on pathological 
sections (46).

Recurrence and its predictors

Overall recurrence rate (41%) after first TSS in our 
study falls within the broad range (15–66%) as reported 
in literature (7). As observed in our study, majority 
of the past studies (6, 37, 50, 52) have reported that 
baseline demographic, hormonal, neuroradiological and 
histopathological findings do not have a predictive value 
for recurrence. Amongst the various factors studied, post-
operative cortisol dynamics seem to be a most important 
predictive factor for recurrence (Table 4).

Early remission vs delayed remission In our study, 
patients with delayed remission had higher recurrence 
rate than patients with early remission (61.5% vs 30.8%, 
P = 0.001). This finding is similar to that of Valassi and 
coworkers (17) who reported 43% recurrence rate in 
patients with delayed remission as compared to 14% in 
the early remission group (P = 0.02). It can be speculated 
that the residual tumour cells undergoing gradual 
vascular insult (over weeks) that may be responsible for 
the phenomenon of delayed remission are more likely 
to recover later (over months to years) and account for 
observed higher recurrence rate.

Degree of early post-operative 
hypocortisolism Complete removal of ACTH-secreting 
pituitary adenoma is expected to result in low-circulating 
ACTH and cortisol levels due to prolonged suppression of 
normal corticotrophs. Hence, achieving immediate post-
surgical hypocortisolism has been recognised as the goal 
of successful TSS. Further parameters of post-operative 
hypocortisolism in terms of its degree and duration have 
been studied as predictors of recurrence (Table  4). In 
our study, we did not find degree of hypocortisolism to 
have a significant predictive value, but observed a trend 
towards lower recurrence rates in patients with early 
remission who have serum cortisol <1.8 µg/dL vs those 
with 1.8–4.9 µg/dL. While few of the earlier studies have 
reported significantly lower recurrence rates in patients 
with greater degree of hypocortisolism, they have used 
higher cut-off of >5 µg/dL to define hypocortisolism 
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(8, 49, 51). However, more recent studies using cut-off of 
<5 µg/dL to define hypocortisolism (similar to cut-off in 
the current study) have reported no significant difference 
in recurrence rates in patients with serum cortisol nadir 
<2 µg/dL vs 2–4.9 µg/dL, which is similar to our findings 
(9, 15, 25, 36).

One of the limitations of our study is the absence of data 
on post-operative stimulation tests (CRH, desmopressin) 
as these tests were not routinely performed. Nevertheless, 
these stimulation tests in the early post-operative period 
have not been shown to have any additional benefit in 
predicting long-term remission status over that of early 
post-operative basal cortisol levels (7).

Duration of post-operative hypocortisolism  
Unlike degree of post-operative hypocortisolism, its 
duration remains an under acknowledged predictor of 
long-term remission. Earliest indication of its predictive 
value was given in 1979 by Pont and coworkers (53), who 
speculated that the need for early withdrawal of steroid 
replacement therapy could be a clue to disease recurrence. 
Later, Bochicchio and coworkers (4) have reported that 
97% of the patients requiring glucocorticoid replacement 
therapy for more than one year duration had sustained 
remission at mean follow-up of 5 years. In the current study, 
we found longer duration of post-operative hypocortisolism 

to be a positive predictor of sustained remission with a 
duration ≥13  months, predicting remission with 100% 
specificity (at sensitivity of 46.4%) over a mean follow-up 
of 74 months. In a similar study, Alexandriki and coworkers 
(39) reported that the absence of HPA axis recovery within 
12  months post-surgery predicted sustained remission 
with specificity of 89.1% (at sensitivity of 64.7%). In 
contrast to these studies, Dimopoulou and coworkers (41) 
did not find a significant difference in the mean duration 
of hypocortisolemia in patients with and without disease 
recurrence (32  months vs 48  months). Differences in 
definitions of recovery of adrenocortical function (normal 
response to ACTH stimulation test) and disease recurrence 
(elevated 24-h UFC/LDDS cortisol ≥5 µg/dL) used at their 
centre might have accounted for different results (54). 
Biologically, it can be speculated that shorter duration of 
hypocortisolism may be a manifestation of early recovery 
of autonomy of residual tumour cells, while longer 
duration of hypocortisolism represents later occurrence 
of CRH-stimulated recovery of normal corticotrophs and 
hence a predictor of long-term remission.

Time to recurrence In their retrospective analysis, 
Bochichio and coworkers (4) have observed no apparent 
plateau or clustering in the distribution of recurrences 
in 510 CD patients over a follow-up period of 10  years. 

Table 4 Summary of series reporting post-surgery cortisol dynamics as predictors of recurrence following primary microscopic 

TSS in CD.

 
 
Study (First author, year)

Recurrence rate % (No 
of patients in remission/

Total no of patients)

 
Degree of early post-surgery 

hypocortisolemia

 
Duration of 

hypocortisolemia

 
Early post-surgery CRH 

stimulation test

Tahir and Sheeler, 1992 (47) 20.6% (34/34) – N (need for GC) –
Trainer, 1993 (8) 12.5% (32/48)) Y*,a – –
Viganti, 1994 (48) 20% (30/36) – – Yc

Bochicchio, 1995 (4) 12.7% (510/668) – Y (need for GC)b Yc

Invitti, 1999 (25) 17% (162/236) N# – Yc

Imaki, 2001 (49) 13.3% (30/49) Y*,a – –
Pereira, 2003 (15) 9% (56/80) N# – –
Patil, 2008 (50) 17% (184/215) Y**,a – –
Sughrue, 2011 (51) 26% (73/88) Y*,a – –
Lindsay, 2011 (9) 12% (325/450) N# – Yc

Ciric, 2012 (36) 9.67% (101/121) N# – –
Alexandraki, 2013 (39) 24% (84/124) – Yb –
Barbot, 2013 (52) 38.5% (39/57) – – Yc

Costenaro, 2014 (6) 8% (81/101) – N (need for GC) –
Dimopolou, 2014 (41) 34% (85/120) – N –
Our study, 2016 41.02% (151/230) N# Y –

Predictor of recurrence: Y (yes); N (no).
aHigher degree of early post-operative hypocortisolemia: positive predictor for long-term remission; bLonger duration of hypocortisolemia: positive 
predictor for long-term remission; cLower CRH-stimulated cortisol and/or ACTH in early post-operative period: positive predictor for long-term remission; 
*Cut-off of serum cortisol used to define hypocortisolism was above 5 µg/dL; **Cut-off of serum cortisol used to define hypocortisolism was 5 µg/dL, 
but also included patients with normal urinary-free cortisol; #Cut-off of serum cortisol used to define hypocortisolism was ≤5 µg/dL.
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Although we found a plateauing of recurrence on a longer 
follow-up period of 22.5  years, our finding of constant 
decrease in recurrence-free survival rates without apparent 
clustering in the initial 8  years was similar to that of 
Bochichio and coworkers (4). This emphasises the impact 
of duration of follow-up in studying time to recurrence. 
The extent of evaluation on follow-up visits (clinical vs 
biochemical) is another important consideration in studying 
time to recurrence. We observed an early identification of 
recurrence (at a mean time to recurrence of 27.7 months) 
and earlier plateauing of recurrence-free survival curve 
at 5 years in a sub-group of patients where serial data on 
biochemical evaluation (ODST) were available, as compared 
to that of patients with irregular and infrequent follow-
up (mean time to recurrence of 69.2 months). Thus, our 
findings emphasise the importance of regular biochemical 
surveillance of patients in remission to detect recurrence 
before the disease becomes clinically obvious, thus allowing 
for timely intervention. Several biochemical tests like 
midnight serum/salivary cortisol, ODST and 24-h urinary-
free cortisol are used to detect disease recurrence. In two 
longitudinal studies, midnight serum and salivary cortisol 
have been shown to be the earliest sign of recurrence and 
almost always precede elevated urine cortisol (7). However, 
serial data comparing sensitivity of midnight serum or 
salivary cortisol vs ODST to identify early disease recurrence 
are lacking. One of the limitations of the current study is 
that recurrence was defined based on ODST values alone, 
making its comparison with other tests impossible.

Site of recurrence An interesting observation in 
our study was visualisation of adenoma at the same 
sellar location (as baseline scan), in all patients (micro/
macro adenomas) with equivocal adenoma seen on the 
MRI scan at the time of recurrence. Our observation is 
substantiated by few of the previous surgical series (55, 56, 
57) where intra-operative findings at subsequent surgeries 
for recurrent CD have been described. In a large series 
of patients who underwent surgery for recurrent CD, 
Dickerman and coworkers (57) reported that recurrent 
tumour was found at the same site or contiguous to 
the same site as the initial surgery. Additionally at 
repeat surgery, adenomatous invasion of the dura mater 
was found in 54% and 100% of microadenomas and 
macroadenomas, respectively. Thus, it can be inferred that 
recurrent CD could result from regrowth of the residual 
tissue at the primary site or adjacent dura mater.

Retrospective nature of the study with its attendant 
data attrition forms the major limitation of our study. 
However, long-term follow-up of respectable number of 
CD patients at a single centre, thus conforming uniformity 
in work-up and management of entire cohort, represents 
the strengths of the study. Moreover, determination of 
remission/recurrence by biochemical evaluation, rather 
than self-reported clinical information, has ensured 
objectivity in the analysis.

Conclusion

We report long-term post-surgical follow-up of 230 CD 
patients managed at a single centre. Overall, remission and 
recurrence rates were similar to that reported in literature, 
but proportion of delayed remission was relatively higher. 
Radiological features like negative/equivocal MRI findings 
and presence of macroadenoma, especially those with 
cavernous sinus invasion, were predictors of poor remission 
rates. In addition to early remission, longer duration of 
post-operative hypocortisolism is an important predictor 
of sustained remission. Regular biochemical surveillance 
may help in identifying recurrence early.
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Abstract

Objective: To study genotype–phenotype spectrum of triple A syndrome (TAS).

Methods: Retrospective chart analysis of Indian TAS patients (cohort 1, n = 8) and review 

of genotyped TAS cases reported in world literature (cohort 2, n = 133, 68 publications).

Results: Median age at presentation was 4.75 years (range: 4–10) and 5 years (range: 

1–42) for cohorts 1 and 2, respectively. Alacrima, adrenal insufficiency (AI), achalasia 

and neurological dysfunction (ND) were seen in 8/8, 8/8, 7/8 and 4/8 patients in cohort 

1, and in 99, 91, 93 and 79% patients in cohort 2, respectively. In both cohorts, alacrima 

was present since birth while AI and achalasia manifested before ND. Mineralocorticoid 

deficiency (MC) was uncommon (absent in cohort 1, 12.5% in cohort 2). In cohort 1, 

splice-site mutation in exon 1 (p.G14Vfs*45) was commonest, followed by a deletion 

in exon 8 (p.S255Vfs*36). Out of 65 mutations in cohort 2, 14 were recurrent and five 

exhibited regional clustering. AI was more prevalent, more often a presenting feature, 

and was diagnosed at younger age in T group (those with truncating mutations) as 

compared to NT (non-truncating mutations) group. ND was more prevalent, more 

common a presenting feature, with later age at onset in NT as compared to T group.

Conclusion: Clinical profile of our patients is similar to that of patients worldwide. 

Alacrima is the earliest and most consistent finding. MC deficiency is uncommon. Some 

recurrent mutations show regional clustering. p.G14Vfs*45 and p.S255Vfs*36 account 

for majority of AAAS mutations in our cohort. Phenotype of T group differs from that of 

NT group and merits future research.

Introduction

Triple A syndrome (TAS, MIM #231550) or Allgrove’s 
syndrome is an autosomal recessive disorder, characterized 
by clinical triad of alacrima, adrenal insufficiency (AI) 
and achalasia cardia. TAS patients may have varied 
neurological dysfunction (ND) in the form of distal 

sensory motor polyneuropathy, autonomic dysfunction, 
dementia, mental retardation, bulbospinal amyotrophy, 
optic atrophy, parkinsonian features, dysarthria, dystonia 
and chorea (1). Other features described in TAS include 
microcephaly, short stature, dysmorphic facies with long 
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narrow face, long philtrum, down-turned mouth, thin 
upper lip, lack of eyelashes, poor wound healing, palmar 
and plantar hyperkeratosis, scoliosis, osteoporosis, long 
QT syndrome and hypolipoproteinemia type IIb (2).

Long time after the initial description of TAS, 
two groups independently described AAAS (achalasia-
addisonianism-alacrimia syndrome) gene as the causative 
gene for this syndrome, in years 2000 and 2001, respectively 
(3, 4, 5). AAAS gene is located on chromosome 12q13 
and encodes for ALADIN (alacrima, achalasia, adrenal 
insufficiency, neurologic disorder) protein, a member of 
WD (tryptophan-aspartic acid) repeat containing proteins’ 
family, which localizes to nuclear pore complexes (NPC). 
Although exact pathophysiology remains to be elucidated, 
it is proposed that mutant ALADIN proteins impair 
the nucleocytoplasmic shuttling of multi-molecular 
complexes and make the cells susceptible to oxidative 
stress, resulting in selective tissue degeneration (6).

Given the rarity of this syndrome, literature related 
to it is confined to case reports/series, which limits 
comprehensive understanding of its complete spectrum, 
especially the genotype–phenotype correlation. Herein, 
we present our series of eight TAS patients from Western 
India. Additionally, we did systematic review of the 
published literature, with the aim of analyzing phenotypic 
and genotypic spectrum of TAS patients worldwide.

Patients and methods

Cohort 1

A retrospective clinical case records study of TAS patients 
(cohort 1) managed at a tertiary care center (2004–2016) 
in Western India was conducted after obtaining approval 
from ‘Institutional Ethics Committee II, Seth G S Medical 
College and KEM Hospital, Mumbai’. Waiver of patients’ 
consent was obtained for this retrospective analysis, 
though due informed consent had been obtained from 
patients/parents for the genetic analysis. Clinical diagnosis 
of TAS was based on the presence of a minimum of two 
features of the triad. Absence of tears was enquired on 
history, and wherever possible, diagnosis was confirmed 
by positive Schirmer’s test, which was defined as <10 mm 
of moisture on a filter paper, placed under the lower 
eyelids for 5 minutes. Symptoms suggestive of achalasia 
were enquired on history, and diagnosis was confirmed by 
a barium swallow study and/or esophageal manometry.

Biochemical diagnosis of AI was based on 08:00 h 
serum cortisol (<5 µg/dL) with a simultaneously elevated 

plasma adrenocorticotropic hormone (ACTH) (>2-fold 
above the upper limit of the reference interval for the 
specific assay) (7). Mineralocorticoid (MC) deficiency 
was defined as elevated (>upper limit of normal for age) 
plasma renin activity (PRA) level. Serum cortisol was 
measured by a solid-phase competitive chemiluminescent 
enzyme immunoassay (Siemens Healthcare) with an 
analytical sensitivity of 0.2 µg/dL. The intra- and inter-
assay coefficients of variability (CVs) of the cortisol assay 
were 6.9% and 7.3%, respectively. ACTH was measured 
by a solid-phase, 2-site sequential chemiluminescent 
enzyme assay (Siemens Healthcare). The intra- and inter-
assay CVs were 9.6% and 8.8%, respectively, with an 
analytical sensitivity of 9 pg/mL. PRA was measured by 
radio immunoassay (Diasorin, Stillwater, MN, USA). Intra- 
and inter-assay CV were <0.7% and <10%, respectively, 
with an analytical sensitivity of 0.018 ng/mL/h.

For genetic testing (AAAS gene), genomic DNA 
was extracted using a standard protocol. AAAS gene 
(OMIM*605378, ENST00000209873) was studied by 
amplification of all 16 exons, including exon–intron 
boundaries from genomic DNA. After PCR amplification, 
direct sequencing of the amplicons was carried out using 
Big Dye Terminator v1.1 Cycle Sequencing kit with an 
ABI 3100 Genetic Analyzer (Applied Biosystems). The 
description of sequence variants in DNA and protein 
sequences were expressed according to the nomenclature 
of human genome variation society. In silico prediction 
tools including Mutation Taster, PolyPhen-2 and Sort 
Intolerant from Tolerant (SIFT) were used to predict the 
functional significance of variation in sequence.

Cohort 2

Systematic review of published literature (up to February 
2016) was done on MEDLINE and Scopus search engines 
employing following search terms: TAS, Allgrove 
syndrome, 3A syndrome, 4A syndrome, 5A syndrome, 
ALADIN protein and AAAS gene. Initial search revealed 
277 publications related to TAS of which 209 publications 
were excluded for various reasons. Two hundred and 
two publications were excluded due to lack of genotypic 
details. Two non-English language papers and two 
papers describing previously reported patients (to avoid 
duplication) were also excluded. Additionally, three 
papers describing summary statistics were excluded, as 
no clear information about phenotypic and genotypic 
characteristics of individual patients could be discerned. 
Finally, data of 133 index cases (cohort 2) from 68 
publications were analyzed (4, 5, 6, 8, 9, 10, 11, 12, 13, 
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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, 57, 58, 59, 60, 
61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72). Following 
information about the phenotype was recorded: gender, 
age at presentation, age at last follow-up, presenting 
feature, family history, parental consanguinity, country/
ethnicity of origin, age at onset/diagnosis for each of the 
key features; alacrima, achalasia, AI and ND and presence 
of skin manifestations. Wherever available, relevant 
biochemical investigations like basal serum cortisol 
and ACTH levels, results of ACTH stimulation test, PRA 
levels and plasma aldosterone levels were also recorded. 
To maintain uniformity of genetic data, the reported 
mutations were re-annotated using the university of 
California Santa Cruz (UCSC) genome browser according 
to the transcript id ENST00000209873. Exome Aggregation 
Consortium (ExAC database) was used to find the minor 
allele frequency (MAF) of the mutation identified.

Statistical analysis

Statistical analysis was performed using software SPSS, 
version 23.0 (SPSS Software). Mean (± s.d.) was used for 
continuous variables when they were normally distributed 
and median (range) was used for variables with skewed 
distribution. The difference between the continuous 
variables was analyzed using independent t test while 
that between categorical variables was analyzed using  
chi-square test. P value <0.05 was considered as significant.

Results

Phenotype (cohort 1)

Cohort 1 comprises 8 index TAS patients (3 males, 5 females) 
managed at our center. The clinical details are summarized 
in Supplementary Table 1 (see section on supplementary 
data given at the end of this article). Median age at last 
follow-up was 17.5  years (range 5.5–28). By then, all 
patients had manifested three classic components of the 
triad (alacrima, achalasia and AI), except for one patient 
(patient 8), who has not yet developed symptoms of 
achalasia at current age of 5.5 years. Alacrima and AI were 
present in all (8/8) patients, while achalasia and ND were 
seen in 7/8 and 4/8 patients, respectively. Median age at 
presentation was 4.7 years (range: 4–10 years). All patients 
presented with AI except one patient (patient 6). Patient 
6 had presented with ocular discomfort due to alacrima at 

5 years of age, though diagnosis of AS was not considered at 
that time. In all patients, alacrima was the earliest feature 
noted by parents in early infancy. It was followed by AI 
with median age at onset of 3.25  years (range: 2.5–10), 
and achalasia with median age of onset of 14 years (range: 
3–20  years). All patients had clinically evident AI with 
low basal cortisol and elevated ACTH, and none required 
Synacthen stimulation test for diagnosis. All had normal 
mineralocorticoid axis as demonstrated by normal PRA 
levels. Three patients have undergone per oral endoscopic 
myotomy for severe symptoms of dysphagia and one 
patient (patient 6) is currently awaiting the procedure. 
Other patients have mild symptoms of dysphagia and are 
being managed conservatively. ND was found in 4 patients 
(50%) after a thorough history and clinical neurological 
examination. Detailed nerve conduction studies were 
not done in all patients. The ND in our cohort included 
generalized tonic–clonic seizure disorder (n = 2), moderate 
mental subnormality (documented by IQ test) (n = 1), 
generalized hyper-reflexia (n = 4) and hypernasal speech 
(n = 3). Two patients had palmoplantar hyperkeratosis.

Genotype (cohort 1)

Four patients (4/8) had history of other family members 
being similarly affected. Two of them had parental 
consanguinity as well (Fig. 1 and Supplementary Table 1). 
Genotype analysis of these eight unrelated families revealed 
five different mutations (novel: 1, reported: 4) in AAAS 
gene (Fig. 1). Five patients had mutations in homozygous 
state, two patients in compound heterozygous state while 
one patient (patient 8) was heterozygous for a novel 
mutation (Supplementary Table 1). A previously reported 
frameshift mutation in exon 1 (c.43C > A, p.G14Vfs*45) 
was the commonest mutation, observed in four families. 
A  deletion in exon 8 (c.762delC; p.S255Vfs*36) was the 
next common mutation, found in three families. Previously 
reported mutations in exon 16 (c.1432C > T; p.R478*), 
exon 9 (c.856C > T, p.R286*) and a novel mutation in exon 
9 (c.908T > A, p.L303Q) were found in one patient each.

Phenotype (cohort 2) 

The phenotypic details of cohort 2 are described in 
Table 1. Slight male predominance (57.7%) was observed 
in overall cohort. Median age at presentation was 5 years 
(range: 1–42), with majority of patients presenting 
in first decade of life (80%). AI (36.8%) and achalasia 
(36.8%) were the common presenting features followed 
by ND (13.7%) and alacrima (4.2%). In descending order, 
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the overall prevalence of each feature was: alacrima 
(99.2%), achalasia (93.2%), AI (90.1%) and ND (79.4%) 
(Supplementary Table 2).

In the majority of the patients (90.2%), alacrima was 
noticed by parents since birth/infancy, while in 4 patients, 
it was noticed later (range: 2–8  years). The  singular 

Figure 1
Pedigrees of 8 patients with Allgroves syndrome in cohort 1.
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patient reported with the absence of alacrima was 
documented to have normal Schirmer’s test until the age 
of 18 years (66). AI (median age of onset: 4 years, range: 
0–23 years) and achalasia (mean age of onset 8.19 years, 
s.d. = 7.65 years) manifested earlier than ND (median age 
of onset: 12 years, range: 1.1–40 years). On sub-analysis 
of patients in whom age at last follow-up was reported, 
it was observed that majority of patients who had not 
manifested achalasia (7/7, 100%) and neurological 
dysfunction (18/21, 85.71%) at the last follow-up were 
young (≤18 years).

Out of 65 patients with AI, where detailed 
information was reported, majority (92.3%) had 
clinical/symptomatic presentation. Only 7.7% (5/65) 
patients had subclinical AI, in whom diagnosis of AI 
was established by ACTH stimulation test done as a part 
of work up, when other components had manifested. 
Presence or absence of MC deficiency was approved in 
65 patients, while PRA and PAC levels were reported 
in only 24 and 33 patients, respectively. Although MC 
deficiency was reported to be present in 16 patients 
(16/65, 24.6%) definite diagnosis of MC deficiency with 

Table 1 Description of phenotypic details of cohort 2 (n = 133 from 68 publications).

 
Parameter

 
Value

Number of patients where relevant 
information reported

Male:Female 60/44 104
Age at last follow up (years)* 18.14 (s.d. = 12.9) 107
Age at presentation (years)**
Percentage of patients presenting at
 ≤10 years
 11–20 years
 21–30 years
 31–40 years
 41–50 years

5 (range: 1–42)
72 (80%)
11 (12.2%)
4 (4.5%)
2 (2.2%)
1 (1.1%)

90

Presenting feature
 AI
 Achalasia
 ND
 Alacrima
 AI and achalasia
 Achalasia and ND
 AI and alacrima
 AI and ND

35 (36.8%)
35 (36.8%)
13 (13.7%)

4 (4.2%)
4 (4.2%)
2(2.1%)
1 (1.1%)
1 (1.1%)

95

Prevalence
 Alacrima
 Achalasia
 AI
 ND

132 (99.2%)
124 (93.2%)
119 (90.1%)
100 (79.4%)

133
133
132
126

Alacrima
 Age at onset**
 Age at diagnosis**

0 years (range 0–8)
8.6 years (1–60 years)

41
61

AI
 Age at onset**
 Age at diagnosis**
Prevalence of subclinical AI
Prevalence of MC deficiency#

Non-definite
Definite

4 years (range: 0–23)
6 years (range: 1–48)

5 (7.7%)
16 (24.6%)

3 (12.5%)
3 (9%)

41
65
65
65

24 (PRA levels available)
33 (PAC levels available)

Achalasia
 Age at onset*

 Age at diagnosis*

8.19 years (s.d. = 7.65)
10.55 years (s.d. = 8.57)

47
68

ND
 Age at onset**

 Age at diagnosis*

12 years (range: 1.1–40)
15.08 years (s.d. = 13.07)

2744 
 

*Median value (range) is given as data are skewed in distribution; **mean value (s.d.) is given as data is normally distributed; #mineralocorticoid 
deficiency was classified as definite when detailed description of biochemical evaluation of plasma renin activity and/or plasma aldosterone levels was 
ascertained. Otherwise, in patients in whom only presence of MC deficiency was acknowledged irrespective of description of biochemical parameters 
was classified as non-definite.
AI, adrenal insufficiency; MC deficiency, mineralocorticoid deficiency; ND, neurological dysfunction.
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elevated PRA levels (3/24, 12.5%) or low PAC levels 
(3/33, 9%) could be established in few patients only.

Genotype (cohort 2) 

34.3% of patients (37 out of 108 patients in whom details 
of family history were reported) had history of similar 
affection in one or more family members, while 45.3% 
of patients (53 out of 117 patients in whom relevant 
information was mentioned) had history of parental 
consanguinity (Supplementary Table 2).

Overall, 65 different mutations were reported in 
127 patients, 65.4% (n = 83) in homozygous state, 33% 
(n = 42) in compound heterozygous state and 1.6% (n = 2) 
in heterozygous state. Mutations were not identified in 
AAAS gene in 6 patients (4.7%). Common mutations 
included frameshift (n = 19), nonsense (n = 19), missense 
(n = 15), and splice-site (n = 8) mutations. Additionally, 
an indel mutation and mutations in the intronic region, 
regulatory element and 5′ UTR were found in one 
patient each. Figure  2 collates the various mutations 
found in AAAS gene (from cohorts 1 and 2). Fourteen 
mutations were recurrent (defined as occurring in ≥3 
unrelated individuals). Some of the recurring mutations 
exhibit clustering to particular geographical regions 
(Fig.  3). These include c.1331 + 1G > A (North Africa and 
USA), c.1432C > T; p.R478* (Europe), c.787T > C; p.S263P 
(Europe), c.771delG; p.R258Gfs*33 (China), c.43C > A; 
p.G14Vfs*45 (Europe and India, from cohort 1) and 
c.762delC; p.S255Vfs*36 (India, from cohort 1).

Phenotype–genotype correlation analysis

To study phenotype–genotype correlation, patients (from 
both cohorts 1 and 2) were divided into two groups: Group 
T-patients with mutations resulting in truncating protein, 
and group NT-patients with mutations resulting in  

non-truncating protein. Patients with nonsense 
mutations, frameshift mutations and deletions were 
grouped as truncating, while those with missense 
mutations were grouped as non-truncating ones. Patients 
having compound heterozygous state with one truncating 
and other non-truncating mutation were classified in 
group NT, as it has been observed that patients having 
at least one missense (non-truncating) mutation have 
a milder phenotype than those having both truncating 
ones (21). Three out of 8 splice-site mutations (c.1331 + 1; 
G > A, c.546-2A > C and c.400-2A > G) were previously 
reported to result in truncating proteins and hence were 
classified in group T. Remaining 5 splice-site mutations 
could not be sub-classified due to the absence of in vitro 
mRNA studies. These 5 patients with splice-site mutations, 
three patients who had heterozygous mutations, and 
six mutation negative patients, were excluded from 
analysis of genotype–phenotype correlation. The result of 
genotype–phenotype analysis for remaining 127 patients 
is shown in Table 2. As compared to NT group, patients 
in T group had significantly higher prevalence and higher 
chances of presentation with AI. Moreover, median age 
of diagnosis of AI in T group was significantly lower than 
that of NT group. Subclinical AI was found in NT group 
only. As compared to T group, patients within NT group 
had significantly higher overall prevalence and higher 
chances of presentation with ND. However, median age at 
onset of ND in T group was significantly lower than that 
of NT group.

Discussion

Triple A syndrome (TAS), though a rare disorder, is an 
important genetic cause of primary AI in children. Current 
study includes the first description of Indian series of AS 
patients (cohort 1). Additionally, it includes systematic 

1 2 3 964 5 7 8

c.43C>A(18)
c.43C>T
c.57_58delTG
c.122A>G
c.123+2T>C

c.709C>T(2)
c.762delC(3)
c.771delG(3)
c.787T>C(18)
c.788C>T
c.810+1G>A

c.1366C>T(2)
c.1368_1372de
lGCTCA
c.1389_1389de
lC
c.1406T>C(3)

c.1261_1262insG
c.1288C>T(2)
c.1292_1294delT
TCinsA
c.1304_1304del
A
c.1310_1311delC
T
c.1331+1G>A(28)

c.464G>A(2)
c.464G>C
c.470_471delTT
c.479A>G(4)
c.500C>T(2)

c.546-2A>C
c.554_555delTCin
sA
c.577C>T
c.580C>T(4)
c.618_618delC
c.688C>T(3)
c.689+1G>A

c.938T>C
c.972G>A
c.981_982i
nsT

c.355C>T 
(3)

c.856C>T(4)
c.884G>A
c.887C>A
c.903A>C
c.908T>A#
c.934C>T(2)

c.400-2A>G(2)
c.429delT
c.433C>T(2)
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c.1421G>A
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c.1024C>T(5)
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c.1066_1067del
CT(2)
c.1087+1G>A

c.1101delG
c.1104_1105i
nsC
c.1142T>G
(2)
c.1144_1147
delTCTG
(2)
c.1159C>T
(6)

c.1191_11
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(2)

g.3393C>A

g.16166_17813delinTGAGGCCTGCTG

g.2995C>T

Figure 2
Schematic diagram of AAAS gene distribution of 66 mutations reported to date (1 from cohort 1 and 65 from cohort 2).
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review of phenotype–genotype spectrum of genotyped 
cases of TAS reported to date (cohort 2).

Although small sample size of our cohort limits 
statistical comparison with cohort 2, we found that the 
phenotypic spectrum of our patients was largely similar 
to that of other ethnicities (cohort 2) except for a lower 
prevalence of ND in our patients (4/8 patients in cohort 
1 vs 80% in cohort 2). Apart from a possible referral bias 
to an endocrine center, we believe this disparity can be 
attributed to younger age of our patients. All patients in 
our cohort without ND are young (5.5–13  years at last 
follow-up). This conforms with the observation that 
87.5% of patients in cohort 2 who have not yet manifested 
ND were younger than 18 years.

In cohort 2, majority of TAS patients presented in first 
two decades of life, with either achalasia or AI. Hence TAS, 
though an uncommon etiology for pediatric achalasia 
(7–15%) or pediatric AI (1%) per se, should be considered 
in the etiological workup of these disorders in children 
(73, 74). Seven patients (8%) in cohort 2 presented in 3rd 
to 5th decades of life, suggesting that diagnosis of TAS 

should be considered in adults as well. Interestingly, these 
seven patients presented either with ND or achalasia, 
and none of them presented with AI. The reason for this 
differential mode of disease presentation in adults remains 
unknown and needs further study.

Analysis of cohort 2 reveals that a patient with TAS 
can present with any one of the four cardinal features 
and that the symptoms evolve over a period of time, 
suggesting TAS to be a progressive disorder. Therefore, it is 
prudent to exercise high index of suspicion for diagnosis, 
even in patients presenting with isolated components of 
TAS. Alacrima, rarely a presenting feature, is the earliest 
to appear and is present in almost every (99%) patient. 
Hence, in a patient presenting with AI, achalasia or ND, 
presence of alacrima can point towards the diagnosis of 
TAS, while its absence almost rules out this rare condition. 
Achalasia, present in 93% of patients, was second most 
prevalent disorder. Its prevalence was higher than what is 
classically reported in earlier reviews (75%) (1).

AI in TAS is commonly isolated glucocorticoid 
deficiency. In their original report, Allgrove and coworkers 

Figure 3
Geographical distribution of 15 recurrent mutations in AAAS gene.
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described it as a variant of familial glucocorticoid 
deficiency with histopathological evidence of a preserved 
zona glomerulosa (3). Later, MC deficiency was also 
reported in TAS (51, 71, 72). Grant and coworkers reported 
3 patients to be MC deficient (all 3 with typical electrolyte 
abnormalities and two with additional elevated PRA) in 
a cohort of 20 TAS patients, suggesting 15% prevalence 
of MC deficiency in TAS (75). In close analysis of cohort 
2, we found that definite MC deficiency was uncommon 
(12.5% (3/24) in those with PRA levels reported; 9% (3/33) 
in those with PAC levels reported). Similarly, none of the 
patients in cohort 1 had MC deficiency as documented 
with normal PRA levels. These findings emphasize the 
need of establishing definite diagnosis of MC deficiency 
with study of PAC and PRA levels, before starting 
fludrocortisone replacement. The pathophysiology of MC 
axis involvement remains unknown and may be proposed 
to be due to progressive degeneration of zona glomerulosa 
and/or autonomic dysfunction.

Half of patients in cohort 1 and one-third (34.3%) of 
patients in cohort 2 were familial cases. Additionally, there 
was higher prevalence of parental consanguinity (45%) 
in patients of cohort 2, which emphasizes autosomal 
recessive mode of inheritance for TAS. The current study 
revealed 67 different mutations in AAAS gene, including a 
novel mutation from cohort 1. The majority (7/8 patients 
in cohort 1 and 94% in cohort 2) had mutations in 
homozygous or compound heterozygous state consistent 
with AR inheritance. Two patients in cohort 2 were 
heterozygous for mutations (58, 72) (c.856C > T (p.R286*) 
and c.1331 + 1; G > A (IVS14 + 1 G > A)), which have been 
previously reported in homozygous as well as compound 
heterozygous states (4, 38, 44, 72). Interestingly, in 
these previous reports, familial segregation analysis 
documented no clinical phenotype of disease in healthy 
parents or unaffected siblings, who were heterozygous 
(carriers) for these mutations. The plausible explanation 
for this phenomenon could be the presence of another 
mutation in noncoding sequences of second allele of 
AAAS gene, which remained unidentified with current 
detection methods or another unknown gene mutation, 
which affects the expression and/or function of 
AAAS gene.

Six patients from cohort 2 tested negative for 
mutations in AAAS gene (47, 49, 58, 68). This can be 
postulated to be due to unidentified large deletions 
(missed on Sanger sequencing) or mutations in uncharted 
intronic or regulatory regions. In few mutation-negative 
TAS families, even linkage to markers of the AAAS gene 
region on 12q13 was found to be negative (76). Hence, the 

possibility of mutations in genes other than AAAS gene 
with phenotype similar to TAS cannot be ruled out, 
further signifying the genetic heterogeneity of TAS.

Mutations were found throughout the AAAS gene, 
suggesting no hotspots. However, based on the observation 
of geographic clustering of apparently unrelated patients 
with same mutations, several authors have suggested 
regional founder effects for certain recurring mutations, 
which were substantiated by haplotype analysis (4,  5, 
33, 41, 44). Based on haplotype analysis, Genin and 
coworkers predicted that c.1331 + 1G > A mutation 
originated in North African population 1000–1175 years 
ago (77). In our analysis, we identified 15 recurrent 
mutations, with few exhibiting regional clustering. These 
represent higher background (region specific) carrier rate, 
suggesting a common ancestral origin. Thus, ethnic origin 
of a patient may help in targeted molecular diagnosis of 
TAS. Facilitation of genetic diagnosis by this approach has 
been attempted by Kallabi and coworkers who performed 
targeted sequencing precisely for the region of AAAS gene 
(172-bp fragment that covers the junction between exon 
14 and intron 14) corresponding to commonly described 
North African ancestral mutation (c.1331 + 1G > A) in two 
Libyan AS families and confirmed the presence of same 
mutation (13). Kallabi and coworkers further proposed 
that doing restricted enzymatic digestion by Mva I of the 
targeted PCR product can facilitate family screening of 
affected individuals (13).

Even before genetic etiology of TAS could be 
elucidated, intra-familial variability in clinical phenotype 
was well recognized (1, 78). Thereafter, study of genotype–
phenotype correlation in TAS patients was based on 
observing variability in clinical manifestations in patients 
having same individual mutation (20, 41, 54). This 
approach revealed the absence of a consistent genotype–
phenotype correlation, which was proposed to be due to 
effect of other modifying genes or environmental factors 
on the phenotype of TAS.

Few authors have observed that the patients with 
missense mutations had different phenotypes than 
those with truncating mutations (21). We used similar 
approach to study the genotype–phenotype correlation 
in our study and observed significant clinical differences 
between the two groups. Patients in T group were more 
likely to present with symptomatic AI, diagnosed to have 
AI at younger age and have overall higher prevalence of 
AI as compared to NT group. Prevalence/presentation of 
alacrima and achalasia did not differ among these groups. 
Patients in NT group were more likely to present with ND, 
with onset of ND at later age and have higher prevalence 
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of ND as compared to T group. With the underlying 
causative mechanisms unknown, our observation of 
differing clinical profiles of the two groups calls for future 
research. In vitro studies have shown that mutations 
truncating N or C terminals, and most non-truncating 
mutations, especially those in WD repeat region result 
in mis-localisation of ALADIN protein, potentially 
causing functional disruption of interaction of mutant 
ALADIN with other associated proteins (79). A possible 
interaction of ALADIN with PGRMC2, a regulator of the 
cell cycle, and participation of ALADIN in cell division 
by spatial regulation of Aurora A was described recently 
(80, 81). It can be speculated that during process of cell 
division, missense mutations (non-truncating) with the 
presence of a functionally impaired protein may have 
different consequences compared to that of a truncated 
protein, which in most cases, undergoes degradation 
by the ubiquitin–proteasome pathway, accounting for 
phenotypic differences in clinical features.

Most previous reports on TAS have limitation of 
small sample size. Besides being the first description of 
largest Indian series of genetically proven TAS patients, 
the strength of our study includes collation of individual 
data of genotyped TAS patients worldwide. We believe 
that our study adds to the comprehensive understanding 
of phenotypic and genotypic spectrum of this rare 
disorder. However, the study has important limitation 
of non-uniformity of data, as complete phenotypic 
information was not available for each reported patient. 
Also, phenotypic information of pre-2000 era (before 
AAAS gene was described) is not included in the current 
study, which may make the phenotypic prevalence data 
of cohort 2 not completely representative. Progressive 
nature of the syndrome forms an additional limitation for 
genotype–phenotype correlation (62).

Conclusion

Clinical profile of Indian TAS patients is largely similar 
to that of patients of other ethnicities. Although TAS is 
predominantly a disorder of children and adolescents, 
it can manifest in adulthood up to 5th decade of life. 
Alacrima is the earliest and most consistent finding of 
TAS. MC deficiency is less common while achalasia is 
more common than it was previously assumed. Some 
recurrent mutations show regional clustering and may 
suggest common ancestral mutation/founder effect. 
Two mutations (p.G14Vfs*45 and p.S255Vfs*36) account 
for majority of the AAAS mutations in our patients. 

Phenotypic profile of patients with truncating mutations 
differs systematically from that of patients with non-
truncating mutations. Future research is warranted to put 
this observation in perspective.
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Guillain–Barré syndrome (GBS) is an acute onset,
usually monophasic immune-mediated disorder of the
peripheral nervous system. Acute inflammatory
demyelinating polyradiculoneuropathy (AIDP) is the
most widely known form of GBS. However, axonal
variants of GBS are also commonly seen in India; in one
Indian series, the incidence of AIDP and AMAN (Acute
motor axonal neuropathy) was virtually equal [1].

The widely employed Asbury and Cornblath case
definitions and the recent, the Brighton Collaboration
developed case definitions of GBS were developed in
the West, where AIDP is the most common form of GBS
[2,3]. The two features essential for a diagnosis of GBS
according to these criteria are progressive motor
weakness and areflexia. The axonal variant of GBS
usually has retained deep tendon reflexes or at times
hyperreflexia either in the beginning or throughout the
course of the disease [4]. Though this was described in
the initial studies of AMAN, most text books still stress
the presence of areflexia in GBS. This results in delay in
the diagnosis of GBS or may even result in considering
upper motor neuron disease as a cause for the
presentation resulting in unnecessary investigations like
magnetic resonance imaging of the spine/ brain resulting
in additional cost to the parents.

Recently, there have been reports of hyperreflexia in
GBS – mainly  in the adult literature – from India also but
not in children [5,6]. The variants most commonly
reported to be associated with retained or brisk reflexes
are AMAN, acute motor conduction block neuropathy,
and acute facial diplegia with brisk reflexes, of which
AMAN is of more importance to pediatricians. Although
preservation of reflexes, may simply be due to sparing of

Guillaine-Barre Syndrome with
Retained Deep Tendon Reflexes

the sensory afferent pathway, the occurrence of brisk
reflexes suggests a central mechanism. A proposed
mechanism for hyperreflexia is dysfunction of inhibitory
systems in the spinal interneurons. Distal conduction
disturbance—not axonal degeneration—produces low
motor responses on nerve conduction studies, termed as
reversible conduction failure or acute motor conduction
block neuropathy [6]. This could explain the relatively
good prognosis in this group.

Thus even though hyporeflexia or areflexia is
necessary for diagnosis of typical Guillain Barre
Syndrome, hyperreflexia does not exclude a GBS variant
and usually suggests an axonal type of GBS.

MAHESH KAMATE
Department of Pediatrics,

KLE University’s J N Medical College,
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ABSTRACT
Introduction: Therapeutic Plasma Exchange (TPE) is a procedure 
in which the patient’s blood is passed through an apheresis 
machine, where the filtered plasma is removed and discarded 
with reinfusion of red blood cells along with replacement fluid 
such as plasma or albumin in to the patient. We present our 
experience with TPE in treatment of various neurologic and 
non-neurologic diseases.

Aim: To evaluate TPE as primary therapy or as a first-line adjunct 
to other initial therapies as mentioned by American Society for 
Apheresis (ASFA). 

Materials and Methods: A retrospective analysis of TPE 
procedures was done for a period of nine years, from January 
2007 to May 2016 in a tertiary care teaching hospital. A total of 
584 TPE procedures were performed in 161 patients between 

2 to 75 years of age. Clinical and laboratory investigations like 
ECG, chest X-ray, cardiorespiratory status and serology were 
carried out before the TPE procedure.

 Results: A total of 161 patients were enrolled in the present 
study. Guillain-Barre Syndrome (GBS) (67.7%, n=109) was the 
main indication for TPE, followed by Myasthenia Gravis (MG) 
(13.04%, n=21). Overall incidence of adverse reactions was 
9.93%, inadequate vascular access was a common complication 
encountered in paediatric age group. 

Conclusion: Our results show that TPE is not only safe and 
effective treatment alternative to Intravenous Immunoglobulin 
(IVIG), it also strongly holds evidence in the improvement of 
neurological disorders compared to non-neurological disorders. 
There is need of further detail evaluation on large number of 
cases for proper evidence based practice.

INTRODUCTION
TPE is the removal and retention of plasma, with return of all cellular 
components to the patients. This is the most common therapeutic 
apheresis procedure performed [1]. TPE was first employed in 1952 
in multiple myeloma to control hyperviscosity; by 1970s TPE had 
evolved as a treatment modality in number of neurological diseases 
[2]. The purpose is to remove the agent in the plasma, such as 
an antibody, toxin or abnormal protein that is causing the clinical 
symptoms. TPE is also used to replace a normal factor or substance 
that may be missing or deficient in the patient’s plasma.  Regardless 
the purpose, a large quantity of plasma must be removed during 
TPE and replaced with sufficient physiological fluid (fresh frozen 
plasma or albumin) to maintain the intravascular compartment. The 
efficacy of TPE depends on the Plasma Volume (PV) removed in 
relation to the patient’s total PV, the distribution of the pathogenic 
substance to be removed between intravascular and extravascular 
spaces, and the synthesis and equilibrium rate of that substance 
between the compartments. One volume exchange is equivalent to 
65% of the initial component removed from the intravascular space, 
1.5 PV approximate around 75%, and around 85% achieved with 2 
PV exchanges [3].

TPE is an ideal indication for treatment of neurological conditions 
like GBS and chronic inflammatory demyelinating polyneuropathy 
and also the non-neurologic conditions like MG, hyperviscosity 
syndrome, thrombotic thrombocytopenic purpura, haemolytic 
uremic syndrome, idiopathic thrombocytopenia and in renal, 
rheumatologic diseases [4]. 

We analysed our experience related to the indications, complications 
and outcome of TPE in the treatment of patients belonging to 
various categories according to the ASFA guidelines considering 

apheresis as standard and acceptable, either as primary or as a first 
line adjunct to other initial therapies.

MATERIALS AND METHODS
The present retrospective study was conducted at Department of 
Transfusion Medicine (Blood Bank) of a tertiary care hospital, located 
in Belgavi, Karnataka, India, for a period of nine years i.e., from 
January 2007 to May 2016. All the patients indicated for TPE by 
the physician for neurological conditions like GBS (n=109), Chronic 
Inflammatory Demyelinating Polyneuropathy (CIDP) (n=6) and non-
neurological conditions like Thrombotic Thrombocytopenic Purpura 
(TTP) (n=17), Haemolytic Uremic Syndrome (HUS) (n=8) and MG 
(n=21) were included in the study.  Patients who were not willing 
to undergo the procedure were excluded. Proper clinical and 
laboratory investigations like ECG, chest X-ray, cardiorespiratory 
status and serology were carried out before the TPE procedure. 
Informed consent was obtained from every patient prior to the 
procedure, and was explained about the procedure in detail with the 
probable complications. Total 584 procedures (one to six cycles of 
TPE) were performed on 161 patients, depending upon the clinical 
improvement in the patient. TPE was performed on every alternate 
day using a double lumen femoral catheter COBE Spectra apheresis 
machine (Manufacturer TERUMO BCT, INC). Patient's total blood 
volume was calculated as per Nadler's formula [5].

The ratio kept for the anticoagulant acid citrate dextrose was 
1:10 whole blood and the blood flow rate were set to 25-40 ml/
minutes. The speed set for blood pump was 90 ml/minutes and 
gradually increased up to a maximum of 130 ml/minutes taking 
care to prevent clotting due to low speed and filter breakage due to 
high speed. For every 15-30 minutes intervals, the blood pressure 
and pulse, changes in appearance, development of symptoms like 
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[Table/Fig-1]: Age and sex distribution. 

[Table/Fig-2]: Indications for TPE, with frequency of procedures, categories and 
grading according to ASFA guidelines.
Guillain-Barre syndrome (GBS), Chronic Inflammatory Demyelinating Polyneuropathy (CIDP), 
Thrombotic thrombocytopenic purpura (TTP) and Haemolytic uremic syndrome (HUS)

light-headedness, nausea, paraesthesia’s and overall status were 
closely monitored. A 10 ml of calcium gluconate was given during 
the procedure to prevent citrate toxicity in patients with low calcium 
levels [3]. The duration of procedure varied from one to three hours 
depending upon the amount of plasma exchange. Exchange of 1-1.5 
PV given to the patients and were transfused with three units of FFP. 
Albumin is the standard choice alternate to FFP but because of its 
high cost, albumin was transfused only in the patients who could 
afford for it and the dosage was 250 ml albumin in 500 ml of saline 
infusion. Normal saline or FFP was infused in patients who developed 
hypotension and the procedure was temporarily cessed. All TPE 
procedures were carried out in ICU by blood bank technicians trained 
in TPE under the supervision of blood bank medical officer and the 
physician. Complications and adverse reactions were assessed 
thoroughly throughout the procedure and post procedure. Medical 
Research Council Scale was used to assess the grading of muscle 
power in neurological patients [6]. 

The present study was approved by the Institutional Ethical 
Committee. 

RESULTS
Total 161 patients were indicated for TPE, of which 107 were 
male and 54 were females with mean age of 40.25 (range 2 to 75 
years) [Table/Fig-1]. The indications, frequency of TPE performed 
and category, grade of recommendation are listed in [Table/Fig-2]. 
Neurological cases accounted to 71.4%, with 67.7% cases of 
GBS followed by the 3.7% cases of CIDP. Non-neurologic cases 
accounted to 28.6%, with 13.04% cases of MG followed by 10.5% 
of TTP and HUS with 4.9%. A close correlation between clinical 
and functional improvement was noted in 115 neurological patients, 
out of which 105 patients showed Grade-IV improvement in muscle 
strength (movement against moderate resistance over full range of 
motion) and remaining 10 patients showed Grade–III improvement 
(movement against gravity over almost full range of motion). The 
result of plasma exchange in terms of improvement in the clinical 
condition of the patient was excellent in all the neurologic compared 
to non-neurologic patients. Non-neurological cases in terms of 
improvement were noted as a result of decreased antibody levels 
post procedures, however the titres cannot be measured. 

The number and frequency of TPE procedures depended upon the 
clinical improvement of the patients as some required long term 
maintenance. Complications like inadequate vascular access was 
common in paediatric age group patients (3.7%) and in few cases, 
machine error were reported due to machine breakdown (18.6%). 
Incidence of adverse reactions accounted to 9.93% (16); most 
common was hypotension (4.9%), followed by fever with chills 
(2.4%), nausea (1.2%) and allergic reactions (1.4%). No mortality 
occurred while performing TPE procedures. 

DISCUSSION
In the present era of technological world, with available upgraded 
apheresis machines which are targeted at the most selective possible 
removal of pathological components in the blood, therapeutic 
apheresis has undergone a real revolution in the recent years with 
tremendous improvement in the patients with various disorders [1]. 
American Academy of Neurology while assessing plasmapheresis 
found that TPE is extremely safe in experienced hands [4]. In the 
present study, all the neurologic patients showed improvement 
in terms of muscle power grading and clinically patients under 
assisted mechanical ventilation were recovered without the need 
for ventilation, independent walking with and without assistance 
were noticed by four weeks and were assessed till six months. 
The non-neurologic patients showed improvement with drop in the 
antibody levels post the TPE procedures, the antibodies level were 
not identified nor measured meticulously.

GBS was the main indication in the present study, which comprised 
of 109 patients accounting to 67.7%. TPE or IVIG are recommended 
treatment options in  GBS, both have been found to be equally effective 
and significantly better than the conservative treatment for recovery 
from the disability [7]. However, in GBS with axonal involvement, TPE 
has been reported to be of greater potential benefit than IVIG. TPE 
is most effective when initiated within seven days of disease onset, 
for controlling symptoms of neuroimmunological disorders [8]. In the 
largest series of TPE on neurological disorders by Gafoor VA et al., 
they had enrolled 203 GBS patients in their study and similar to our 
study, found that TPE as cost effective alternative to IVIG and is safe 
in treating various immune mediated neurological disorders [9]. 

MG was the second most common indication with 13.04% of 
cases. Pinching AJ and Peters AK first described TPE as a form 
of treatment for MG in 1976 [10]. MG treatment modalities include 
acetylcholinesterase inhibitors, thymectomy, immunosuppression 
and either TPE or IVIG. Patients diagnosed with MG either 
seropositive or negative for the antibodies, responded well to TPE 
procedure before surgery when compared to any other adjunct 
therapies [7]. Clinically the effects are seen within 24 hours of 
TPE and are more effective with immunosuppressents, there are 
no adequate randomized control trials to prove the effects, but 
many cases report benefit from plasma exchange over IVIG with 
improvement in ventilator status. Similar to present study, Kumar 
R et al., noted tremendous improvement in patients with MG and 
in those who experience exacerbations in spite of treatment with 
steroids and oral immunosuppressants [11].

TTP in the present study responded well to the TPE procedures. 
TPE has decreased the overall mortality from >90% to <10% 
over the period of time [12]. Sidhu D et al., have reported that 
anaphylactic reactions to plasma are very common in TTP cases. 
They suggested substituting octaplas for FFP or, alternatively, using 
albumin with slowly increasing amounts of FFP to mitigate the risk 
of further anaphylactic adverse events [13].

HUS holds very low quality evidence in our study for the use of 
TPE as only eight cases were reported, hence there is a need for 
further evaluation of the role of TPE in the treatment of HUS in our 
institution and still under trial. 

The overall incidence of adverse reaction reported in the literature 
range from 1.6% to 25% with severe reaction occurring in 0.5%-

age group Male Female  Total

0-20 24 19 43

21-40 46 07 53

41-60 23 21 44

61-80 14 07 21

Total 107 54 161

indications
Frequency of TPe procedures 

performed

Category and recom-
mendation grade 

(according to aSFa 
guidelines)

I. Neurology 
diseases 
 GBS and CIDP

five exchanges daily or alternate-
day intervals.

Both Category – I
Grade- 1A and 1B

II. Non Neurology  
Diseases 

TTP and HUS

Myasthenia 
Gravis

Treated as emergency: TPE 
within four hours.
For myasthenic crisis: five 
exchanges at daily or alternate-
day intervals.
Before thymectomy : 
three to five exchanges at 
alternate-day intervals; 48-hour 
gap between last plasma 
exchange and surgery.

Category – I and II
Grade- 1A and 2C

Category – I, Grade- 1A
For moderate-severe

Category – I, Grade- 1C
For Pre-Thymectomy
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3.1% [11]. In our study, overall incidence of adverse reactions was 
9.93%. The most common being hypotension, followed by fever 
with chills, nausea and allergic reactions which were managed 
easily. Complications like inadequate vascular access were most 
commonly observed in 11 children. In children, TPE procedures are 
associated with multiple and unique challenges, hence experience 
based upon the adult clinical practice are extrapolated, which may 
not be evidence based [14]. Although complication can occur, most 
of these are rapidly recognized and reversed and are rarely serious.

Improvement in apheresis machines has made TPE a very safe 
treatment. TPE shortens the course of hospitalization and reduces 
the mortality and incidence of permanent paralysis. 

LIMITATION
The present study holds few limitations. It was based on single-
centre data hence a large trial of TPE is required to compare our 
findings, also there are variations in the algorithms, methodology 
and technologies which differ from center to center. 

CONCLUSION
This is, to the best of our knowledge, largest series of TPE in 
neurologic and non neurologic cases from North Karnataka. None 
of the institutions are practicing TPE in this region. TPE can be 
performed safely in children and has been shown to be effective, 
as it is purely based on the experienced hands. Careful assessment 
of the patients and expertise in TPE is essential to optimize therapy 
and minimize adverse consequences. 

Our results show that TPE is a safe and effective alternative to IVIG 
in patients who cannot afford it. To understand the scenario across 
the country about effectiveness and statistical data of the TPE 
procedures, it is mandatory to establish Indian apheresis registry.
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Original Article

IntroductIon

Hyperbaric bupivacaine is the most common local anesthetic 
used for spinal anesthesia in parturients undergoing elective 
cesarean delivery.[1,2] However, compared to other local 
anesthetics, it has considerable adverse effects on the 
cardiovascular and central nervous system.[3] Enantiomers 
may have the same desired pharmacological properties, but 
fewer side effects. Levobupivacaine, the S(-)-enantiomer 
of bupivacaine, recently introduced for obstetric spinal and 
epidural anesthesia[4,5] has been shown to provide a more 
selective neuraxial blockade than racemic bupivacaine.[6] 
Often, intrathecal opioids, such as fentanyl or sufentanil, are 
combined with local anesthetics, thereby markedly enhancing 
the quality and duration of postoperative analgesia after 
cesarean delivery as well as providing better parturient comfort 
without affecting neonatal outcome significantly.[7]

In the postoperative period, prolonging the analgesia is the 
best way to encourage for early ambulation of patients, but 
associated prolonged motor blockade caused by neuraxial 
blockade with long-acting local anesthetic discourages the 

patients from early ambulation in spite of having adequate 
analgesia. Hence, many additives such as fentanyl, sufentanil 
have been administered along with local anesthetic to 
prolong the sensory blockade without intensifying motor 
block.

Hence, the above study has been formulated to assess 
and compare sensory and motor characteristic following 
spinal anesthesia with a combination of reduced of 
levobupivacaine (7.5 mg) and fentanyl (12.5 μg) and standard 
dose of levobupivacaine (10 mg) alone. Thus, to assess the 
ability of low-dose combination of levobupivacaine and 
fentanyl to provide prolonged sensory blockade and with a 
decreased duration of the motor blockade which may help in 
early ambulation of patients.
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Mudakanagoudar, 

Department of Anaesthesiology, SDM College of Medical Sciences and 
Hospital, Dharwad, Karnataka, India. 
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Comparison of Intrathecal Levobupivacaine and 
Levobupivacaine plus Fentanyl for Cesarean Section

Manjunath Bidikar, Mahantesh Shivangouda Mudakanagoudar, M. C. B. Santhosh1

Department of Anaesthesiology, SDM College of Medical Sciences and Hospital, Dharwad, 1Department of Anaesthesiology, Mandya Institute of Medical Sciences, 
Mandya, Karnataka, India

Aims and Objectives: The aim of this study is to compare the effects of intrathecal levobupivacaine with levobupivacaine and fentanyl 
in patients undergoing cesarean section. Methods: Patients with American Society of Anesthesiologists Physical Status I and II scheduled 
for cesarean section under spinal anesthesia were randomly allocated with thirty patients each. Group L: levobupivacaine group – thirty 
patients (10 mg). Group F: levobupivacaine plus fentanyl group – thirty patients (7.5 mg + 12.5 μg). Hemodynamic monitoring, sensory and 
motor levels, and neonatal Apgar score were noted intraoperatively. The total duration of motor and sensory block, time for rescue analgesia 
was noted postoperatively. Results: Prolonged duration of postoperative sensory and rescue analgesia was found in Group F – 112.97 ± 19.42, 
231.26 ± 10.92 min as compared to Group L – 100.37 ± 10.64, 185.93 ± 11.09 min and duration of motor blockade was prolonged in 
Group L – 87.83 ± 15.04 min than Group F – 79.20 ± 8.93 min and P < 0.05 was found statistically significant. Apgar scores in both groups 
were comparable. Conclusion: Intrathecal levobupivacaine plus fentanyl prolonged duration of sensory block and rescue analgesia without 
prolonging motor block which could help in early ambulation.

Keywords: Apgar scores, bupivacaine, fentanyl, levobupivacaine
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methods

After the Institutional Review Board approval and written 
informed consent, sixty parturients fitting the American Society 
of Anesthesiologists (ASA) Physical Status I and II presenting 
for elective and emergency cesarean delivery were included in 
this prospective, randomized, double-blinded study between 
age group 19 and 40 years, gestational age 37–40 weeks, and 
height 150–170 cm. Exclusion criteria were as follows: known 
allergy to local anesthetics or opioids, contraindications to 
spinal anesthesia, and fetal indications for cesarean delivery 
and multiple gestations.

To facilitate blinding, the study solutions were prepared by 
a pharmacist who was not otherwise involved in the study. 
The preservative-free study drug was diluted to a total 
volume of 2 ml, containing either 10 mg of levobupivacaine 
or levobupivacaine 7.5 mg plus fentanyl 12.5 μg. The dose 
of local anesthetics administered (10 mg) was chosen in 
accordance with a recent dose-finding study.[6] Neither the 
anesthesiologist nor the parturient herself was aware of the 
drugs or dose administered. Randomization of the parturients 
was performed with sealed envelope technique, in which each 
treatment allocation was sealed in an individual envelope, and 
all sixty envelopes were shuffled.

Preloading was done with Ringer’s lactate at a rate of 
10 ml/kg. In left lateral position using 25-gauge Quincke 
needle at the L2–L3 or L3–L4 interspace, spinal anesthesia 
was administered. Heart rate, noninvasive blood pressure, 
SpO2, and respiratory rate were monitored. Bradycardia and 
hypotension were treated when heart rate <60 beats/min and 
mean arterial pressure (MAP) <60 mmHg and treated with 
intravenous (IV) boluses atropine 0.6 mg and ephedrine 6 mg, 
respectively. Nausea and vomiting if any treated with injection 
ondansetron 4 mg IV. Intraoperatively, parameters assessed 
are time taken for maximal cephalad spread, maximum 
cephalad level of sensory block, two segment regression 
time to T10, time to motor block Bromage 1, duration of the 
motor block, time for rescue analgesia, and Apgar score at 
5 min. Postoperative heart rate, noninvasive blood pressure, 
SpO2, respiratory rate, and side effects (nausea, vomiting, 
hypotension, and bradycardia) were observed and recorded for 
every 30 min till 3 h, hourly till 12 h, and then every 4th hourly 
till 24 h. Data are presented as mean ± standard deviation, 
median and range or number of parturients where appropriate. 
Calculation and data analyses were performed using  SPSS 
version 20 (IBM Corp, Armonak, NY, USA). Chi-square test 
was used to compare nominal categorical data between study 
groups. Student’s t-test has been used to find the significance 
of study parameters on continuous scale between two groups. 
Differences were considered to be statistically significant if 
P < 0.05.

results

There were no significant differences between the two groups 
in demographic data, ASA classification, induction to incision 

time, and duration surgery (P > 0.05) Table 1. Hemodynamic 
parameters were similar in both groups (P > 0.05) 
[Figure 1 and Table 2].

There was no statistical difference between the time for 
maximal cephalad spread and maximum sensory block 
height (T4). Two-segment regressions, regression time to 
T10, duration of motor block, and rescue analgesia showed 
the significant statistical difference. Prolonged duration of 
postoperative sensory and request for rescue analgesia was 
found in Group F – 112.97 ± 19.42, 231.26 ± 10.92 min as 
compared to Group L – 100.37 ± 10.64, 185.93 ± 11.09 min 
and duration of motor blockade was prolonged in 
Group L – 87.83 ± 15.04 min than Group F – 79.20 ± 8.93 min. 
Time to motor blockade (Bromage 1) and Apgar score at 5 min, 
on the other hand, did not show difference [Table 3].

Figure 1: Comparison of mean arterial pressure between two groups

Table 1: Demographic profile and ASA status of patients, 
Surgical characteristics

Demography Group L Group F
Age (years) 25.07±3.973 25.13±4.13
Weight (kg) 60.10±6.53 57±4.37
Height (cm) 157.97±5.33 154.67±5.01
ASA I:II 26:4 27:3
Surgery duration 51.83±12.95 44.23±12.28
Induction to incision time 4.2±1 5±1
ASA=American Society of Anesthesiologists

Table 2: Side-effect profile

Parameter Group L Group F P
Hypotension 6 (30) 5 (30) NS
Bradycardia 3 (30) 2 (30) NS
Nausea 4 (30) 3 (30) NS
Vomiting - - NS
NS=Not significant
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dIscussIon

This study demonstrates that 12.5 μg fentanyl added to 7.5 mg 
of 0.5% levobupivacaine provides adequate anesthesia which is 
similar to that obtained from 10 mg of 0.5% levobupivacaine 
for cesarean section, and the lower dose of local anesthetic 
used with fentanyl may offer the advantage of shorter duration 
of motor block.

It has been well documented that a combination of opioids and 
local anesthetics administered intrathecally has a synergistic 
analgesic effect.[4,5] Kuusniemi et al. found that the addition 
of fentanyl 25 μg to 5 mg of bupivacaine for spinal anesthesia 
resulted in effective anesthesia with motor block of short 
duration[8] Ben-David  et al. found that a small dose of fentanyl 
(10 μg) added to dilute bupivacaine (3 ml of 0.17% solution) in 
ambulatory patients undergoing knee arthroscopies intensified 
and increased the sensory block without increasing the intensity 
of motor block or prolonging recovery.[9]

Bremerich et al .  found that, compared to 7.5 mg 
levobupivacaine, 10 and 12.5 mg levobupivacaine prolonged 
the duration of effective analgesia postoperatively (45 vs. 
81 and 96 min, respectively).[6] These authors recommended 
10 mg levobupivacaine for parturients undergoing elective 
cesarean section with spinal anesthesia. In our study, the dose 
used was similar. The lower dose of local anesthetics used 
with fentanyl may offer the advantage of shorter duration of 
motor block.

Goel et al. found that fentanyl 12.5 μg added to low-dose 
bupivacaine 5 mg intrathecally provides better surgical 
anesthesia and increased the reliability of block than intrathecal 
fentanyl 7.5 or 10 μg. Hemodynamic stability was the same 
for all dose combinations used.[10]

Gunusen et al. found that levobupivacaine 7.5 mg plus fentanyl 
15 μg was found to be suitable due to the lower incidence of 
hypotension than when levobupivacaine 10 mg is used.[2]

According to a report by Van Gessel et al., the decrease in 
MAP was significantly more severe in the hyperbaric (30%) 
than in the isobaric (18%) or hypobaric (14%) solutions. We 
used isobaric solution and decrease in MAP was comparable 
between the two.[11]

Lee et al. compared the clinical efficacy, motor block, and 
hemodynamic effects of using 2.6 ml of 0.5% levobupivacaine 
and 2.3 ml of 0.5% levobupivacaine with fentanyl 15 μg 
during urological surgery and showed that levobupivacaine 
with fentanyl was as effective as levobupivacaine alone[12] Lee 
et al. found that the highest level of sensory block was similar 
between the two groups and the resolution of motor block was 
faster in the combination group than in the levobupivacaine 
group, which was similar to our study.

The clinical significance of a reduced duration of motor block 
resulting from lower dose levobupivacaine plus fentanyl 
would be early ambulation. Pharmacological profile of 
levobupivacaine reveals no fetal toxicity. For subarachnoid 
block, small quantities of levobupivacaine were used and the 
rate of drug absorption from the subarachnoid space is low, 
thereby reducing the potential fetal drug load to about 1/10 
of that given epidurally. In the present study, neonatal Apgar 
scores (neonatal outcome) showed no evidence of neonatal 
depression and limitation of our study being cord blood arterial 
blood gas was not analyzed.

conclusIon

Both regimes are effective. Fentanyl added to levobupivacaine 
during subarachnoid block offers faster onset of sensory block, 
prolonged duration of sensory block, and shorter duration of 
motor blockade; this might help early ambulation as an added 
advantage over sole levobupivacaine in cesarean section.
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Original Article

IntroductIon

Pain is “an unpleasant sensory or emotional experience associated 
with actual or potential tissue damage, or described in terms of 
such damage.” It is an unpleasant effect associated with significant 
psychological and physiological changes during surgery and 
postoperative period. This can be overcome by the use of suitable 
drugs and techniques. Regional anesthetic techniques have 
specific advantages both for standalone anesthesia or as analgesic 
supplements for intraoperative and postoperative care.

Brachial plexus blockade is a time-tested technique for the 
upper limb surgeries.[1] The first supraclavicular brachial plexus 
block was performed by  Kulenkampff in 1912.[2] The classical 
approach using paresthesia technique is a blind technique and 
may be associated with a higher failure rate and injury to the 
nerves and surrounding structures.[3] To avoid some of these 

problems, use of peripheral nerve stimulator was started which 
allowed better localization of the nerve/plexus.[4,5] However, 
this technique may not be foolproof with persistent risk of 
injury to surrounding structures, especially vascular structures, 
nerves,[6] and pleura leading to pneumothorax.[7]

The application of ultrasound technique for exact localization 
of nerves/plexus[7] has revolutionized the regional anesthesia 
field where in ultrasound probes with suitable frequencies have 
been successfully tried.

Introduction: Brachial plexus blockade is a time-tested technique for upper limb surgeries. The classical approach using paresthesia 
technique is a blind technique and may be associated with a higher failure rate and injury to the nerves and surrounding structures. To avoid 
some of these problems, use of peripheral nerve stimulator and ultrasound techniques were started which allowed better localization of the 
nerve/plexus. Ultrasound for supraclavicular brachial plexus block has improved the success rate of the block with excellent localization as 
well as improved safety margin. Hence, this study was planned for comparing the efficacy of conventional supraclavicular brachial plexus 
block with ultrasound-guided technique. Subjects and Methods: After obtaining the Institutional ethical committee approval and patient 
consent total of 60 patients were enrolled in this prospective randomized study and were randomly divided into two groups: US (Group US) 
and C (Group C). Both groups received 0.5% bupivacaine. The amount of local anesthetic injected calculated according to the body weight and 
was not crossing the toxic dosage (injection bupivacaine 2 mg/kg). The parameters compared between the two groups were lock execution time, 
time of onset of sensory and motor block, quality of sensory and motor block success rates were noted. The failed blocks were supplemented 
with general anesthesia. Results: Demographic data were comparable in both groups. The mean time taken for the procedure to administer a 
block by eliciting paresthesia is less compared to ultrasound, and it was statistically significant. The mean time of onset of motor block, sensory 
blockade, the duration of sensory and motor blockade was not statistically significant. The success rate of the block is more in ultrasound 
group than conventional group which was not clinically significant. The incidence of complications was seen more in conventional method. 
Conclusion: Ultrasound guidance is the safe and effective method for the supraclavicular brachial plexus block. Incidence of complications 
are less as ultrasound provides real-time visulaization of underlying structures  and the spread of local anaesthetic.

Keywords: Paresthesia, supraclavicular block, ultrasound
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Ultrasound for supraclavicular brachial plexus block has 
improved the success rate of block with excellent localization as 
well as improved safety margin.[8] Hence, a study was planned 
for comparing the efficacy of conventional supraclavicular 
brachial plexus block with ultrasound-guided technique.

subjects and methods

After approval by the Institutional Ethics Committee and 
written informed consent obtained from all patients, 60 patients 
who satisfied the inclusion and exclusion criteria, undergoing 
surgeries of the upper limb were selected for the study.

Patients of either sex, aged between 18 and 50 years, with 
the American Society of Anesthesiologists (ASA) physical 
Classes I and II posted for elective upper limb surgeries were 
included in the study.

A patient who refuses, age <18 years and >50 years of age, 
with significant coagulopathy, peripheral neuropathy, physical 
Classes III and IV patients; pregnant patients, allergy to local 
anesthetics (LAs), significant preexisting systemic diseases, 
emergency surgical procedures were excluded from the study.

All the patients were fasted adequately and were premedicated 
with tablet diazepam 10 mg and tablet ranitidine 150 mg in 
the night before surgery and in the morning of surgery. In 
the operation theater, patients were monitored with  pulse 
oximetry (SpO2), noninvasive blood pressure, and 
electrocardiogram. No other sedation was given till the 
evaluation of the block was completed.

The patients were randomly allotted by closed envelope technique 
into either of the two groups, namely, US-guided (Group US) 
or C-guided (Group C). The respective equipment was kept 
ready, and the drugs were loaded maintaining sterility. The 
drug used was a 25 ml of 0.5% bupivacaine +0.25 ml sodium 
bicarbonate +5 cc normal saline. The amount of LA injected 
was calculated according to the body weight and was within 
the upper limit of not crossing the toxic dosage (injection 
bupivacaine 2 mg/kg). The patients were positioned supine 
with the arms by the side, and head turned to the opposite 
side by 45°. The proposed site of the block was aseptically 
prepared and draped.

In Group US, block is performed after real-time visualization 
of the vessels, nerve, and bone. In-plane approach, using 10 ml 
syringe-containing LA was injected, and the drug distribution 
was noted. This procedure was done using Sonosite HM® 
ultrasound machine available with high frequency linear 
38/6–13 MHz transducer and 38 mm linear array probe 
in-plane approach using 5 cm 22G block needle.

In Group C, conventional supraclavicular brachial plexus was 
performed by eliciting paresthesia in the forearm and hand and 
when paresthesia was obtained we withdrew the needle about 
1–2 mm and then, the drug was injected.

The time taken for the procedure, the onset of sensory and 
motor blockade was noted. Intraoperatively, hemodynamics 

were monitored at regular intervals. Following completion of 
surgery, the patients were monitored to assess the quality and 
duration of postoperative analgesia. Thus, the patients were 
asked to classify analgesia as no pain, mild pain, moderate 
pain, or severe pain every hour for the first 6 h, and then, again 
at 8 and 10 h. At the time of each subsequent assessment, 
patients were observed and/or questioned about any subjective 
and/or objective side effects (sedation, nausea, vomiting or 
respiratory depression, and neurological injury).

The various parameters noted were:
• Time taken for the procedure
• Onset and duration of sensory neural blockade
• Onset and duration of motor blockade
• Overall effectiveness of the block/success rate
• Incidence of complications.

Grading of sensory blockade
• I = No difference
• II = Some difference but cold still sensed in blocked arm
• III = No cold sensation in blocked arm.

Grading of motor blockade
• I = Normal power
• II = Reduced power
• III = Complete loss of power.

Data will be collected every 3 min for the first 15 min, 
subsequently every 5 min for 15 min and later every 10 min 
for 30 min and every 15 min till the end of surgery and at least 
for 8 h postoperatively. Assessment of complete recovery of 
both sensory and motor blockade will be done for at least 8 h 
postoperatively. The assessment will be continued every 4th h 
for subsequent 24 h if blockade prolongs more than 8 h

Statistical analysis
Results were statistically analyzed using Chi-square and 
Fisher’s exact tests. Nonparametric values were analyzed 
using Student’s t-test.

results

There were no significant differences between both groups with 
respect to demographic data as shown in Table 1.

The mean time taken for the procedure to administer a block 
by eliciting paresthesia (Group C) was 5.33 min, whereas using 
ultrasound (Group US), it was 9.96 min. This was clinically 
and statistically significant Table 2.

Table 1: Demographic data

Mean±SD P

Group C Group US
Age (years) 33.7±10.10343 33.53±9.004 0.946
Weight (kg) 60.53333±10.09578 61.53±8.977 0.686
Sex 23±7 19±11 0.3985
SD=Standard deviation
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The mean time of onset of sensory blockade in Group C 
was 11.26 ± 3.48 min. In Group US, it was 11 ± 2.94 min. 
The slightly delayed onset of sensory blockade in Group C 
is however not statistically significant. Duration of sensory 
blockade in Group US was more than Group C Table 3.

The onset of motor block was within 16.06 ± 4.49 min in 
Group C and 14.9 ± 3.62 min in Group US group. This was 
not clinically or statistically significant. Duration of motor 
blockade was not statistically significant in both groups 
Table 4.

The block was successful in 66.6% of patients in Group C 
compared to 80% in Group US. Of the remaining patients, 
partial block requiring additional sedation/analgesia was 13.2% 
in Group C and 6.66% in Group US. Total failure of block 
occurred in 20% in Group C compared to 13% in Group US. 
These were comparable both clinically and statistically. Two 
patients in Group US and four patients in Group C required 
additional sedation/analgesia Table 5.

The incidence of vessel injury/hematoma was not noticed 
in Group US whereas it was 16.67% in Group C which was 
statistically significant. Incidence of nerve injury was 3.33% in 
Group C compared to nil in Group US. There was no incidence 
of pneumothorax in either groups [Table 6].

dIscussIon

Peripheral nerve blocks are cost-effective anesthetic techniques 
used to provide good quality anesthesia and analgesia 
while avoiding airway instrumentation and hemodynamic 
consequences of general anesthesia. Patient satisfaction, a 
growing demand for cost-effective anesthesia and a favorable 
postoperative recovery profile have resulted in increased 
popularity for regional techniques. Brachial plexus block is an 
easy and relatively safe procedure for the upper limb surgeries.

Lanz et al.[9] showed that blockade of the brachial plexus with 
a technique directed near the first rib (at the level of trunks 
and divisions of brachial plexus) provides the most reliable, 
uniform, and predictable anesthesia for the upper extremity. 
It can be given either after eliciting paresthesia or using nerve 
stimulator.

Frequently cited disadvantages of paresthesia technique 
include patient discomfort on eliciting paresthesia and that its 
success is highly dependent on the cooperation of the patient. 
The presence of phrenic or cervical sympathetic nerve blockade 
normally requires only reassurance. Although nerve damage 
can occur, it is uncommon and usually self-limited.[10]

This study was done in patients undergoing upper limb 
surgeries with the similar demographic profile. The study 
done by Morros et al. suggest that the use of ultrasound in 
regional anesthesia requires the acquisition of new knowledge 
and skills not only by anesthesiologists in training but also 
by anesthesiologists experienced in neurostimulation-guided 
peripheral nerve blocks.[11]

Williams et al.[12] found that the amount of practice necessary 
to master supraclavicular blockade remains an open question. 
One of the studies examining the number of brachial plexus 
blocks needed to attain a reasonable degree of proficiency 
with the technique estimated that at least 62 blocks should 
be performed to achieve a success rate of 87%. This number 
of blocks may not allow most residents to complete their 
nerve block learning curve before entering practice. The 
longer time for the block performance found in Group US 
can be explained by the moderate experience and skills in 
using the ultrasound.

Table 5: Overall effectiveness of the blockade

Group C Group US Test P
Totally effective 20 24 Chi-square 

test
0.489118

Partially effective 4 2
Failure 6 4
Total 30 30

Table 6: Complications

Groups Complications Count (%)
Group C Nerve injuries 1 (3.33)

Vessel puncture 5 (16.67)
Pneumothorax 0
Nil 24 (80.0)

Group US Nil 30 (100)

Table 2: Block execution time in both groups

Mean±SD P

Group C Group US
Time taken for the 
procedure (min)

5.366667±1.449931 9.966666±2.442205 0.0001

SD=Standard deviation

Table 3: Onset and duration of sensory block

Mean±SD P

Group C Group US
Onset of sensory 
blockade

11.26667±3.483 11±2.94 0.7500

Duration of 
sensory blockade

393.2±95.33 444.16±116.27 0.0994

SD=Standard deviation

Table 4: Onset and duration of motor blockade

Mean±SD P

Group C Group US
Onset of motor 
blockade

16.06±4.494 14.9±3.623201 0.272926

Duration of 
motor blockade

409.16±86.49 409.16±94.03 0.6338

SD=Standard deviation
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The onset of sensory blockade in all the major nerve 
distributions was similar in the conventional and ultrasound 
groups in our study. Onset time of sensory block in our study 
was similar to the study done by Danelli et al. The times for 
sensory and motor blocks in the distribution of radial, axillary, 
and musculocutaneous nerves were assessed every 5 min 
until 30 min from the end of LA injection., They found that 
block onset times and success rate were similar whether nerve 
stimulation or US was used although US guidance allowed 
shorter procedural times, fewer needle punctures, and fewer 
vascular punctures.

In contrast, Marhofer et al. found that the onset time was 
significantly shorter in the US-guided group compared with 
both NS-guided Group A (US guidance with 20 mL 0.5% 
bupivacaine), Group B (received 20 mL 0.5% bupivacaine 
using NS guidance), Group C (received 30 mL 0.5% 
bupivacaine using nerve stimulator) (Group A: 13 ± 6 min; 
Group B: 27 ± 12 min; and Group C: 26 ± 13 min; P < 0.01 
to Groups B and C). The quality of sensory block was 
significantly better in ultrasound group than nerve stimulator.[13]

Williams et al. compared ultrasound and nerve stimulator for 
the supraclavicular brachial plexus block. They have reported 
that in Group US, 85% of blocks could be successfully 
achieved (surgical anesthesia) without supplementation, 
compared with 78% in nerve stimulator group. General 
anesthesia was required in 0% and 8% of US and NS patients, 
respectively.[12] The present study showed that out of thirty 
patients in ultrasound group, 24 blocks (80%) were completely 
successful; two blocks (6.66%) were incomplete and needed 
supplementation; four blocks (13.3%) failed and required 
general anesthesia. Out of thirty patients in conventional group, 
twenty blocks (66.66%) were completely successful; four 
blocks (13.2%) were incomplete and needed supplementation; 
and 6 blocks (20%) failed and required general anesthesia.

From Williams et al. found that the onset of motor blockade 
paralleled that of sensory blockade. We found the similar 
outcome in our study.

Kapral et al. studied ultrasound-guided supraclavicular block. 
They found that there was no significant difference in the extent 
of the motor or sensory block of the ulnar, median, and radial 
nerve between the two groups 1 h after application of block. 
The onset of plexus block was similar in both groups between 
10 and 20 min, with complete analgesia occurring in 40 min.[14] 
In the present study, the duration of sensory blockade was more 
in ultrasound group than the conventional group which was 
not statistically significant.

In contrast, Kapral et al. compared ultrasound and nerve 
stimulator-guided supraclavicular brachial plexus block in 
160 patients and found that sensory, motor, and extent of 
blockade was significantly better in the ultrasound group when 
compared with the nerve stimulation group.[15]

Yuan et al. studied the complications of US and peripheral 
nerve stimulator guidance for upper extremity peripheral nerve 

blocks (brachial plexus) and found that US decreases the risks 
of complete hemi-diaphragmatic paresis or vascular puncture 
and improves the success rate of brachial plexus nerve block 
compared with techniques that utilize percutaneous nerve 
stimulation for nerve localization.[16] Larger studies are needed 
to determine whether or not the use of US can decrease the 
risk of neurologic complications.

Neurological complications following peripheral nerve blocks, 
i.e., postblock neuralgia[17] show an incidence of 1.7% up to 
12.5%.[18]

Symptoms mostly are moderate and transitory with a tendency 
of spontaneous recovery within times related to nerve 
regeneration and repair mechanisms. Interestingly, Kaufman 
et al. reported a series of seven patients suffering from severe, 
debilitating chronic pain states after peripheral nerve blocks.[19] 
In our study, one patient in the conventional group developed 
neuropraxia and weakness in radial nerve distribution of 
the blocked arm postoperatively. The patient was started on 
steroids. The patient was followed up for 1 month. The patient 
recovered well within 1 month.

Fear of pneumothorax limits the use of the supraclavicular 
technique. The incidence of pneumothorax with the classic 
supraclavicular technique ranges from 0.5% to 6%.[20] No patients 
in our study showed any clinical evidence of pneumothorax.

Kapral et al. observed no complications such as pneumothorax, 
puncture of a major blood vessel, paresis or irritation of the 
plexus, recurrent laryngeal nerve, or the phrenic nerve in his 
study of ultrasound-guided supraclavicular approach brachial 
plexus blockade.[15]

Drawbacks of the study
There was no blinding in data collection which was a possible 
source of bias in the present study. The moderate experience of 
the specialist may have contributed to more procedural times; 
however, this need not possibly affect the outcome with respect 
to major study parameters.
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Introduction

Ichthyosis is derived from a Greek word, ichthys, which means 
fish. It refers to a fish-scale-like appearance of skin. Ichthyoses 
are disorders of skin characterized by dry, scaly and thickened 
skin. Ichthyosis may involve the skin alone or other organs also, 
and may be inherited or acquired. The mode of inheritance 
is autosomal or X-linked, and can be dominant or recessive. 
The 3 major types of autosomal recessive congenital ichthyosis 
are Harlequin ichthyosis, lamellar ichthyosis, and congenital 
ichthyosiform erythroderma. Harlequin ichthyosis is the least 
common and most severe form.
The first case was reported in South Carolina, United States of 
America, in 1750 by Hart(1). The first case diagnosed antenatally 
was reported in 1983(2). Antenatal diagnosis in suspected cases 
can be confirmed using electron microscopy of fetal skin biopsy 
and DNA-based diagnosis with chorionic villus sampling or 
amniocentesis(3). There is no cure for this condition and only 
supportive treatment can be given to prolong life.

Case Report

A primigravida woman aged 20 years registered with a private 
practitioner, reported to the labor room with 33 weeks’ of 

gestation with preterm premature rupture of membranes in 
latent labor with breech presentation. A history of 2nd degree 
consanguinity was noted with 9 months of married life. An 
earlier scan detected polyhydramnios. The other abnormalities 
were not appreciated on the scan. She underwent emergency 
cesarean section in view of footling presentation and a female 
baby weighing 1.9 kg was delivered on December 22nd,  2016. 
The baby had white porcelain-like skin covering the body like 
armor with deep creases all over the body as shown in Figure 1. 
Bleeding was noticed from the creases. The baby had a weak cry 
at birth. Eyelids and lips were everted showing ectropion and 
eclabion, respectively. Nasal hypoplasia with two nostrils was 
seen. The mouth was open with thick lips as seen in Figures 2 
and 3. The ears were small with closed pinna. The fingers and 
toes were flexed and fixed flexion deformity noticed, as seen in 
Figure 4. The heart rate and respiratory rate were normal. The 
baby was sent to the neonatal intensive care unit for further 
management.
Later, the baby’s skin was noticed to peel off leaving erythematous 
fissures. A peripheral intravenous line could not be secured and 
the umbilical vein was accessed. Conservative management was 
given with intravenous antibiotics, emollients, and retinoids. 
Feeds were given through a Ryles tube. The baby died on the 

Öz

Harlequin iktiyozis yenidoğanların cildini etkileyen nadir bir durumdur. Dehidrasyona sebep olan cildin zayıf bariyer fonksiyonuyla ilişkilidir ve yenidoğanın 
enfeksiyona yatkın olmasına sebep olur. Adenozin trifosfat bağlayıcı kaset A12 genindeki mutasyonların otozomal resesif hastalık olarak iletilmesi sebebiyle 
oluşur. Bu olgular için tanı oldukça zayıftır. Bu durumdaki bir olguyu sunuyoruz.
Anahtar Kelimeler: Harlequin iktiyozis, adenozin trifosfat bağlayıcı kaset A12, otozomal resesif
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Abstract

Harlequin ichthyosis is a very rare condition that affects the skin of newborns. It is associated with poor barrier function of the skin leading to dehydration 
and leaves newborns prone to infections. It is due to mutations in adenosine triphosphate binding cassette A12 gene transmitted as an autosomal recessive 
disorder. The prognosis is very poor in these cases. Here, we report one such rare case.
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3rd day. The parents refused an autopsy and skin biopsy of the 
baby.
The parents were called for genetic counseling.

Discussion

Harlequin ichthyosis is also known as Harlequin baby 
syndrome/Harlequin fetus syndrome/ichthyosis congenita. 
The word Harlequin is derived from a similar appearance of 
a comic servant character. Harlequin ichthyosis is a rare form 
of congenital ichthyosis with an overall incidence of 1 in 
300,000 births(3). Approximately 200 cases have been reported 
throughout the world(4). Recently, one case was reported in 
June 2016 at Nagpur, India, published in the International 
Journal of Pharmacy(5). It is inherited as an autosomal recessive 
condition(3). It can affect male and female children equally. It 
occurs due to a mutation in the adenosine triphosphate binding 
cassette A12 (ABCA12) gene, which is responsible for the 
exocytosis of lipid-containing lamellar granules, which control 
the process of desquamation(6). The locus for the ABCA12 gene 
lies on chromosome 2q35(7). The major types of mutations 
responsible for this are nonsense mutations or frameshift 
mutations(7). This condition can be diagnosed antenatally by 
scanning with the following features: polyhydramnios (seen 
in this case), echogenic amniotic fluid, fetal growth restriction, 
eyes closed with eversion of the eyelids and lips (ectropion and 
eclabion, respectively), flat nose, mouth wide open, ears not 
well formed, flexion of extremities, mottled, breeched skin of 
the face and limbs, hyperflexion of fingers and toes, absence 

Shruthi et al. Harlequin ichthyosis: A rare case

Figure 1. Skin of the baby at birth showing armor-like covering 
with creases

Figure 2. Bleeding from the creases with ectropion and thick lips 
with mouth open

Figure 3. Ectropion, open mouth and thick lips seen. Emollients 
applied and the baby covered with sterile gauze
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of opening movements of fingers(1). A 3D scan is better for 
diagnosing this condition.
Life-threatening complications include dehydration, 
supervening infections, and respiratory insufficiency. The 
prognosis is very poor. Most affected babies do not survive 
beyond the first week of life. It has been reported that the 

survival rate varies from 10 months to 25 years with supportive 
treatment depending on the severity of the condition(8). 

Recurrence of this condition in the next pregnancy is 25%(1). 
Genetic counseling should be undertaken for these cases.
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Abstract Follow-up and surveillance form an important as-
pect of care in patients with colorectal cancers (CRC). Most
recurrences will occur within 2 years of surgery and 90% by
5 years. Follow up protocols have not been well defined in
stage I disease and the approach should be individualized. As
40% of patients with stages II and III will develop recurrences,
intensive postoperative follow-up strategy is recommended
for them. It includes visit to the clinician for clinical examina-
tion, serum carcinoembryonic antigen (CEA), computed to-
mography (CT) of the chest and abdomen, colonoscopy, and
flexible proctosigmoidoscopy in rectal cancers. Surveillance
should be undertaken in those who are medically fit for repeat
surgical procedures or for chemoradiotherapy. The concept of
intensive post operative surveillance is based on the fact that
some of these patients can have resectable/curable recurrence.

Keywords Colorectal cancer . Follow-up . Surveillance

Introduction

Follow-up and surveillance form an important aspect of care in
patients with colorectal cancers (CRC). The primary aim is to
detect an early recurrence and timely intervention in these patients.
In spite of advances in chemoradiotherapy both in the adjuvant
and neoadjuvant setting, surgery still remains the single best mo-
dality for treatment in CRC. Majority of recurrences will occur
within 2 years of surgery and 90% by 5 years. Once a patient
exceeds 5 years after surgery without recurrence, the chances of
developing a recurrence later become remote. Follow-up protocol
differs betweenmajor societies and expert groups. Some advocate
intensive postoperative surveillance in a bid to detect potentially
curable recurrences at the earliest possible time. Meta analyses
have shown a survival benefit with such an approach.

In this review, we would discuss the intensive postopera-
tive surveillance for 5 years, evidence on the effectiveness of
such strategy and the recommendations of various expert
committees.

Stage II and Stage III Disease

Forty percent of patients with stage II and III will develop
recurrences. We recommend intensive postoperative surveil-
lance for patients with resected stage II or III CRC who would
be considered candidates for aggressive treatment, including
curative intent surgery.

Intensive Postoperative Follow-up Strategy

1. A visit to the clinician for clinical examination every 3 to
6 months for the first 3 years, and every 6 months in the
4th and 5th year.
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2. Serum carcinoembryonic antigen (CEA) level at every
follow-up for the first 3 years.

3. Computed tomography (CT) of the chest, abdomen, and
pelvis yearly for at least 3 years.

4. Colonoscopy at 1 year and subsequently at 3 to 5 years
intervals (provided a full length colonoscopy was done
prior to surgery, if not, then a colonoscopy at 3 months
post operatively).

5. Flexible proctosigmoidoscopy every 6 months for 3 to
5 years in patients with rectal cancers and low anterior
resection who have not received pelvic irradiation.

Rationale for Intensive Postoperative Surveillance
Program

The possibility of early detection of a potentially curable recur-
rence drives the concept of intensive postoperative follow-up strat-
egy. Re-resection can cure some of them with limited recurrence.
These sites can be local or metastatic, e.g., localized recurrent
rectal cancer or limited liver or lung metastasis. Asymptomatic
recurrences have more potential for curative resection and have
better overall survival [1–4]. Though, on the contrary, symptom-
atic recurrences should not be discarded as unresectable.
According to Eastern Cooperative Oncology Group ( ECOG),
25% of resectable cases in recurrent colon cancer were symptom-
atic [5]. A meta-analysis including 4055 patients with CRC ana-
lyzed 11 trials comparing intensive postoperative follow-up ver-
sus no follow-up with CRC [4]. The intensive follow-up group
was associated with higher probability of detecting asymptomatic
disease recurrence and curative intent surgery at recurrence.

When intensive postoperative surveillance was compared
head to head with less intensive strategies, 6 of 11 randomized
controlled trials (RCT) [6–16] and five meta-analyses conclude
that there is a survival benefit with intensive post surgery surveil-
lance [4, 17–20]. It is to note that in these RCTs and
meta-analyses, the follow-up protocol was not similar and many
even included stage I disease along with stage II and stage III.

Although Choe et al. [21] suggested more frequent colo-
noscopy in patients with age > 65 years, male gender, and
left-sided colon cancer, there has been no concrete evidence
presently to suggest that any more frequent imaging/ surveil-
lance is required even in so called high-risk CRC like perfo-
rated colon cancer and poor differentiation.

Components of Intensive Postoperative Surveillance

1. History and physical examination (H and P)

A visit to the clinician is advised for every 3 to 6 months for
the first 3 years and then 6 monthly in the 4th and 5th year.

History should try to elicit symptoms of a recurrence, e.g., recent
alteration in bowel habits, bleeding per rectum, pain abdomen,
and perineal pain in rectal cancers, whereas physical examination
should be directed to look for any signs of recurrence, e.g., asci-
tes, hepatomegaly, and supra clavicular lymphadenopathy.
Recurrent disease detection based on H and P alone varies from
15 to 40% [7, 10]. The argument against H and P being an
effective strategy is that most recurrences that might be potential-
ly resectable ( liver or lung metastasis) will be asymptomatic and
will be missed with H and P alone. In spite of this, H and P
should be the first step in the strategy.

2. Carcinoma embryonic antigen ( CEA )

CEA is an oncofetal protein that is elevated in patients with
CRC. It is not specific toCRCs and can be elevated inmany other
cancers. CEA testing is the only consistent laboratory investiga-
tion that has been recommended by many expert groups
[National Comprehensive Cancer Network (NCCN), European
Society For Medical Oncology (ESMO), American Society Of
Clinical Oncology (ASCO), British Columbia Medical
Association] even in those patients who had normal or near nor-
mal preoperative CEA levels. Zeng et al. [22] from Memorial
Sloan-Kettering Cancer Centre (MSKCC) in their study showed
that there is no correlation between tumor tissue CEA and serum
CEA levels. They studied 114 CRC cases with low preoperative
serum CEA levels of which 94% (109) were found to be tumor
tissue CEA-positive. Furthermore, they could not establish any
correlation between preoperative CEA level, the intensity of tu-
mor tissue CEA and postoperative CEA elevations in recurrences
thus justifying CEA level monitoring postoperatively even in
patients with normal/low preoperative CEA levels.

Advantages of CEAThe level of CEA correlates with disease
burden. It should return to normal in patients who have under-
gone curative resection. Residual disease should be suspected if it
does not return to normal. Sixty percent to 90% of patients with
relapse have an elevatedCEA.CEAdetects recurrent disease 2 to
5 months prior to detection by any other means [23, 24].

Disadvantages of CEA Cost effectiveness of serial CEA test-
ing is doubtful. Ten percent to 40% of recurrences have no
elevation of CEA and as of now, no data showing CEA testing
improves survival.

Most guidelines recommend CEA testing once in every 3
to 6 months though no study yet has demonstrated a survival
advantage with less frequent or more frequent testing. Values
between 5 to 10 ng/dl have to be rechecked to avoid false
elevations. In a retrospective review, 49% of patients had false
elevations of CEA at least once in follow-up and 93% of these
had values between 5 to 10 ng/dl [25]. None of the false
positives had elevations >35 ng/dl.
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Liver function tests (LFT), complete blood count (CBC),
and fecal occult blood lack sensitivity and specificity are not
part of the surveillance strategy.

3. CT scan

Meta-analyses report a survival advantage when CT scan
was a part of postoperative surveillance. Liver imaging is im-
portant in cases with colon cancer and lung imaging with
rectal cancers. The evidence for chest surveillance is weak
as compared with liver imaging as none of the meta-
analyses address chest imaging separately. Survival benefit
is maximum in surveillance protocols when CT scan is com-
bined with CEA. Surveillance CT scan of the chest and abdo-
men annually in the first 3 years is the standard recommenda-
tion for all resected stage II and stage III patients.

The role of positron emission tomography (PET) in the
detection of recurrences after curative resection is not yet
established. Presently, PET is not recommended by expert
groups. Chest X-ray does not form a part of standard surveil-
lance protocols. CT scan of the chest is preferred over a chest
X-ray due to its higher sensitivity.

4. Perioperative colonoscopy

Synchronous colonic malignancies occur in 2 to 5% of cases.
If obstructing lesions preclude performing a colonoscopy preop-
eratively, it should be performed postoperatively at 3months. If a
full length colonoscopy was performed preoperatively, then ideal
timing to perform colonoscopy would be at 1 year. Colonoscopy
during follow-up is performed with two intentions—(a) to detect
metachronous tumors and (b) to detect anastomotic recurrences.
Three percent of patients develop metachronous tumor within
5 years of surgery, and 50% of these develop within 1 year.
This set may actually represent synchronous tumors that were
missed preoperatively. Thus, majority of expert groups like
ASCO andNCCN recommend follow-up colonoscopy at 1 year.
Survival benefit with follow-up colonoscopy though is doubtful.
Shoemaker et al. [9] randomized 325 patients into either a stan-
dard follow-up protocol or intensive follow-up protocol. The
standard follow-up consisted of CBC, LFT, CEA, and fecal oc-
cult blood every 3 months for 2 years and then 6 months till
5 years. Colonoscopy and CT scan were done only if abnormal-
ities were detected in H and P or blood investigations. Intensive
follow-up protocol in addition had an annual CT scan, chest
X-ray, and colonoscopy. Colonoscopy could only detect eight
cancers and only one was resectable. The authors concluded that
standard follow-up protocol was as good as intensive follow-up
protocol in preventing cancer-related death and that colonoscopy
should be performed at 5 years after surgery. The argument for
performing a periodic colonoscopy is its ability to detect
metachronous tumors and polyps which can be curative. Thus,
the standard recommendation presently is to perform a

colonoscopy at 1 year after surgery and then subsequently at
intervals of 3–5 years in all resected stage II and stage III CRC.

5. Proctosigmoidoscopy

This is best suited for patients with rectal cancers who have
undergone low anterior resection and have not received pelvic
radiotherapy. It is cheap and can be easily performed and better
tolerated with fewer complications as compared with colonosco-
py.Opinion about proctosigmoidoscopy by various expert groups
is mixed though. ASCO recommends proctosigmoidoscopy
whereas NCCN and ESMO deny it. Its usefulness is maximum
in patients who have not received pelvic radiotherapy as they are
most vulnerable to local recurrences.

Confusion and Controversy Regarding Follow-up
Surveillance in Stage I andResected Stage IVDisease

Stage I Disease

Controversy surrounds stage I disease. ASCO guidelines suggest
no need for a follow-up surveillance for asymptomatic stage I
disease. Justifying the above suggestion is the fact that 95% of
patients with stage I disease are cured with surgery. Similarly, the
British Columbia Medical Association and NCCN do not rec-
ommend surveillance for stage I disease. ESMOhowever has the
same follow-up strategy for stage I, II, and III.

Stage IV and Resected

In this subset of patients, does follow-up surveillance improve
survival is not very clear. The strategy for stage II and III need
not be extrapolated on stage IV. The chance of detection of a
recurrence that is amenable for re-resection does exist. ASCO
recommends surveillance in patients with good performance sta-
tus. Patients who are neither fit for any surgical procedure nor can
tolerate chemoradiotherapy need not undergo surveillance.

Summary

Surveillance after surgery forms an important component of
treatment of patients with CRC. The concept of intensive
postoperative surveillance is based on the fact that some of
these patients can have resectable/curable recurrences.
Surveillance should be undertaken in those who are medically
fit for repeat surgical procedures or for chemoradiotherapy.
The surveillance protocol should include H and P, CEA, CT
scan, colonoscopy, and proctosigmodeoscopy when appropri-
ate. Fecal occult blood, CBC, LFT, chest X-ray, and PET
scanning are not recommended. Intensive postoperative
follow-up strategy is recommended for stage II and III dis-
ease. Follow-up surveillance in stage I disease is controversial.
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No recommendations are available by ASCO for stage IV
disease, but NCCN recommends follow-up similar to stage
II and stage III disease.
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ABSTRACT
Omphalocele, Exstrophy of cloaca, Imperforate anus and Spinal defects (OEIS) is a severe manifestation of exstrophy-epispadias 
sequence with a combination of defects including OEIS. It results from improper closure of anterior abdominal wall and defective 
development of cloaca and urogenital septum due to defect in blastogenesis during the 4th week of gestation. Identification of 
this complex is important through foetal autopsy as this condition can recur in siblings. Prenatal diagnosis also helps to prevent 
foetal death with appropriate management in the less severe cases. In severe cases, termination of pregnancy is considered. 
A primigravida with 28 weeks of gestation had delivered a live baby with multiple congenital anomalies; baby died after 10 minutes. 
These anomalies were grouped under OEIS complex.

Keywords: Extrophy of cloaca, Gestation, Placenta

CASE REPORT
A 22-year-old primigravida with 28 weeks of gestation visited in the 
second stage of labour. There was no significant antenatal history 
of exposure to teratogenic drugs, infection, diabetes, hypertension 
and exposure to radiation. Her married life was nine years and it 
was not consanguineous. There was no history of treatment for 
infertility. Her antenatal scan during 17 weeks revealed a single 
live foetus without congenital abnormalities. She delivered a live 
baby weighing 1.16 kg at 28 weeks of gestation with multiple 
congenital abnormalities. The baby died after 10 minutes. There 
was no history of similar malformations and death of a foetus with 
such similar malformations in the family. The dead foetus was sent 
for detailed autopsy examination.

External examination showed the following: Foetus weighed 1.3 kg 
with attached placenta weighed 240 gm, crown-rump length – 
19 cm, crown-heel length – 36 cm, head circumference – 29 cm, 
chest circumference – 19 cm. Placenta and umbilical artery showed 
normal histological features.

Congenital malformations:

•	 A	 large	 defect	 in	 the	 anterior	 abdominal	 wall	 (omphalocele)	
with widened umbilical ring with a circumference of 24 cm 
[Table/Fig-1]

•	 Umbilical	cord	was	 inserted	at	 the	 inferior	border	of	 the	sac	
and splitting of the cord noted

•	 The	 contents	 of	 the	 sac	 were	 liver,	 stomach,	 spleen,	 right	
kidney with attached bladder, left kidney, pancreas, loops of 
intestine with dilated distal loops filled with meconium, bilateral 
testis [Table/Fig-2]

•	 External	genitalia	was	not	 identified	except	 two	small	 ridges	
[Table/Fig-3]

•	 Lumbosacral	meningocele	measuring	7	cm	in	diameter	[Table/
Fig-3]

•	 Imperforate	anus	with	absence	of	genitelia	–	there	was	no	anal	
opening in the perineal region [Table/Fig-4].

•	 Exstrophy	of	bladder	-	anterior	wall	of	bladder	was	defective.

Based on the presence of four cardinal anomalies diagnosis of 
OEIS complex was rendered.

DISCUSSION
OEIS is a rare complex in which clustering of many common 
malformations occurs. It was first described by Carley et al., in 
1978. It is a midline defect comprised OEIS. The incidence is one 
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[Table/Fig-1]:	Omphalocele:	Large	anterior	abdominal	wall	defect	with	herniation	
of viscera, covered by thin amniotic membrane.

[Table/Fig-2]: Contents of omphalocele sac.
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in 200,000 to 400,000 pregnancies [1,2]. OEIS complex is a severe 
form in spectrum of congenital defects of exstrophy-epispadias 
sequence, which includes phallic separation with epispadias, 
pubic diastasis, exstrophy of bladder, cloacal exstrophy and OEIS 
complex [3].

OEIS complex is a severe form of exstrophy-epispadias complex 
which results from improper closure of ventral abdominal wall 
due to failure of cephalocaudal and lateral folding with associated 
defects of cloaca and urorectal septum [4]. Cloaca is a phylogenetic 
embryonic structure and it serves as the only opening for caudal 
parts of digestive, genital and urinary systems. Normally during 
development, these separate into lower abdominal wall with bladder, 
intestine and anus, genital organs, pelvic bones and lumbosacral 
spine. OEIS complex results from developmental defects affecting 
the mesenchyma which is required for the development of 
infraumbilical mesoderm, the urorectal septum and lumbosacral 
somites [5]. Infraumbilical mesoderm gives rise to lower abdominal 
wall, genital tubercles and pubic rami. Therefore, any abnormality 
in mesodermal migration leads to premature rupture of cloacal 
membrane leading to omphalocele and exstrophy of cloaca. 
Genital anomalies due to the failure of fusion of genital tubercles 
and separation of pubic rami. Abnormalities of urorectal septum 

lead to failure of cloacal septation, rudimentary hindgut, persistent 
cloaca and imperforate anus [5].

Although OEIS is sporadic in nature with no obvious aetiology, 
in some cases associated chromosomal aberrations have been 
reported [6]. OEIS complex has been reported in siblings from 
different pregnancies [3]. Association of OEIS with deletion of 
chromosome 1p36 has been reported [5]. It has been suggested 
that the association of OEIS with homeobox gene such as 
homeobox HB9 and retinoic acid and its receptors [7].

OEIS has been reported in association with maternal exposure 
to diazepam, cigarette smoking, maternal obesity and uterine 
fibroids	[5].	Lubala	TK	et	al.	reported	a	case	of	OEIS	with	maternal	
gonococcal infection in early pregnancy and foetal alcohol exposure 
throughout the pregnancy [8].

In the present case, there is no history of such exposure and 
did not have any of the risk factors. There is no similar history of 
malformation in the family.

Beside these cardinal malformations, OEIS complex has been 
reported to have other associated anomalies of central nervous 
system, cardiovascular system, vertebrae, upper urinary tract, 
malrotation, defects in vertebral column, absent appendix, lower 
limb abnormalities like talipes equinovalgus, single umbilical artery 
[4].

In the present case, four cardinal anomalies of OEIS were present 
along with the absence of external genitalia.

CONCLUSION
OEIS complex is a rare congenital abnormality with unknown 
exact aetiology, needs further investigation. Due to the recurrence 
in siblings, diagnosis is of paramount importance in the prenatal 
evaluation of further pregnancies. Treatment varies from appropriate 
perinatal management to termination of pregnancy depending on 
the severity.
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ABSTRACT
Background: Our aim was to utilize a feasible quantitative methodology to estimate the dietary
adequacy of >900 first-trimester pregnant women in poor rural areas of the Democratic Republic
of the Congo, Guatemala, India and Pakistan. This paper outlines the dietary methods used.
Methods: Local nutritionists were trained at the sites by the lead study nutritionist and received
ongoing mentoring throughout the study. Training topics focused on the standardized conduct
of repeat multiple-pass 24-hr dietary recalls, including interview techniques, estimation of portion
sizes, and construction of a unique site-specific food composition database (FCDB). Each FCDB
was based on 13 food groups and included values for moisture, energy, 20 nutrients (i.e. macro-
and micronutrients), and phytate (an anti-nutrient). Nutrient values for individual foods or
beverages were taken from recently developed FAO-supported regional food composition tables
or the USDA national nutrient database. Appropriate adjustments for differences in moisture and
application of nutrient retention and yield factors after cooking were applied, as needed. Generic
recipes for mixed dishes consumed by the study population were compiled at each site, followed
by calculation of a median recipe per 100 g. Each recipe’s nutrient values were included in the
FCDB. Final site FCDB checks were planned according to FAO/INFOODS guidelines.
Discussion: This dietary strategy provides the opportunity to assess estimated mean group usual
energy and nutrient intakes and estimated prevalence of the population ‘at risk’ of inadequate
intakes in first-trimester pregnant women living in four low- and middle-income countries. While
challenges and limitations exist, this methodology demonstrates the practical application of a
quantitative dietary strategy for a large international multi-site nutrition trial, providing within-
and between-site comparisons. Moreover, it provides an excellent opportunity for local capacity
building and each site FCDB can be easily modified for additional research activities conducted in
other populations living in the same area.
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Introduction

The second United Nations Sustainable Development
Goal for 2030 focuses on ending all forms of malnutri-
tion, particularly by addressing the nutritional needs of
women and children living in low-resource settings [1].
Certainly, in recent years great emphasis has been
placed on targeted nutrition interventions during ‘The

First Thousand Days’, the exceptionally vulnerable per-
iod from conception through two years of age when
sub-optimal nutrition can result in long-term negative
physical and developmental consequences, especially
for those living in poverty [2,3].

Women of reproductive-age living in such settings
are likely to be at risk of inadequate nutrient intakes,
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particularly of multiple micronutrients [4]. Yet quanti-
tative dietary data generated from rural areas in low-
and middle-income countries (LMIC) are sparse due to
the intensive and complex work required to compile a
robust food composition database (FCDB), as well as
lack of validated regional database sources. In a strong
effort to overcome the latter issue, steady work has
been done over the past few years to improve the
quality of several regional food composition tables
(FCTs) as shown by the International Network of
Food Data Systems (INFOODS) of the Food and
Agricultural Organization (FAO) of the United
Nations [5]. This work has been an invaluable contri-
bution in providing a reliable framework for local
FCDB development, particularly in regions of West/
Central Africa and the Asian sub-continent. Yet only
individual raw foods are typically included, adding to
the complexity of estimating the correct nutrient com-
position of commonly consumed cooked foods.

Thus, as part of the Women First Preconception
Nutrition Trial (WFPNT) [6], a large multi-site indivi-
dually randomized controlled trial (RCT), our aim was
to implement a robust dietary methodology in order to
estimate the dietary adequacy and prevalence of the
population ‘at risk’ of inadequate nutrient intakes in
first-trimester pregnant women living in four LMIC.
Furthermore, we plan to examine associations between
dietary intakes and nutritional outcomes in this long-
itudinal study. To this end, we incorporated the use of
repeat 24-hr recalls and the construction of a unique
local FCDB at each of the four sites. This paper
describes the dietary methods implemented here,
including the advantages and challenges faced during
the process.

Methods

Study design

Dietary assessment was planned for pregnant women
living in rural areas of Democratic Republic of the
Congo (DRC), Guatemala, India and Pakistan parti-
cipating in the WFPNT from 2012–2017, as described
earlier [6]. Briefly, the objective of this 3-armed RCT
is to determine the benefits to the offspring of
women in poor environments of commencing a
daily comprehensive maternal nutrition supplement
at least 3 months prior to pregnancy (Arm 1) versus
commencing the same supplement at 12–14 week
gestation (Arm 2) and to compare offspring out-
comes with those not receiving supplement (Arm
3). From each of the four sites, 240 women (total
960) were randomized from Arms 1 and 2 to receive

two 24-hr dietary recalls conducted 2–4 weeks apart
once pregnancy was confirmed and prior to 12 week
gestation. Of the ‘dietary’ women, half were rando-
mized from Arm 1 and half from Arm 2, the latter
group’s diet assessed prior to commencing the
supplement.

A five-day training was provided at the beginning of
the study by the lead study nutritionist (RL) for local
nutritionist(s) at each site, except Pakistan, for whom
the initial training was conducted in person in
Colorado, USA. Based on recommendations from sev-
eral key sources [7–10], training topics included: meth-
odology of the multiple-pass 24-hr recall (i.e. revisiting
and checking the dietary information during the inter-
view); appropriate interview techniques; estimation of
portion sizes; conversion of consumed amounts to
gram weight equivalents; development of generic
recipes for mixed dishes/beverages; and step-wise
instructions to compile a site-specific FCDB. Process
mentoring continued on a weekly basis by distance (via
Skype and email) throughout the study.

Assessment of food intakes

A food intake database was constructed based on two
24-hr recall interviews, standardized for all sites and
pretested at each location. The dietary recalls were
conducted by the site nutritionist on non-consecutive
days within two weeks of each other in the participant’s
home with the following information reported: partici-
pant ID; recall day; season; type of day (e.g. usual, feast,
market, fasting); previous day’s health; food consump-
tion time (e.g. breakfast, lunch, dinner or snack); loca-
tion of food consumed (e.g. in the home, outside);
food/dish name; food code; and amount consumed
(grams). Continuous monitoring by the lead study
nutritionist of all data entry provided checks to mini-
mize reporting errors.

Locally developed picture charts served as an aid
to prompt remembrance of foods consumed and
food probe questions encouraged detailed descrip-
tions of reported foods/beverages. For example, poul-
try probe questions included the kind of bird, exact
part or piece, meat plus skin or meat only, method
of cooking, bones (waste factor), etc. To estimate
portion size, the participant provided the same
amount of food or drink consumed the prior day
using local spoons/containers and then weighed in
grams. However, since left-over food was usually
unavailable in these poorly-resourced households,
photographs displaying a graduated range of portion
sizes were used frequently to obtain the best estima-
tion of portion amount, as well as reported number
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of spoon- or hand-fuls from the ‘family pot’. The site
nutritionists were also very familiar with the local
market value of commonly purchased items, e.g. 50
Congolese francs purchased approximately 30 grams
of roasted peanuts.

Mixed dishes and beverages containing more than
one ingredient were typically consumed by these
populations. Thus, the development of local ‘generic’
representative recipes were used to calculate their
nutrient content. For each mixed dish/beverage con-
sumed by the study population, 5–10 local recipes
were collected (amounts in grams) from several dif-
ferent women participants by the site nutritionist,
with particular care to ensure water and oil added
during cooking were also included in the recipe. In
some situations (e.g. Pakistan), the local nutritionist
watched the recipe preparations, measuring exact
quantities (grams) of ingredients used in the dish.
This process was followed by calculation of a median
recipe per 100g (see Figure 1). All recipes were

checked for feasibility and accuracy of calculations
by the lead study nutritionist.

Site-specific food composition database
compilation

A unique FCDB was constructed at each site based on
the food intake data collected from the dietary recalls.
Food names were included in both the local language
and in English, with careful description of the exact
food. Food components included moisture content,
energy, macronutrients (protein, total fat and fatty
acids [saturated, monounsaturated, polyunsaturated],
carbohydrate); dietary fiber; minerals (calcium, iron,
zinc); vitamins including thiamine (B1), riboflavin
(B2), pyridoxal phosphate (B6), folate (B9), cobalamin
(B12), choline, betaine, ascorbic acid (C), and vitamin
A (retinol activity equivalent, RAE); and an anti-nutri-
ent (phytate). Appropriate folate values (either food
folate or dietary folate equivalent, DFE) were chosen

STEP ONE
Ingredients 
(grams)

Recipe 
1

Recipe 
2

Recipe 
3

Recipe 
4

Recipe 
5

Recipe 
6

Recipe 
7

Beef, lean 450 210 700 300 326 504 400
Potatoes, white 510 457 250 280
Onion, yellow 100 26 110
Garlic, white 2 4
Salt, iodized 10 10 9 8 14
Water 522 777 100 507 500 816 912
Sunflower oil, 
unfortified

23 120 170 120 130 150 150

STEP TWO
Ingredients 
adjusted/100g

Recipe 
1

Recipe 
2

Recipe 
3

Recipe 
4

Recipe 
5

Recipe 
6

Recipe 
7

Beef, lean 45.23 12.90 64.81 31.91 22.53 29.07 21.60
Potatoes, white 0.00 31.32 0.00 0.00 31.58 14.42 15.12
Onion, yellow 0.00 0.00 9.26 0.00 1.80 0.00 5.94
Garlic, white 0.00 0.09 0.00 0.43 0.00 0.00 0.00
Salt, iodized 0.00 0.61 0.93 0.96 0.55 0.81 0.00
Water 52.46 47.71 9.26 53.94 34.55 47.06 49.24
Sunflower oil, 
unfortified

2.31 7.37 15.74 12.77 8.98 8.65 8.10

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00

STEP THREE
Median Recipe

STEP FOUR
Generic Recipe (Adjusted/100g)

Beef, lean                                29.07 Beef, lean                                   28.83
Potatoes, white                       14.42 Potatoes, white                           14.35
Onion, yellow                            0.00 Onion, yellow                                0.00
Garlic, white                              0.00 Garlic, white                                  0.00
Salt, iodized                              0.61 Salt, iodized                                  0.61
Water                                      47.71 Water                                          47.49
Sunflower oil, unfortified           8.65 Sunflower oil, unfortified                8.61
TOTAL 100.46 TOTAL 100.00

Figure 1. Construction of a generic recipe ‘beef stew with potatoes’.
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based on the country’s national fortification policies.
All choline and betaine values were sourced from the
current United States Department of Agriculture
(USDA) National Nutrient Database for Standard
Reference, Release 28 [11], or the latest USDA
Database for the Choline Content of Common
Foods [12].

The 13 designated food groups included: starchy
tubers and staples; legumes and nuts; milk and dairy;
organ meats; eggs; flesh foods (meat or poultry); fish
and miscellaneous small animal protein (e.g. insects);
vitamin A-rich vegetables and fruit (≥ 60 RAE/100g);
other vegetables and fruit; fats and oils; sweets and
sugars; beverages; and miscellaneous, e.g. fast foods.
Generic recipes were assigned to the appropriate food
group, depending on the primary ingredient or content
of foods significantly affecting the overall nutrient con-
tent of the recipe, e.g. presence of animal-source foods.

FCDB raw and cooked nutrient values for DRC,
India and Pakistan were primarily derived from
recently developed FAO-supported regional FCTs, i.e.
the West African FCT [13] was used for the DRC site
FCDB whereas the Indian and Pakistan sites utilized
the Bangladesh FCT [14]. For the Guatemala FCDB,
values were primarily taken from the USDA database
[11], as well as from the database compiled by the
Institute of Nutrition of Central America and Panama
(INCAP) [15], with care that food choices from the
USDA database were consistent with the Guatemalan
national food fortification policies. Finally, every effort
was made to ensure the imputed values reflected the
same analytical methodology across all databases.

Missing values from the West African or Bangladesh
FCTs were usually borrowed from the USDA database
with adjustments to account for differences in moisture
content, unless a more precise food match was found
in the World Food Dietary Assessment System
(WFDAS) [16]. The latter also provided all phytate
values; however, moisture adjustments using the
WFDAS were not possible. Additionally, a food
match code was provided for all FCDB values as
described by FAO/INFOODS [17], indicating whether
the imputed values were an exact or similar match to
the required food item.

For some foods, only raw values were available from
the reference databases. Thus, when cooked values
were required for individual foods and/or recipes, raw
to cooked adjustments for nutrient retention and yield
after cooking were made using appropriate retention
[18] and yield factors [19,20]. These factors were
applied at the ingredient level for the recipe nutrient
calculations [8,9] (see Figure 2). In this method, the
contribution of each ingredient to the overall recipe

was calculated by multiplying the energy or nutrient
value per 100g of each ingredient in its consumed form
(i.e. raw or cooked) by its percentage contribution to
the 100g generic recipe (i.e. ingredient contribution/
100g), with the contribution from all ingredients added
together. Then the ‘cumulative’ energy and nutrient
values for each recipe were added into the appropriate
database row.

Finally, a unique food code was assigned for every
individual item and generic recipe row in each site
FCDB. Upon completion, checks were planned accord-
ing to FAO/INFOODS guidelines [21], ensuring no
required foods or values were omitted.

Statistical analyses

At the end of the WFPNT, this dietary method of
conducting two 24-hr recalls in ≥100 women per arm
will allow for analyses by site (overall and by arm)
including: estimation of group usual energy and nutri-
ent intake distributions, and determination of the per-
centage of the population ‘at risk’ of inadequate
nutrient intakes [22] compared to international guide-
lines [23,24]. Within- and between-site comparisons
will be made using a Student’s t test and analysis of

Nutrient values (NV) of raw ingredients/100g

NV of cooked ingredients/100g require 
adjustment by applying the following:

Yield factor (YF): % losses/gains in food weight
as a result of cooking 

Nutrient retention factor (NRF): % retention of 
minerals and vitamins based on cooking method

Recipe calculation: Ingredient method

Ingredient 1: NV x NRF(%) / YF(%)

Ingredient 2: NV x NRF(%) / YF(%)

Ingredient 3: NV x NRF(%) / YF(%)

Recipe: Sum of above

Figure 2. Method for generic recipe calculation at the ingredi-
ent level. (Charrondiere et al. 2011 [8])
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variance (ANOVA), respectively, as well as multi-vari-
ate regression models examining associations between
nutrient intake and relevant factors, e.g. maternal edu-
cation, seasonal variation, etc. Analyses will utilize
STATA statistical software package 13 (Stata corpora-
tion, College Station, TX, USA) and Intake Monitoring,
Assessment and Planning Program (IMAPP) Version
1.0 (Iowa State University, 2010), with support from
RTI International.

Preliminary results

To date, two 24-hr recalls have been conducted in >200
women per site (~925 total), equally distributed
between Arms 1 and 2. Further, >100 local generic
recipes for mixed food/beverages have been developed
per site. All site FCDBs are currently still in progress
but thus far, each unique site FCDB contains between
260 to 350 foods, beverages, and recipes in total.

Discussion

Our study has demonstrated that with adequate initial
training and ongoing supervision, local nutritionists in
four LMIC were able to conduct two standardized 24-
hr recalls per dietary participant (>200 participants/
site), as well as properly develop a site-specific FCDB.
This method will allow for quantitative assessment of
the diet in first-trimester pregnant women in these
settings and their estimated risk of inadequate intakes.
Furthermore, each unique FCDB can be readily mod-
ified for other population groups, e.g. children, adoles-
cents, etc., in the future. Such a strategy is highly
advantageous for large international RCTs, particularly
in areas with ongoing research studies. This preconcep-
tion trial, for example, is part of the Global Network
(GN) for Women’s and Children’s Health Research,
which has supported research activities and capacity
building in these specific regions for more than a
decade [25] and thus, the site FCDBs are likely to be
useful for other studies in the future.

In recent years, the inclusion of dietary assessment
as part of large nutrition research trials has gained
greater priority, as demonstrated in the Etiology, Risk
Factors and Interactions of Enteric Infections and
Malnutrition and the Consequences for Child Health
and Development (MAL-ED) study [26]. Typically,
qualitative or semi-quantitative dietary methods (e.g.
dietary history, food frequency questionnaire) have
been used for the sake of cost and minimal participant
burden. Yet proper validation of these instruments can
prove challenging, especially in remote regions.
Moreover, both of these methods are limited by the

difficulty in estimating their inherent source of errors
[27], and the within- and between-subject variability
cannot be calculated [28]. In contrast, repeated
weighed food records are the most precise method for
estimating usual individual nutrient intakes, but it has
a high respondent burden and is usually too expensive
and cumbersome to be used in LMIC. However, the
multiple pass 24-hr recall method has been used exten-
sively in such settings with the advantage of relatively
low participant burden [7]. Importantly, it can provide
a reasonable reproducible estimate of the mean usual
intakes of a group when conducted as done in this
study (i.e. interviews on all days of the week with
non-consecutive participant interviews) [28].
Furthermore, the inclusion of a repeat 24-hr recall for
all participants allows the percentage of those ‘at risk’
of inadequate nutrient intakes to be calculated [22].

Such analyses are possible through the use of a
robust local FCDB containing nutrient values for com-
monly consumed cooked mixed dishes and beverages.
The inclusion of such complex foods, in addition to
individual ingredients, allows for a more accurate esti-
mate of nutrient intakes in these populations, especially
when FCDB nutrient values are sourced from a high
quality FCT with similar foods. Notably, the reference
regional FCTs used here have all been published within
the last five years, except for the INCAP and WFDAS
databases. While compilation of a site-specific FCDB is
typically considered beyond the scope of most research
studies, we have demonstrated that local nutritionists
can gain the necessary understanding and skills to
complete this detailed task with comprehensive train-
ing and mentoring. We acknowledge a distinct advan-
tage of this trial has been the continuous oversight
provided by a well-trained lead nutritionist (RL), with
ongoing coaching of local nutritionists and monitoring
of all databases throughout the study.

However, challenges and limitations exist, especially
in determining the correct nutrient values for local wild
and cultivated edible foods consumed in remote geo-
graphical areas. In some instances, different wild spe-
cies may have the same local name and thus some
ambiguity remains as to the appropriate nutrient con-
tent of these foods. Organizations such as FAO/
INFOODS and Bioversity International (www.bioversi
tyinternational.org) are committed to identifying and
publishing nutrient values for biodiverse foods [29].
Likewise, more high quality regional FCTs are urgently
required to ensure the nutrient values chosen for local
foods are accurate. Again, FAO/INFOODS and other
groups (e.g. International Dietary Data Expansion
Project, INDDEX) are making a concerted effort to
expand the work of developing regional FCTs of high
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standard. Lastly, accurate determination of portion size
was often very challenging in our study areas, particu-
larly with food consumed from the family pot. Yet
through the use of a variety of memory aids (e.g.
graduated portion size photographs) and excellent
familiarity with local household and market measures,
we strove to gain the most reliable information possible
on amounts consumed by participants.

Additionally, while every effort was made to ensure
the nutrient values sourced between the site FCDBs
reflected the same analytical methodology, a few dis-
crepancies exist between databases. For example, total
fat was determined by the mixed solvent extraction
method in the USDA database [11] and most foods
found in the West African FCT [13], whereas the
Soxhlet method was used for fat values in the
Bangladesh FCT [14] and for a few West African
FCT values [13]. Finally, more than two 24-hr recalls
might improve assessment of group intakes of certain
micronutrients, which may have greater variability in
the day-to-day diet. A recent Mexican study, with data
from 31 cities, reported three 24-hr recalls, rather than
one recall, improved the estimation of micronutrient
intakes in these urban populations [30]. No compar-
ison was made, however, between two versus three
dietary recalls and as our study was conducted in
poor rural communities, we anticipate the within-sub-
ject variation will be lower than the between-subject
variation due to the limited number of the foods con-
sumed in these very resource-poor environments [31].

In conclusion, we developed a feasible and practical
quantitative dietary assessment method that affords the
potential to gain much needed insight into the nutri-
tional dietary adequacy of first-trimester pregnant
women in these settings, allowing for within- and
between-site comparisons. Incorporation of such diet-
ary methodologies into large multi-site RCTs could be
highly useful, especially in areas with ongoing research,
as it provides an excellent opportunity for local capa-
city building, and the site FCDB can be easily modified
for the specific population group of interest. Moreover,
the application of this knowledge could help to refine
targeted interventions, as well as provide a strong
research base in order to more fully understand the
dietary contribution to risk for other health outcomes
and diseases in low-resource environments.
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Introduction

Nonketotic hyperglycinemia (NKH) is a disorder of glycine
metabolism caused by a defect in the glycine cleavage enzyme
system, resulting in high glycine concentrations in urine,
plasma, andespecially cerebrospinalfluid (CSF) and thebrain.1

The elevated levels of glycine in the brain and CSF cause
neurologic impairment, which in most patients present early
in neonatal life with encephalopathy. The prognosis is uni-
formly poor as most patients die within the first fewweeks of
life highlighting the importance of early diagnosis. Thosewho
survive have intractable epilepsy and poor neurodevelopmen-
tal outcomes. Hence, an early and correct diagnosis helps in
counseling the parents regarding the outcome, avoidance of
costly investigations and futile therapeutic trials, and most
importantly prenatal diagnosis. The facilities for CSF glycine
estimation, enzyme assay in liver tissue, and genetic studies
are not widely available in developing countries and are also
expensive thereby delaying the diagnosis. The magnetic re-
sonance imaging (MRI) andmagnetic resonance spectroscopy
are increasingly available in many places. In appropriate
clinical setting, conjunction of clinical features and MRI find-
ings can suggest a possibility of NKH in a patient so that
appropriate tests can be ordered. Due to the rarity of NKH and

poor prognosis, reports on the neuroimaging findings are
scarce, andhencemanyneonatologists/pediatricians and radi-
ologists are not aware of the specific neuroimaging findings of
NKH. Here, we report specific MRI findings in a boy with
neonatal NKH that was confirmed by elevated CSF glycine and
review the literature pertinent to neuroimaging findings in
NKH and the differential diagnosis.

Case Report

A baby boy, of nonconsanguineous parents, was born at term
after an uncomplicated pregnancy and delivery. Apgar scores
were 9 and 10, with average birth weight (2.9 kg), and head
circumference (35 cm). On day 2 of life, he was found to have
recurrent apnea, shallow breathing, depressed conscious-
ness, and generalized hypotonia. His neurological status
deteriorated, requiring mechanical ventilation on day 4 of
life, and he developed hiccups and twitching movements
involving all four limbs. Electroencephalography showed a
burst-suppression pattern, later evolving to an abnormally
high voltage background pattern with frequent multifocal
epileptic bursts. The diagnosis of NKH was made by elevated
CSF glycine (434 μmol/L [normal range: 2–20]) and plasma
glycine levels (1,450 μmol/L [normal range: 154–338]). The
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Abstract Nonketotic hyperglycinemia is a fatal disorder of glycine metabolism presenting with
intractable epilepsy, hypotonia, and developmental delay in infancy. Diagnostic tests,
such as cerebrospinal fluid glycine estimation and genetic diagnostic methods, are not
widely available in developing countries and hence many cases are missed or wrongly
diagnosed. The magnetic resonance imaging features, such as abnormal signal
intensity in the dorsal pons, midbrain, central tegmental tract, cerebral peduncle,
and posterior limb of the internal capsule indicate an important clue to the possibility
of the disease and help in guiding the treating neonatologist.
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CSF-to-plasma glycine ratio was also elevated to 0.30
(normal range, 0.02–0.08). Ketoacidosis and organic acide-
mia were excluded. MRI and diffusion-weighted MRI were
performed on day 2 of life. On T2-weighted imaging, there
were bilaterally symmetrical hyperintense foci in the dorsal
brainstem in the central tegmental tract (►Fig. 1A). On
diffusion-weighted MRI, these lesions were hyperintense
in keeping with restricted diffusion (►Fig. 1C, D) and, also,
bilaterally symmetrical hyperintense lesions were noted in
the cerebral peduncles (►Fig. 1C) and along the posterior
limbs of the internal capsule (►Fig. 1D). The sites of re-
stricted diffusion demonstrated the corresponding reduc-
tion in apparent diffusion coefficient (ADC). The lesions were
more conspicuous and extensive with diffusion-weighted
MRI than T2-weighted imaging. The ventricles, periventri-
cular white matter, cerebellum, and posterior fossa were
normal.MR spectroscopyat long and short echo time showed
glycine peak. Symptomatic treatment was begun, and
although treatment with dextromethorphan was started,
there was no improvement. After the prognosis was ex-
plained to parents, they decided to withdraw support, and
the baby died on day 9 of life.

Discussion

NKH diagnosis is based on elevated levels of glycine in
plasma and urine in the absence of ketoacidosis. The CSF
level of glycine is elevated, as is the ratio of CSF-to-plasma
glycine (> 0.16). Elevation of CSF glycine is essential for the
diagnosis. The diagnosis can be confirmed by enzyme assay
in liver tissue or by mutational analysis.2

MRI may show abnormalities in the signal intensity in the
dorsal pons andmidbrain affecting the central tegmental tract
(CTT), cerebral peduncle, and posterior limb of the internal
capsule. Diffusion-weighted MRI shows a high signal in these
areas and the cerebral peduncles,whereas ADC values in these
areas are low, indicative of restricted diffusion.3–5

Neuroimaging abnormalities in NKH during the neonatal
period are nonspecific, such as ventriculomegaly, absent/
thin corpus callosum, and posterior fossa cysts.6 In our
patient, the sites of abnormal signal intensity are confined
to the white matter tracts that are myelinated at birth. These
are in the dorsal pons, midbrain, cerebellar white matter,
posterior limb of the internal capsule, lateral thalamus, and
globus pallidus. The pathology of NKH is that of vacuolating
myelinopathy whereby myelinated areas undergo vacuola-
tion, demyelination, and astrocytosis.7

The involvement of CTT is one of the important neuroi-
maging findings in the neonatal presentation of NKH. The
CTT is one of the earliest regions of myelination; its myelina-
tion begins at nine postconceptional months. Besides NKH,
CTT lesions have also been described in severely asphyxiated
infants, in patients with leukoencephalopathy with vanish-
ing white matter, 6-pyruvoyltetrahydrobiopterin synthetase
deficiency, methionine adenosyltransferase I/III deficiency,
and Leigh syndrome. The clinical presentation and involve-
ment of other structures on MRI, such as white matter, basal
ganglia, or cerebral cortex in NKH, help in the differentiation
of other conditions from NKH.8

In neonates with NKH, the distribution of the lesions is
very typical due to the presence of formedmyelin sheaths is a
prerequisite for the development of vacuolating myelinopa-
thy.7 This gives a neuroimaging clue to the diagnosis of NKH.
It has been proposed that restricted diffusion can be attrib-
uted to the accumulation of fluid between the layers of
myelin lamellae.

In our view, neuroimagingfindings, such as signal changes
in the CTT, cerebral peduncle, and posterior limb of internal
capsule with restricted diffusion will provide a valuable clue
to the diagnosis of NKH in a given clinical scenario. This will
further help in ordering the specific diagnostic tests to
confirm the disease as well as prognosticate the outcome
to parents.

Author Contributions
M.K. conceived and designed the study and was involved
in the management of patients. He collected the data and
drafted the article. He is the guarantor of this study. V.H.
did the neuroimaging and interpreted them. All the
authors approved the final article.

Fig. 1 MR imaging of the brain of a 5-day-old neonatewho presentedwith
encephalopathy. (A) Axial fast spin-echo T2-weighted axial images
(126/3,030/[TE/TR]) of the pons show hyperintense lesions in the dorsal
pons in the central tegmental tract (black arrowhead). (B) Axial fast spin-
echoT2-weightedaxial images (126/3,030/[TE/TR]) of cerebrumat the level
of basal ganglia showinghyperintense signal in theposterior limbof internal
capsule suggesting a lack of myelination (black arrowhead). (C) Axial
diffusion-weighted MR images (98/3,800/1,000 [TE/TR/b-value]) of the
midbrain show hyperintense lesions of restricted diffusion. The lesions are
more conspicuous than on T2-weighted images, and additional lesions of
restricted diffusion are seen in the bilateral cerebral peduncles (white
arrow). (D) Axial diffusion-weighted MR image (98/3,800/1,000
[TE/TR/b-factor]) of cerebrum at the level of basal ganglia show restricted
diffusion in the posterior limbs of the internal capsules (black arrow). MR,
magnetic resonance; TE, echo time; TR, repetition time.
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Anaesthetic management of Ludwig’s angina in a full term pregnant patient 

 
SM Bandishte1*, MC Patil2 

Assistant Professor1, Professor2, Department of Anaesthesiology, JN Medical College, Belagavi, 

Karnataka, India. 

 
We report a case of drainage of Ludwig’s angina in a pregnant patient conducted under general 

anaesthesia using awake fibreoptic intubation with least possible anaesthetic drugs. 

 

Keywords: Ludwig’s angina; pregnant patient; difficult airway; awake fibreoptic 

intubation; minimum anaesthetic drugs 

 

Introduction 
Ludwig’s angina is a rapidly progressing cellulitis 

of the submandibular space causing trismus along 

with oedema and induration of the sublingual and 

submandibular spaces leading to difficult airway.1 

In adults, the common presenting complaints in 

Ludwig’s angina are odynophagia, dysphagia, 

fever, neck pain, swelling, trismus, and respiratory 

distress.2 Ludwig’s angina in pregnant patients is a 

rare case. Anaesthetic management can be regional 

or general anaesthesia or elective tracheostomy.3-6 

Awake fibreoptic intubation in skilled hands is 

considered the gold standard.  
 

Case report 
A 20-year-old female presented to the emergency 

department with rapidly increasing swelling over 

right cheek since four days. Patient was 36 weeks 

pregnant. A diagnosis of Ludwig’s angina was 

made. 

Local examination showed that the swelling 

extended from right infraorbital margin to right 

inferior border of mandible, right angle of mouth to 

right angle of mandible. Swelling was soft and 

tender on palpation. Airway assessment revealed 

mouth opening of 1 finger.  

Mallampati grading was not possible (Figure 1). 

Dental caries was noted however no loose or 

missing teeth were present. Systemic examination  

 

 

 

 

 

 

 

 

 

 

was normal. Obstetric examination revealed a 

single live intra uterine pregnancy with 

approximately 36 weeks gestational age. 

 

 
Figure 1 

 

Patient had a haemoglobin of 8.4 g% and total 

leucocyte count 18,700/cm3. Other routine 

laboratory tests were normal. Ultrasound of neck 

showed ill-defined hypoechoic collection deep to 

the submandibular gland measuring 27	�12	mm 

approximately. Indirect laryngoscopy showed 

normal movement of vocal cords with phonation. 

Patient was scheduled for drainage of the abscess.  

Plan of anaesthesia was to give general anaesthesia 

using awake fibreoptic intubation with a cuffed red 

rubber tube using least possible number of 

anaesthetic drugs. Procedure was explained to the 

patient along with all the risks involved including 

need for an emergency tracheostomy. Appropriate 

consent was taken. Patient was kept fasting for six 

hours prior to surgery. 18G intravenous (IV) 

cannula was secured. Intramuscular (IM) 

glycopyrrolate 5µg/kg was given. Ranitidine 1 

mg/kg and ondansetron 0.08 mg/kg i.v. was given. 

Topical 4% lignocaine in saline was nebulized. 
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In the operating room, crash cart and suction were 

kept ready. Flexible fibreoptic laryngoscope (FFL) 

was assembled and a cuffed red rubber 

endotracheal tube (ETT) size 6 was mounted on the 

FFL. Standard monitors pulse-oximeter (SpO2), 

ECG, non-invasive blood pressure (NIBP) and 

temperature were attached. An obstetrician was 

monitoring fetal heart sounds (FHS) by 

cardiotocogram. 10% topical lignocaine was 

sprayed on the oropharynx. Transtracheal block 

was given using 3 ml of 2% lignocaine. FFL was 

advanced through the right nostril till carina was 

visualized. The ETT was railroaded over the FFL. 

Bain’s circuit was connected and 100% oxygen was 

delivered at 8 litres/min. ETT position was 

confirmed by ensuring bilateral equal air entry and 

capnography and fixed in position. Anaesthesia was 

induced with propofol 2 mg/kg and atracurium 0.5 

mg/kg i.v. After induction, HR was 82/ min, NIBP 

130/84 mmHg, SpO2 100%, EtCO2 32mmHg and 

FHS 132 beats/min.  

 

Anaesthesia was maintained using a mixture of 

O2:N2O (50:50) with intermittent intravenous 

boluses of propofol and atracurium as needed. 

500mg paracetamol i.v.was given. Dexamethasone 

0.2 mg/kg was given i.v. to prevent airway oedema. 

Surgical procedure lasted for 45 min. Vital 

parameters remained stable throughout the 

procedure.  

 

On completion of the procedure glycopyrrolate 10 

µg/kg and neostigmine 0.05mg/kg were given i.v.to 

reverse the anaesthesia. After extubation HR was 

92/min, NIBP 130/90mmHg, SpO2 99% on room 

air and FHS 134 beats/min. 

 

Discussion 
We present a case of Ludwig’s angina in a patient 

who was 36 weeks pregnant for abscess drainage 

under general anaesthesia. Such cases have a high 

mortality ranging from 8-25%.7,8  Pregnancy with 

its anatomical and physiological changes makes the 

airway management further difficult. Also, CT scan 

is contraindicated in pregnancy due to which, extent 

of the infection cannot be assessed with certainty 

adding to the difficulty in airway management. 

Direct laryngoscopy and endotracheal intubation is 

difficult due to altered airway anatomy. Because of 

these difficulties, previously similar cases in 

pregnant women have been operated under local 

anaesthesia.3,4,9 However, it has been reported that 

regional anaesthesia was inadequate, leading to 

significant pain, hence conversion to general 

anaesthesia.4 Therefore in such cases, the safest 

option is to secure the airway while the patient 

remains awake. Furthermore laryngospasm leading 

to asphyxia and death have been reported following 

incision and drainage of Ludwig’s angina under 

local anaesthesia.8 

 

Conclusion 
We managed drainage of Ludwig’s angina in a full 

term pregnant patient under general anaesthesia 

using awake fibreoptic nasal intubation. 
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Comparison of onset and duration of sensory and motor blockade between 
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Epidural blockade unlike spinal anaesthesia, gives the clinician an opportunity to provide 

adequate anaesthesia for extended duration of surgical needs and enable excellent pain 

management well into the postoperative period. It provides better haemodynamic stability 

due to minimal sympathetic blockade. The present study used ropivacaine and 

levobupivacaine, which have recently been introduced for clinical use to compare the onset 

and duration of motor and sensory blockade in patients undergoing lower abdominal 

surgeries under epidural anaesthesia. The mean onset of sensory block in group R and 

group L were 17.93 ± 2.98 and 18.62 ± 3.09 minutes respectively; p= 0.285. The mean 

onset time of motor block was slightly longer in group L compared to group R (24.09 ± 

3.07 vs 25.47 ± 4.13 minutes; p = 0.076). Mean duration of sensory block was slightly 

longer in group R compared to group L (196.78 ± 20.31 vs 189.0 ± 19.53 minutes; p = 

0.067).The duration of post op analgesia was observed to be longer in group R (263.0 ± 

22.77) in comparison to group L (253.78 ± 24.43). The duration of motor block was found 

to be lesser in group R(111.42 ± 16.70 min) compared to that in group L(118.53 ± 18.14 

min), the difference being statistically insignificant (p=0.05). It can thus be concluded that 

both 0.75% ropivacaine and 0.5% levobupivacaine when administered epidurally for 

elective lower abdominal surgeries, provide adequate and comparable sensory and motor 

blockade. 

 

Keywords: Epidural; levobupivacaine; ropivacaine; analgesia; abdominal surgery 

 

Introduction 
The history of neuraxial anaesthesia goes back as 

far as the 19th century.  Experiments by scientists 

like Corning, Bier, Pages and progressive 

research has led to its application in a variety of 

clinical situations.1,2 Epidural anaesthesia is more 

versatile than spinal anaesthesia, and has recently 

developed into the anaesthetic technique of 

choice for most of the abdominal and lower limb 

surgeries owing to its advantage of outstanding 

pain relief in the postoperative period.1 It 

produces segmental blockade unlike spinal 

anaesthesia, thus providing better haemodynamic 

stability due to minimal sympathetic blockade.3 

 

Bupivacaine, a racemic mixture of 

dextrobupivacaine and levobupivacaine, 

provides a long duration of action and a 

favourable ratio of sensory to motor neural 

block.4 But its use is limited by its cardiac and 

central nervous system toxicity5,6,7,8 prompting 

research for newer drugs devoid of such side 

effects. Ropivacaine and levobupivacaine, claim  

benefits of more selective action on sensory 

fibres and reduced cardiac adverse effects.9 

 

Ropivacaine, being less lipophilic than 

bupivacaine acts selectively on the pain-

transmitting Aδ and C nerves.10,11 

Levobupivacaine too, due to less depressant 

effects on the myocardium, has emerged as a 

safer alternative with a superior pharmacokinetic 

profile.12, 13,14 

 

Considering that very few studies have compared 

levobupivacaine and ropivacaine for epidural 

anaesthesia, the present study was planned to 

compare the onset and duration of motor and 

sensory blockade in patients undergoing lower 

abdominal surgeries under epidural anaesthesia. 
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Materials and Methods 
Patients aged between 20 to 60 years of either 

gender, belonging to ASA Grade I and II 

scheduled for elective lower abdominal surgeries 

under epidural anaesthesia were studied. Patients 

who denied consent, had contraindications to 

epidural, had pre-existing neurological deficits in 

the lower extremities, and cardio respiratory 

diseases, neurological or psychological disease, 

hepatic, or renal disease, bleeding diathesis were 

excluded from the study. 

 

Sample size calculation 
Using the results of previously conducted studies 

and standard statistical formula, time for duration 

of motor block is taken to determine the sample 

size. The formula used is;  

 

                              

                                      2 X (Zα + Zβ)2 (�
2)  

Sample size (n) = 

                                            (X1 – X2)
2 

 

Level of significance is taken as 5% 

Power of the test used is taken as 80% 

Hence,       Zα = 1.66  

                  Zβ = 0.84 

X1= 185 

                  X2= 225 

� = 75 

Thus,    n =     2[1.65 + 0.84]
2

x 752 

    

                         (185-225)2 

n =  44 

 

Where:   

� X1 is  duration of sensory block in  

levobupivacaine group 

� X2  is duration  of sensory block in  ropivacaine 

group                         

 The minimum sample size obtained is 44. For the 

sake of consistent result n is taken as 45. There 

are two groups with 45 cases each. 

After approval of Institutional ethical committee 

and informed consent, patients were randomized 

based on computer generated randomization table 

into one of the two groups. 

• Group L –  15ml of 0.5% levobupivacaine  

• Group R – 15ml of 0.75% ropivacaine  

Study drugs were prepared in identical syringes 

with 15ml of 0.75% plain ropivacaine and 15ml 

of 0.5% levobupivacaine by an anaesthesiologist 

not involved with subsequent administration and 

patient assessment. On confirming the patient‘s 

nil oral status, an intravenous access with 18 

gauge cannula was secured and the patient was 

preloaded with Ringer‘s Lactate fluid at 10 ml/kg 

over 30 minutes. The patient was then shifted to 

operation theatre where monitors were attached 

and base line heart rate, blood pressure (systolic, 

diastolic, mean arterial blood pressure), 

respiratory rate and SpO2 were recorded. 

 

Under strict aseptic precautions, the skin and 

subcutaneous tissues at the L2-3 or L3-4 

interspace were infiltrated with 2ml of 2% 

lignocaine. The epidural space was identified 

with patients in the lateral decubitus position by 

using an 18g Tuohy needle and a loss of 

resistance to air technique. Initial test dose of 3ml 

of 2% lignocaine with adrenaline was given after 

negative aspiration of blood or CSF, followed by 

injection of 15ml of either 0.5% levobupivacaine 

or 0.75% ropivacaine. Sensory blockade was 

assessed by using blunt end of a 27g needle. 

Adequate block to initiate surgery was a sensory 

block bilaterally to dermatome T10. The onset of 

sensory blockade was the time (in mins) at which 

there is loss of pain to pinprick at T10 level after 

complete injection of the study drug. Highest 

cephalad dermatomal sensory blockade achieved 

was noted. Duration of sensory blockade that is 

time from onset of sensory block till two segment 

regression from highest level of blockade and the 

duration of post-operative analgesia, that is the 

time from injection of study drug to the first 

supplemental analgesic administered were 

documented. 

 

Onset, intensity of motor blockade and duration 

of motor blockade was tested bilaterally using 

Modified Bromage scale. Hypotension was 

defined as decrease in systolic BP by 30% from 

baseline values or a systolic BP less than 

90mmHg and was treated with incremental 

intravenous boluses of mephentermine 5 to 10mg 

and a bolus administration of 250ml of ringer 

lactate solution over 10mins.  Bradycardia was 

defined as decrease in heart rate less than 60 

beats/min and was treated with intravenous 

atropine 0.6mg. Supplementary oxygen was 

given through face mask. All patients were 

observed and monitored for vital signs in the post 
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anaesthesia recovery room and in the ward until 

complete recovery from sensory and motor 

blockade and duration of post-operative analgesia 

and any side effects if present were recorded. 

Tramadol 100mg i.v. was given when patient 

complained of mild pain (VAS score > 3) and the 

time noted. 

Statistical testing was conducted with SPSS 

version 17.0. Continuous variables are presented 

as mean ± SD, and categorical variables are 

presented as absolute numbers and percentages. 

The comparison of normally distributed 

continuous variables between the groups was 

performed using Student’s t test. Nominal 

categorical data between the groups were 

compared using Fisher’s exact test. P<0.05 was 

considered statistically significant. 

 
Figure 1: Modified Bromage Scale 

Scale 
 
 

Criteria 
 

Degree/Grade of 
block 

0 Free movement of legs, feet 
with ability to raise extended 
leg 

None 

1 Inability to raise extended led 
and knee flexion is 
decreased but full extension 
of feet and ankles are 
present 

Partial 33% 

2 Inability to raise leg or flex 
knees, but flexion of ankle 
and  
feet present 

Partial 66% 

3 Inability to raise leg, flex 
knee or ankle or move toes 

Complete 
paralysis 

 

Results 

Both groups were comparable as regards the age, 

sex, anthropometric data. (p > 0.05).The mean 

onset of sensory block in group R and group L 

were 17.93 ± 2.98 and 18.62 ± 3.09 minutes 

respectively; p= 0.285. (Figure 2) The mean onset 

time of motor block was slightly longer in group 

L compared to group R (24.09 ± 3.07 vs 25.47 ± 

4.13 minutes; p = 0.076). (Figure 3) Mean 

duration of sensory block was slightly longer in 

group R compared to group L (196.78 ± 20.31 vs 

189.0 ± 19.53 minutes; p = 0.067). (Figure 4) The 

duration of motor block was found to be lesser in 

group R (111.42 ± 16.70 min) compared to that 

in group L (118.53 ± 18.14 min), the difference 

being statistically insignificant (p=0.05). (Figure 

5) The duration of post op analgesia was observed 

to be longer in ropivacaine group (263.0 ± 22.77) 

in comparison to levobupivacaine group (253.78 

± 24.43). (Figure 6) The number of patients that 

had a block level of  T7 and T8 was 29% and 62% 

patients in group R compared to 24% and 67% in 

group L respectively (p = 0.857). (Figure 7) Only 

4% patients in group R and 7% in group L 

attained a sensory block up to T6, and 4% in 

group R. Thus the highest level of block achieved 

was similar in both groups. 
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Figure 2: Comparison of mean onset of 
sensory block (min) between Group R 

and Group L
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Discussion 
Neuraxial anaesthesia especially epidural 

anaesthesia greatly expands the anaesthetic 

armamentarium and provides better alternative to 

general anaesthesia when appropriate. It holds the 

added advantage of attenuating the stress of 

surgery by inhibition of sympathetic system 

activation. Local anaesthetics interact with the 

voltage-gated sodium-ion channels and reduce 

the peak permeability for sodium-ions of the 

axonal membrane, impeding the generation and 

propagation of action potentials in nerve fibres.4 

Following an epidural injection, local 

anaesthetics may diffuse into the paravertebral 

area through the inter vertebral foramina and 

block nerves distal to their dural sheaths, 

resulting in multiple para vertebral blocks. They 

may also diffuse across the dura into the 

subarachnoid space, where they act on nerve 

roots.3,14 Lastly, after diffusion through the dura, 

they act directly on the spinal cord.  

The aim of our present study was to compare the 

effect of epidural 0.75% ropivacaine and 0.5% 

levobupivacaine for time of onset, highest level, 

duration of sensory block and onset and duration 

of motor block in patients posted for lower 

abdominal surgeries 

 

In our study it was observed that the mean times 

for onset of sensory block in group R and in group 

L were similar to the results noted in a study 

conducted by Chun woo yang et al, which 

compared 20 ml of 0.5% ropivacaine (11.8 ± 8.6 

min) and 20 ml of 0.5% levobupivacaine (15.5 

±9.7 min) for caesarean sections.15 

 

The R- and S- enantiomers of racemic 

bupivacaine have a different affinity for sodium, 

potassium, and calcium ion channels.7 

Levobupivacaine which is the s- enantiomer, 

blocks the voltage sensitive sodium ion channels 

reversibly and exhibits increased cardiovascular 

and central nervous system safety and is 

considered a better alternative to bupivacaine. 

 

Ropivacaine acts by reversible inhibition of 

sodium ion influx, and thereby blocks impulse 

conduction in nerve fibres. This action is 

potentiated by dose-dependent inhibition of 

potassium channels. 

 

In our study, the mean time for onset of motor 

blockade for group R and group L was similar to 

the results noted in a study conducted by Chun 

woo yang et al where mean times for onset of 

motor blockade were(24.9 ± 13.3 min vs 31.0 ± 

14.4 min) in Group R and Group L respectively.15 

 

The mean duration of motor blockade in our 

study, was observed to be shorter in group R as 

compared to group L though it was statistically 

insignificant (p=0.056). The results of a similar 

study by Peduto et al, comparing epidural 0.5% 

levobupivacaine and 0.75% ropivacaine for lower 

limb surgery, found a duration of motor block 
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similar to results of our study which was much 

shorter with ropivacaine than with 

levobupivacaine (95 ± 48 min v/s 105 ± 63 min; 

P = 0.86).16 Casati A et al, in their comparison of 

0.5%ropivacaine and 0.5% bupivacaine for 

interscalene brachial plexus block too observed 

similar time of onset and duration of pain relief in 

both groups.17 

 

Another study conducted by Cacciapuoti A et al 

comparing 0.5% levobupivacaine, 0.75% 

ropivacaine and 0.5% racemic bupivacaine in 

brachial plexus block, found the onset of block to 

be similar for levobupivacaine and ropivacaine 

but delayed for bupivacaine.18 

Another study conducted by Casati A et al for 

comparison of levobupivacaine, ropivacaine, and 

bupivacaine for epidural anaesthesia in 

orthopaedic surgeries revealed similar onset time 

of sensory block of 31±16 minutes with 

levobupivacaine, 25±19 minutes with 

bupivacaine, and 30±24 minutes with ropivacaine 

(p = 0.98). Duration of post op analgesia was 

214±61 minutes with levobupivacaine, 213±53 

minutes with bupivacaine, and 233±34 minutes 

with ropivacaine (p = 0.26)19 

 

Conclusion 
It can thus be concluded, that both 0.75% 

ropivacaine and 0.5% levobupivacaine when 

administered epidurally for elective lower 

abdominal surgeries, provide adequate and 

comparable sensory and motor blockade. 
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ABSTRACT
Background: Bipolar disorder is a chronic mental illness, characterized by the presence 
of manic, depressive and cyclic episodes, usually separated by asymptomatic intervals. 
Illness significantly affects the patients’ quality of life. Hence, clinical pharmacists can 
contribute to managing the disease condition of the patients, mainly with the use of 
effective and safe drugs, and improve the patient’s quality of life through pharmaceutical 
care. Methods/design: A Randomized, interventional, prospective study was performed 
on 304 patients, to compare and assess the impact of pharmaceutical care with the usual 
care. Patients with bipolar disorder, aged 18 to 65 years, who have been discharged from 
the outpatient department were randomized and enrolled in the study. The intervention 
group patients’ were served with pharmaceutical care, which was provided by clinical 
pharmacists, Psychiatrists and Nurses, on other hand control group patients were treated 
with the usual care. Quality of life of the patients was assessed at the baseline level 
to 3rd, 6th and 9th months of the follow-up. Result: Total 266 patients were completed 
the study. No statistically significant difference was observed at the demographic level 
and baseline level quality of life (p=0.547) in both the group. After the intervention 
in the interventional group, significant (p<0.001) improvement in the quality of life 
were observed during the study period. Conclusion: conducted study shows that, clinical 
pharmacist lead collaborative care can enhance the patients’ quality of life in compared 
to usual care,  which is showing that, the participation of clinical pharmacist in psychiatry 
settings may lead to integration in health care delivery systems.
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INTRODUCTION
A good quality of  life (QOL) is not just only 
better health status even though it is a sum 
of  good physical health; psychological health;  
environmental health; socio-economic and 
spiritual well-being.1,2 Globally, a good quality  
of  life is an important and broad measure 
in compared to the health status of  the 
persons’ life aspect.3 As per World Health 
Organization (WHO) quality of  life is an 
individual perception of  their position in life  
in the context of  the culture and value sys-
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tem in which they live and relation to their 
goal, expectation, standards and concerns,4 
Bipolar disorder impairs quality of  life of  the 
patients through mood swings; personal suf-
fering; disturbed familial support and uneven 
socio-economic functioning.5 in India, out 
of  100,000 lack population 200 people are 
suffering from bipolar disorder in India.6 

Indeed, bipolar disorder is a severe, recur-
rent and chronic mental suffering, which 
may represent by the mood swing like dys-
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thymia, depression, euphoria, cyclothymia and mania 
at different time of  interval in the same patient with 
significant functional and cognitive impairment.7 Due 
to cyclic nature of  bipolar disorder symptom remission 
and symptomatic exacerbation can affect the patients’ 
physical; psychological, emotional, economic and social 
well-being which is directly impaired their overall quality 
of  life.8

The usual treatment of  bipolar disorder in here phar-
macotherapy and psycho-education, many patient 
responses adequately for such kind of  approach but 
some of  do not. They may frequently suffer from the 
cyclic episode, cognitive impairment, and poor social 
well-being.9 Hence multidisciplinary collaboration of   
health care professionals like a clinical pharmacist,  
psychiatrist and nurse are needed to optimize the 
patients’ health and good quality of  life.10,11,12

By the help of  this type of  study, we planned to assess 
the impact of  clinical pharmacist lead collaborative 
approach. Our study aim was to measure the effect of  
pharmaceutical care on various domain of  the quality 
of  life of  the patients with Bipolar disorder through 
WHO-BREF QOL. Pharmaceutical care is the care 
provided by the pharmacist which aim towards patient-
centered health and to achieve the desired therapeutic 
outcome, though patient counseling; interdisciplinary 
cooperation; improve the medication adherence and 
ultimately improve the patients’ quality of  life.13,14

METHOD
Ethical Issue: Approval of  the study was obtained 
by the Institutional ethics committee (IEC: KLEU/
Ethic/2015-16/D-93). The study protocol was 
explained to the patients by the investigator orally and 
the patient information sheet, Informed consent form, 
patient information leaflets and booklet were issued to  
the patient. Written consent was obtained from the  
participants prior to the initiation of  the study. 
Study Design and Patient Recruitment: Study was  
initiated at tertiary care hospital. The study was a  
Prospective, Randomized, open level, comparative 
study. Total 266 patients completed their follow-up. 
Patient age between 18 to 65 years of  either gender and 
diagnosed with the bipolar disorder were enrolled in the  
study. Patients with the history of  epilepsy, schizophrenia,  
obsessive-compulsive disorder, Alcohol-induced psychosis,  
mental retardation, pregnant and lactating women were 
excluded from the study. 
Study Protocol: Patients, who satisfied the above-cited 
study criteria were enrolled in the study and randomized  
through computer-assisted randomization list. The  

randomization list was prepared by the biostatistician, 
who was not involved in the study. The allocation was 
concealed using serial Number. 
Selected patients were divided into two groups; control  
group (n=143) and Interventional group (n=143). Clinical  
information relevant to the study were collected from 
the patient and their relatives. Control group patients 
were on care as usual; whereas, Interventional group 
patients on pharmaceutical care as well as usual care. 
Interventional group patient population served with  
medication-related education, psycho-education, lifestyle  
modification education along with patient information  
leaflets and booklets. At each visit patient and their  
family members knowledge about medicine and disease 
condition was reinforced and study related data were 
collected.
Patients’ Quality of  life (QOL) was measured at the 
baseline level and at the each visit of  follow-up (i.e.3rd, 
6th and 9th month).  At each visit patients interview were 
taken place, in which we discuss their medication-related 
problem and quarries related to the disease condition 
and medications. After the counseling and interview 
session, self-reported WHO-BREF QOL questionnaire 
in Kannada and Marathi was provided to them to mark  
the option of  the question, for same 10 min. time  
provided to the each patient.      
The quality of  Life (QOL) Assessment: patients’ 
quality of  life was assessed by WHOQOL-BREF; which 
is a self-reported questionnaire, filled by the patients  
with bipolar disorder.15,16 WHOQOL-BREF contain  
26 item from which, 2 item represent overall quality of  
life and health status of  the patients and rest of  24 item 
contain four domain, including physical health domain 
with 7 item (Domain 1), Psychological health domain 
with 6 item (Domain 2), Social relationship with 3 item  
(Domain 3) and Environmental health domain with  
8 item (Domain 4).17 Each of  the domain is being 
rated by 5 points Likert scale and scored from 1 to 5 
in response scale. According to WHOQOL guideline,  
a raw score of  each domain was transformed 4 to 20 
score. All Domains’ score were scaled in ascending 
direction. The mean score in each domain was obtained  
by computing the mean of  transformed scores con-
verted to a 0–100 scale for each domain. A mean score 
of  <40 in each domain denotes poor, 41–60 indicates 
moderate and >60 indicates good quality of  life.4,18,19

Statistical Analysis:  The sample size of  the study was 
calculated by the inverse random sampling formula in 
the order to reject the null hypothesis. An attrition rate 
of  15% was considered. Probability values of  less than 
0.05 were considered for statistical significance. Study 
data were entered and analysed on IBM SPSS, Version 
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20. Socio-demographic data and clinical characteristic of  
the groups compared with the chi-square test with the 
frequency, mean, percentage, and degree of  freedom. 
The quality of  life both the group was compared and 
assessed through unpaired student ‘t’ test with mean, 
standard deviation, ‘t’ value and degree of  freedom at 
95% confidence interval.

RESULT
Total 304 bipolar disorder patients were screened for the 
study. Patients who got enrolled after their willingness to 
informed consent were likewise randomized into two 
groups, to know the effect of  pharmaceutical care in the  
quality of  life (QOL) of  the patients. A flowchart repre-
senting the patients’ distribution, which cited in figure 1.   
In the control group out of  143 patients, 134 were 
completed, their follow-up, of  which 81 were male and  
51 were female; their mean age was 36.6 ± 11.36 years;  

mean age of  onset of  the first episode of  Bipolar disorder  
was 26.84 ± 8.47 and mean Body Mass Index (BMI) 
was 24.11 ± 4.07. Whereas in Interventional group, 84 
patients were male and 50 were females; having a mean 
age of  38.34 ± 12.91 years; mean age of  onset of  the  
first BPAD of  27.46 ± 10.09 and mean BMI of  24.36 ±  
3.94. No statistically significant differences were 
observed in mean age, the age of  onset of  first BPAD 
and BMI. (Table 1)
In both groups, the majority of  the patient population 
was not shown psychiatry family history. In control 
group, 86.4% (n=114) had no psychiatry family history; 
9.1% (n=12) were shown paternal and 4.5% (n=6) were 
shown maternal psychiatric family history. On the other 
hand, in the intervention group, 88.1% (n=118) patients 
had no psychiatric history; 10.45 (n=14) had paternal 
and 1.5% (n=2) patients had a maternal psychiatric 
family history. Childhood adversity is also mentioned 

Figure 1: Flowchart showing patients’ distribution, a control group receiving usual care and the interventional group receiving 
pharmaceutical care for a period of 9 months.
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patients were not shown any childhood adversity.  In 
control group 28.0% (n=37) and interventional group 
28.4% (n=38) patients were with smoking habit, while 
19.7% (n=26) and 17.2% (n=23) patients, in control  
and interventional group respectively, were with drinking  
habit. Patient’s marital status, socioeconomic status and 
religion is mentioned in Table 2.

in Table 2. On the assessment of  childhood adversity, 
in control group, 6.8% (n=9) patients were expressed 
childhood negligence; 1.5% (n=2) with lost of  parents  
and 91.7% were not expressed any childhood adversity.  
Whereas in the intervention group, 10.4% (n=14) 
patients were with childhood negligence; 1.5% (n=2) 
were with abnormal physical health and 88.1% (n=118) 

Table 1: Demographic data of the patients.
Sl. 
No.

Demographic variable Control group

(n=132)

Interventional 
group

(n=134)

t df
95% confidence 

Interval p
Lower Upper

1 Age 36.6±11.36 38.34±12.91 -1.46 264 -5.123 0.754 0.145

2 Age of onset of first BPAD 24.11±4.07 24.36±3.97 -0.51 264 -1.226 0.715 0.605

3 BMI 26.84±8.47 27.46±10.09 -0.53 264 -2.929 1.685 0.596

Data are represented as mean ± SD
BMI= body mass Index

Table 2: Demographic data of the patients.
Sl. 
No.

Demographic variable Control group
(n=132)

Interventional group
(n=134)

Total Chi square test
df p

1 Gender
Male 

Female
81 (61.4%)
51 (38.6%)

84 (62.7%)
50 (37.3%)

165 (62.0%)
101 (38.0%)

1 0.824

2 Religion 
Hindu
Muslim

Christian 

126 (95.5%)
6 (4.5%)
0 (0.0%)

121 (90.3%)
12 (9.0%)
1 (0.7%)

247 (92.9%)
18 (6.8%)
1 (0.4%)

2 0.214

3 Marital Status
Unmarried

Married
Widow 

35 (26.5%)
96 (72.1%)

1 (0.8%)

29 (21.6%)
105 (78.4%)

0 (0.0%)

62 (24.1%)
201 (75.6%)

1 (0.4%)
2 0.337

4 Socioeconomic Status
Government Job

Private Job
Daily Basis
Homemaker 

Farmer 
Student 
Retired

Unemployed 

1 (0.8%)
29 (22.0%)

2 (1.5%)
36 (27.3%)
34 (25.8%)
21 (15.9%)

4 (3.0%)
5 (3.8%)

6 (4.5%)
27 (20.1%)

2 (1.5%)
42 (31.3%)
28 (20.9%)
22 (16.4%)

2 (1.5%)
5 (3.7%)

7 (2.6%)
56 (21.1%)

4 (1.5%)
78 (29.3%)
62 (23.3%)
43 (16.2%)

6 (2.3%)
10 (3.8%)

7 0.616

5 Family History
Nothing Significant

Paternal
Maternal

114 (86.4%)
12 (9.1%)
6 (4.5%)

118 (88.1%)
14 (10.4%)

2 (1.5%)

232 (87.2%)
26 (9.8%)
8 (3.0%)

2 0.332

6 Childhood Adversity
Neglect

Physical Health
Loss of Parents

Absent

9 (6.8%)
0 (0.0%)
2 (1.5%)

121 (91.7%)

14 (10.4%)
2 (1.5%)
0 (0.0%)

118 (88.1%)

23 (8.6%)
2 (0.8%)
2 (0.8%)

239 (89.8%)

3 0.164

7 Smoker
Yes 
No

37 (28.0%)
95 (72.0%)

38 (28.4%)
96 (71.6%)

75 (28.2%)
191 (71.8%)

1 0.953

8 Alcoholic
Yes 
No 

26 (19.7%)
106 (80.3%)

23 (17.2%)
111 (82.8%)

49 (18.4%)
217 (81.6%)

1 0.594

Data are presented as % (n)
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Table 3: Mean total Quality of Life (QOL) of the patients.
Sl. 
No.

Baseline and 
follow-up visit for 

QOL

Control 
group

(n=132)

Interventional 
group

(n=134)

t df
95% confidence 

Interval p
Lower Upper

1 Baseline visit 49.47±4.19 49.79±4.38 -0.60 263.7 -1.353 0.718 0.547

2 Follow-up visit 1 49.54±3.97 54.34±3.79 -10.1 263.0 -5.746 -3.871 0.001

3 Follow-up visit 2 48.93±3.93 55.25±3.90 -13.1 263.8 -7.260 -5.368 0.001

4 Follow-up visit 3 49.11±3.84 56.27±3.56 -15.7 261.8 -8.056 -6.268 0.001

Data are represented as mean ± SD; Baseline versus visit 1, visit 2 and visit 3 in both of groups.
p < 0.05 in increasing the quality of life; unpaired student t test.
df = degree of freedom; QOL=quality of life 

Table 4: Quality of life of patients in different Domains of WHOQOL-BREF.
Sl. 
No. Domains

Control 
group

(n=132)

Interventio-nal 
group

(n=134)
t df

95% confidence 
Interval p

Lower Upper

1 Physical Health 
Baseline visit Follow-up 
visit 1 Follow-up visit 2 

Follow-up visit 3

51.16±7.9
52.84±5.9
51.31±4.8
51.59±5.2

50.21±8.24
58.16±5.56
59.39±5.07
60.85±5.00

0.95
-7.51

-13.29
-14.74

263.85
262.01
263.71
263.02

-1.004
-6.709
-9.282
-10.48

2.9047
-3.921
-6.887
-8.016

0.339
0.001
0.001
0.001

2 Psychological Health 
Baseline visit Follow-up 
visit 1 Follow-up visit 2 

Follow-up visit 3

50.04±7.2
47.37±5.1
47.18±5.1
47.04±4.8

49.47±6.86
52.92±5.03
53.43±4.92
54.70±3.99

0.664
-8.323
-10.05
-14.00

262.70
263.68
263.46
252.66

-1.129
-6.418
-7.474
-8.732

2.280
-3.962
-5.027
-6.579

0.507
0.001
0.001
0.001

3 Social Relationship
Baseline visit Follow-up 
visit 1 Follow-up visit 2 

Follow-up visit 3

48.66±8.1
49.34±5.6
49.08±5.4
48.93±5.0

49.17±7.44
53.47±5.07
54.94±5.45
55.17±4.88

-0.526
-6.302
-8.744
-10.24

260.87
260.60
263.89
263.39

-2.392
-5.419
-7.185
-7.438

1.384
-2.838
-4.543
-5.040

0.599
0.001
0.001
0.001

4 Environmental Health
Baseline visit Follow-up 
visit 1 Follow-up visit 2 

Follow-up visit 3

48.02±7.5
48.25±6.1
48.17±6.0
48.86±5.8

50.31±7.54
52.81±6.27
53.14±6.08
54.28±6.23

-2.471
-6.009
-6.672
-7.327

263.91
263.95
263.95
263.27

-4.116
-6.058
-6.443
-6.876

-0.465
-3.068
-3.506
-3.963

 0.014
0.001
0.001
0.001

Data are represented as mean ± SD; Baseline versus visit 1, visit 2 and visit 3 in both of groups.p < 0.05 in increasing the quality of life; unpaired student t test.
df = degree of freedom; QOL=quality of life.

The quality of  life has been being assessed by WHO-
QOL-BREF. Change in the quality of  life (QOL) from 
baseline to the end of  the study in both groups are 
shown in Table 3. It is evidence from the result that, the 
quality of  life in the interventional group, were increased 
gradually at every follow-up. Whereas in the control  
group, QOL of  patients were on stationary stage.  
The mean score of  QOL at baseline, in control 
and the interventionalgroup, was 49.475±4.191 and 
49.792±4.384. There was no statistical difference  
(p=0.547) observed at baseline level with 95% confidence  
interval (CI). After the pharmaceutical care based inter-
vention in the interventional group, it is to be observed 

that, during the follow-up visit there were statistically 
significant improvement were observed (p=0.001).
On the assessment of  WHOQOL-BREF, in Domain 
1 (Physical health) no significant difference (p=0.339) 
were observed at baseline in both of  the groups. But 
during the follow-up visits, there was a significant 
improvement (p=0.001) seen  Same as in Domain 2 
(Psychological health) and Domain 4 (Environmen-
tal health) respectively, no significant differences were 
observed at baseline, but in Domain 3 (Social relation-
ship) significant difference (p=0.014) was observed. On 
the other hand, in the interventional group, statistically 
significant improvement (p=0.001) were observed in all 
Domains. (Table 4)
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DISCUSSION
Ours is the first study to evaluate the impact of  pharma-
ceutical care based on collaborative care for the patients 
with bipolar disorder in India.  As per the result of  the 
study, we assessed the positive effect of  pharmaceutical 
care on intervening patient population in compare to 
patients with care as usual. Lizer M H et al 20 assessed 
the effect of  pharmacist assist psychiatry clinic, in the 
observation statistically significance difference were 
observed in physical health and psychological health 
domain (p<0.001). Ghazavi Z et al 21 conducted a pilot 
study to compare the effect of  psycho-education on 
quality of  life of  the patients, there statistically signifi-
cant difference were observed in the (mean) quality of  
life of  both study group (p=0.04) and control group 
(p=0.09). As per the observation of  the our study the 
(mean) quality of  life in the interventional group was 
found p<0.001 (Table 3). So, we can concluded that 
pharmaceutical care-based collaborative approach can 
enhance the patients’ quality of  life.
We had taken different measures to improve the quality of  
our study. Firstly, we included the qualified and trained 
clinical pharmacist during the study, so that we could  
provide better education and care to the patients.  
Secondly, we prepared the selective exclusion criteria for 
the targeted patient population to get the good accuracy 
of  the study result. Thirdly, we prepared a proper plan 
for the interventional group patients’ population, in 
which, medication-related education, psycho-education 
and lifestyle related education were provided along with 
the structured patient information leaflet and booklets 
in a local vernacular language like Kannada, Marathi, 
Hindi and English. Fourthly, we used randomization 
process so that we could assessed better result for the 
effect of  provided care.8 Finally, during the follow-up 
of  the study, we were in telephonic contact with the 
patient so that we could control the attrition rate of  
the study.  Besides these positive points, our study had 
some limitations. The first limitation of  the study was 
patient biased, which as passed by the patients. Many 
patients during the manic phase self-report the high 
quality of  life whereas during the depressive phase poor 
and during euphoric phase shows the normal quality 
of  life.22certainly, this kind of  bias may change during 
the cyclic phase of   bipolar disorder and mood swing 
of  the patients. The second limitation of  the study was 
to control the attrition rate of  the patients due to the 
patients’ psychological condition. Most of  the patients 
left the study without showing any cause. The voluntary 
withdrawal of  the patients may affect the result of  study 
and the third limitation of  the study was to control the 

exposure of  patient with other participants during the 
follow-up, which might alter the result too. Fourthly, 
we did not assess the symptom improvements of  the 
patients.
Such type of  limitation is possible during the study, 
but most of  the patient done follow-up and participate 
properly in the study. This type of  study required for the 
multicentre level with a high number of  patient sample, 
to show the better effect of  care which has provided by 
the clinical pharmacist as a part of  collaborative care 
team. 

CONCLUSION
conducted study shows that, clinical pharmacist lead 
collaborative care can enhance the patients’ quality of  
life in compared to usual care, which is showing that, 
the participation of  clinical pharmacist in psychiatry 
settings may lead to integration in health care delivery 
systems.
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Abstract

Introduction—Cesarean section (CS) rates are increasing globally with an unclear effect on 

pregnancy outcomes. The study objective was to quantify maternal and perinatal morbidity and 

mortality in low- and middle-income countries associated with CS compared to vaginal delivery 

(VD) both within and across sites.

Material and methods—A prospective population-based study including home and facility 

births in 337,153 women with a VD and 47,308 women with a CS from 2010 to 2015 was 

performed in Guatemala, India, Kenya, Pakistan, Zambia, and Democratic Republic of Congo. 

Women were enrolled during pregnancy; delivery and 6-week follow-up data were collected.

Results—Across all sites, CS rates increased from 8.6 to 15.2%, but remained low in African 

sites. Younger, nulliparous women were more likely to have a CS, as were women with higher 

education and those delivering a 1500–2499g infant. Across all sites, maternal and neonatal 

mortality was higher, and stillbirths lower, in pregnancies delivered by CS. Antepartum and 

postpartum complications as well as obstetric interventions and treatments were more common 

among women who underwent CS. In stratified analyses, all outcomes were worse in women with 

a CS compared to VD in African compared to non-African sites.

Conclusions—CS rates increased across all sites during the study period, but at more 

pronounced rates in the non-African sites. CS was associated with reducedpostpartum hemorrhage 

and lower rates of stillbirths in the non-African sites. In the African sites, CS was associated with 

an increase in all adverse outcomes. Further studies are necessary to better understand the increase 

in adverse outcomes with CS in the African sites.

Keywords

cesarean section; low- and middle-income countries; maternal morbidity; maternal mortality; 
neonatal morbidity; neonatal mortality

Introduction

The World Health Organization (WHO) has asserted that improving availability, 

accessibility, quality, and use of healthcare services is essential to reducing maternal 

mortality during pregnancy, labor, and delivery (1). This requires universal access to 

comprehensive emergency obstetrical care (EmOC), defined as a health service 

organization’s capability to provide antibiotics, uterotonics, magnesium sulfate, blood 

transfusion, and employ skilled providers who can perform manual placental extraction, 

remove retained products of conception, perform operative vaginal delivery, neonatal 

resuscitation, and cesarean section (CS) (1). Per the WHO, CS, at a rate of around 5 – 15%, 

is considered essential treatment for antepartum hemorrhage, dysfunctional labor, 

hypertensive disease, and fetal distress in order to prevent maternal, neonatal, and fetal 

morbidity and mortality (1).
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CS rates are increasing globally. The average global CS rate has increased by 150% over the 

past 25 years, and is currently at 18.6% with an average rate of increase of 4.4% per year 

(2). Understanding how pregnancy outcomes are affected by delivery method in low and 

middle-income countries (LMIC) is important to ensure that the intervention is, on balance, 

beneficial (3). Research has shown that the relative risks of maternal mortality, neonatal 

respiratory morbidity, hysterectomy, ureter and bladder injury, fetal death, placental previa, 

and uterine rupture in a future pregnancy are increased with CS as compared to vaginal 

delivery (VD) (4). It has been suggested that research on health outcomes related to CS and 

testing of interventions to reduce unnecessary CS are essential (5). Thus, the objective of 

this study was to quantify maternal and perinatal morbidity and mortality in LMIC 

associated with CS compared to VD, both within and across study sites.

Material and methods

This analysis was conducted using data from a prospective study conducted in communities 

at seven sites in six low-income countries on births from January 1, 2010 through December, 

2015 (Chimaltenango, Guatemala; Nagpur District and Karnataka District, India; western 

Kenya; Thatta District, Pakistan; Lusaka, Zambia; and Equateur, the Democratic Republic of 

the Congo) (the Democratic Republic of the Congo site initiated enrollment in 2014). These 

seven sites are in the Global Network for Women’s and Children’s Health Research (GN), a 

network of institutions which conducts research aimed at improving maternal and newborn 

outcomes. The Eunice Kennedy Shriver National Institute of Child Health and Human 

Development (NICHD) in the USA funds the GN.

The GN’s prospective registry, the Maternal and Newborn Health Registry (MNHR), 

includes outcomes from rural or semi-urban geographical areas. Each site includes between 

six and 24 distinct communities. The methods of the MNHR have been published (6). In 

general, each community represents the catchment area of a primary healthcare center, and 

about 300 to 500 births take place annually in each locale. Beginning in 2008, the study 

investigators at each site initiated an ongoing, prospective maternal and newborn health 

registry of pregnant women for each community. The objective is to enroll pregnant women 

by 20 weeks’ gestation and to obtain data on pregnancy outcomes for all deliveries of 

registered women, regardless of birth location (i.e., home, health clinic or hospital). Each 

community employs a registry administrator who identifies and tracks pregnancies and their 

outcomes in coordination with community elders, birth attendants, and other health care 

workers.

The primary purpose of the MNHR is to quantify and analyze trends in pregnancy outcomes 

in defined low-resource geographic areas over time in order to provide population-based 

statistics on pregnancy outcomes, including stillbirths, neonatal and maternal mortality and 

morbidity. The analysis presented here utilizes the MNHR to determine maternal and fetal 

outcomes in the setting of CS and to compare these outcomes to a reference population, also 

from the registry, that underwent VD, both within and across study sites. VD includes both 

spontaneous and assisted vaginal deliveries. The rates of the latter remained stable at less 

than 1% of all deliveries during the course of the study.
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Other covariates were defined in accordance with the WHO definitions, described elsewhere 

(7). Gestational age at delivery was classified as term (>37 weeks gestation) or preterm (<37 

weeks) for all deliveries, based on gestational age from last menstrual period and estimated 

due date. Infants originally classified as term or preterm with implausible birth weights for 

that classification were reclassified. Birth weight was the weight of the live birth or stillbirth 

taken at delivery or as soon as possible after delivery. Within the registry, stillbirth is defined 

as the death of a fetus at 20 weeks gestational age or later, with the fetus showing no signs of 

life at birth, such as gasping, breathing, heartbeat, or movement. Postpartum hemorrhage 

(PPH) is defined as blood loss of 1000 mL or more from the genital tract after delivery 

through six weeks postpartum.

Data were collected and entered into research computers at each study site and transmitted 

through secure methods to a central data-coordinating center (RTI International). All 

analyses were done with SAS version 9.4 (SAS Institute, Cary, NC, USA). Analyses 

included descriptive statistics. Relative risks were computed using log binomial generalized 

linear models with generalized estimating equations accounting for study clusters. In 

addition, because the results suggested that CS rates were different by birth weight, 

Cochran-Mantel-Haenszel tests stratified by site were performed to control for birth weight, 

as average birth weights vary by country within the registry.

The appropriate institutional review boards/ethics research committees of the participating 

institutions and the ministries of health of the respective countries approved the MNHR. 

Prior to initiation of the study, approval was sought from the participating communities. 

Individual informed consent for study participation is requested and obtained from each 

study participant. A Data Monitoring Committee, appointed by the NICHD, oversees and 

reviews the study semi-annually.

Results

Altogether, 384,461 women were screened and enrolled, 47,308 who had a CS and 337,153 

who had a VD. Figure 1 illustrates CS rates over time within the GN. While in the Central 

American and south Asian sites, the CS rates approximately doubled over the five years of 

data collection, there was little or no change in CS rates in Zambia, and in Kenya the CS rate 

increased from <1% to 2%. There are only two years of data (2014–2015) for the 

Democratic Republic of Congo.

Table 1 shows the maternal characteristics of women experiencing CS versus VD within the 

GN. All characteristics were significantly different at p<0.05. Women more likely to 

undergo CS were younger, nulliparous and more educated.

Table 2 presents infant characteristics including gestational age and birth weight by delivery 

method. The test of differences are adjusted for GN site, to account for the fact that birth 

weights in African countries tend to be higher than those in south Asia. Babies in the birth 

weight range of 1500–2499g were more likely to be delivered by CS, while babies who 

weighed >2500g were more likely to have been delivered vaginally.
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Table 3A presents the relationship of antepartum complications, including obstructed labor/

prolonged labor/failure to progress, antepartum hemorrhage, hypertensive disease, and 

malpresentation to delivery method. Additionally, there was a comparison of women with no 

recorded antepartum complications who underwent CS versus VD. Each of the antepartum 

complications evaluated was more likely to be present in pregnancies delivered by CS than 

those delivered vaginally. Women without one of these antepartum complications were more 

likely to deliver vaginally. Because Table 3A suggested that antepartum complications in the 

setting of CS were more common in African sites than in the other sites within the GN, 

African and non-African sites were compared in Table 3B. Each of the antepartum 

complications evaluated had a higher relative risk of a CS in the African sites compared to 

the other sites studied.

Table 4A shows how postpartum complications and procedures were related to delivery 

method. Postpartum infection, maternal death, the use of dilation and curettage, 

hysterectomy, and unplanned hospitalization, were all more common after CS than VD, 

although PPH was not. When the outcome of PPH related to CS was evaluated on a regional 

basis (Table 4B), hemorrhage associated with CS was more common in the African sites, 

while PPH was less common in the non-African sites. In the African sites, all adverse 

maternal outcomes were more common in the setting of CS than in other sites. While 

adverse outcomes were up to fifteen times more common after CS than VD in the African 

sites, in the other settings they were about twice as likely to occur.

Table 5A shows an assessment of interventions commonly performed during and after 

delivery, and how prevalent those obstetric treatments were in the setting of CS versus VD. 

These interventions include prophylactic antibiotics, preterm corticosteroid administration, 

uterotonic utilization, blood transfusion, and magnesium sulfate administration. With the 

exception of uterotonics, all interventions were used at least twice as often in the setting of 

CS as compared to VD. In the setting of CS, the African sites were found to utilize all 

interventions at higher rates than sites in other regions (Table 5B).

Table 6A focuses on perinatal outcomes in the setting of CS versus VD. Overall, stillbirth 

was less common in the setting of CS, but neonatal mortality was more common. Table 6B, 

which separates outcomes by region, shows that this was not the trend in sub-Saharan 

Africa. In the African sites, stillbirth was five times more common in women undergoing CS 

than VD (RR 5.6, 95% CI 4.3, 7.1) and neonatal mortality three times (3.2, 95% CI 2.4, 4.2) 

more likely. (Table 6B) In comparison, at non-African sites, the RR for stillbirth in women 

with CS vs VD was less (0.6, 95% CI 0.5, 0.6), with little difference in the neonatal 

mortality.

Discussion

The study objective was to quantify maternal and perinatal morbidity and mortality in LMIC 

associated with CS compared to VD, both within and across sites. In summary, we found 

that younger, nulliparous women were more likely to have a CS, as were women with higher 

education and those delivering a 1500–2499g infant. Across all sites, maternal and neonatal 

mortality was higher, and stillbirths lower, in pregnancies delivered by CS. Antepartum and 
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postpartum complications as well as obstetric interventions and treatments were more 

common among women who underwent CS. In stratified analyses, all outcomes were worse 

in women with a CS compared to VD in African compared to non-African sites. PPH was 

lower among women undergoing CS in non-African sites.

Our analysis found that young, nulliparous, and more educated women were most likely to 

undergo CS. These findings are also consistent with previous publications that demonstrate 

that young, nulliparous patients are at increased risk of CS, which may be attributable to 

cephalopelvic disproportion and obstructed labor (8). The concern is that some women may 

become pregnant before their pelvises are fully developed, putting them at increased risk of 

dysfunctional labor that requires cesarean delivery (9). An analysis of nearly 80,000 

adolescents supported this assertion as it showed that extremely young adolescents (< 15 

years old), were more likely than older women (20 – 24 years old) to undergo CS when the 

indication for CS was cephalopelvic disproportion (10). The finding that less educated 

women have lower rates of CS suggests that, if education is used as a proxy for 

socioeconomic status, that poorer, less educated women may have less access to facility 

delivery and CS, or that care differs in the facilities poor women have access to as compared 

to richer women. For example, studies performed in Latin America found differences in CS 

rates in public versus private hospitals and attributed the differences to provider behavior 

instead of access to care (11, 12).

The finding that CS is more common in infants weighing in the 1500 – 2499g range may be 

explained by the fact that smaller fetuses might be more likely to have a malpresentation, to 

be growth restricted, to be delivered in the context of hypertensive disorders that require 

preterm delivery, or have another condition requiring CS, such as placental abruption. All 

antepartum complications were more common in pregnancies delivered by CS as compared 

to those delivered vaginally. Vaginal delivery was significantly more common in pregnancies 

where no major antepartum complication was present (>90% of deliveries in all sites except 

Pakistan), suggesting that the majority of CS in the GN were performed for clinical 

indications. These antepartum complications may have contributed to the decision to 

perform CS. If the complications in the African sites are used as a proxy measure for 

indication, they are comparable to other major studies on indication for CS in the region 

(13).

Across all sites, maternal and neonatal mortality was higher in pregnancies delivered by CS, 

which is supported by the experience of other LMIC (14). However, stillbirth rates and PPH 

were lower among women undergoing CS in non-African sites. It was a surprising finding 

that PPH was reduced in the setting of CS in non-African sites, but there is some plausibility 

to this finding. A recent Lancet publication noted that the rate of CS performed prior to the 

onset of labor is increasing (15). Data from the USA has shown that potential short-term 

maternal benefits of planned cesarean delivery compared with a planned vaginal delivery 

included a decreased risk of PPH and transfusion (16). Regarding stillbirth, ninety-eight 

percent of stillbirths occur in LMIC, occurring at a rate of over 2.5 million per year, making 

stillbirth one of the most common adverse perinatal outcomes (17). If CS is associated with 

fewer stillbirths in the non-African sites, this suggests that CS may offer benefit for this 

outcome as well.
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Antepartum and postpartum complications, as well as obstetric interventions and treatments, 

were more common among women who underwent CS. This may be due to the fact that 

many of the vaginal deliveries in the GN occurred outside facilities, often in the home 

setting, where subsequent interventions would be less likely. Women with antepartum 

complications or complicated labors would likely be transferred to a facility where CS might 

possibly ensue. While some interventions such as prophylactic antibiotic administration are 

generally beneficial, other interventions such as dilation and curettage and hysterectomy 

might have been performed in response to morbidities sustained by the performance of a 

poor quality CS. Blood transfusion and uterotonic use were also more common in women 

undergoing CS. With respect to antibiotic administration, which we consider a sign of high 

quality care, while rates above 95% were observed with CS, the finding of antibiotic 

treatment in 45% of vaginal deliveries raises concern. It is not clear whether this represents 

prophylactic administration of medications or treatment of a postpartum infection; the latter 

would suggest very high rates of infection in our study sites. Many providers in LMIC 

administer prophylactic antibiotics after vaginal delivery, which likely accounts for this 

finding, but it does not represent standard of care per WHO recommendations (18). This is 

an area that warrants further research.

In stratified analyses, all outcomes were worse in women with a CS compared to VD in 

African compared to non-African sites. For example, when the African sites were compared 

to the other sites in the GN, maternal mortality appears to be ten times more common in the 

setting of CS, suggesting that these women may be presenting for care in a significantly 

worse state, or that the quality of CS in the African sites, as compared to the other sites, is 

far inferior. This finding potentially supports the WHO’s assertion that quality of care is of 

primary importance to improving outcomes, not just increasing access and utilization of 

healthcare services (19). If women are presenting for care at more advanced stages of labor 

and in higher acuity situations, this raises the point that improved community and provider 

education regarding abnormal progress in labor may also be important to improve outcomes 

in these settings. Healthcare providers not knowing if the fetus was alive when the CS was 

performed may explain the higher rate of stillbirth in the African sites. If the providers knew 

the fetus was dead, there may have been obstetric or maternal indications such as obstructed 

labor or hemorrhage that required expedited delivery by CS to prevent further maternal 

morbidity and mortality.

Several other issues merit discussion. First, since CS rates of at least 2% are thought to be 

required to reduce maternal mortality and CS rates of 10% to 15% are required to have a 

significant impact on stillbirths, it is clear that there is a large unmet need for CS, especially 

in the African sites (20, 21). Evidence from Uganda suggests that increasing access to CS is 

highly cost effective and additional evidence from across Africa suggests that increasing CS 

rates will reduce maternal and infant mortality (22). The low rates of assisted vaginal 

delivery across sites likely represent another unmet obstetrical need. Assisted vaginal 

delivery with vacuum or forceps may reduce the risk of delivery of an asphyxiated fetus, 

thereby preventing a stillbirth or neonatal death. Where neither CS nor assisted vaginal 

delivery is available, as often appears to be the case in the African sites, craniotomy and 

vaginal delivery, especially in the face of obstructed labor and stillbirth, may be life-saving 

for the mother. This procedure was not reported at any of our site hospitals during the study 
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period. Furthermore, one limitation is that we did not collect data on uterine rupture, data 

which would contribute to our understanding of the unmet need for CS in many of our sites. 

Clearly, the issue of unmet obstetrical need is a crucial issue that bears further investigation.

This study has a number of limitations including the fact that many of the deliveries 

occurred at home with either a family member or a traditional birth attendant present. 

Additionally, for many deliveries occurring in a clinic or hospital, medical records were 

often incomplete. While trained registry administrators interviewed the women and 

caregivers and reviewed the medical records within 48 hours of delivery, determining the 

amount of blood loss or length of labor was often problematic. Recall bias may have 

occurred. Additionally, while our registry collects data on pregnancy complications, it did 

not specifically collect information on indication for CS, or timing of the CS with regards to 

onset of labor. It is generally unknown if stillbirths were diagnosed prior to the CS or were 

only diagnosed at delivery. Each of these issues indicates the importance of collecting more 

detailed information on the events leading up to and during CS so that audits can be 

performed to determine if CS are performed for appropriate indications and how associated 

pregnancy outcomes are affected. Each hospital should consider performing CS audits to 

evaluate appropriateness and safety of the procedures.

The strengths of this study include its large sample size, varied sites on three continents, data 

collected prospectively, and pre-specified outcomes that were defined similarly at all sites. In 

summary, CS is rapidly becoming an increasingly common surgery around the globe, and 

rates are increasing within the GN as well (23). This analysis shows that in LMIC, CS is an 

essential but complex healthcare service. The data suggest that in some locations, CS is 

associated with reduced stillbirth and PPH, but also is associated with adverse postpartum 

outcomes including severe morbidity and death and additional treatments and interventions. 

The WHO has asserted that women should deliver in facilities with skilled birth attendants 

in order to improve outcomes, but acknowledges that those outcomes may not improve 

unless high quality care is provided. As the global health community supports the 

medicalization of childbirth, it must provide resources and guidelines to promote safe CS so 

that the most benefit and least harm will occur from increasing utilization of this procedure.
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Key Message

Cesarean section was associated with reduced postpartum hemorrhage and stillbirth in 

Latin American and South Asian sites, while adverse pregnancy outcomes were worse 

after cesarean section in African sites.
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Figure 1. 
Cesarean section rates at Global Network sites, 2010–2015.
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Table 1

Characteristics of women experiencing cesarean vs. vaginal delivery, 2010 – 2015.

Characteristic Cesarean Vaginal

Deliveries, N 47,308 337,153

Maternal age, N (%) 47,277 336,707

  < 20 4,193 (8.9) 41,533 (12.3)

  20–35 41,559 (87.9) 280,743 (83.4)

  > 35 1,525 (3.2) 14,431 (4.3)

Parity, N (%) 46,780 335,036

  0 22,435 (48.0) 101,462 (30.3)

  1–2 19,497 (41.7) 141,587 (42.3)

  ≥3 4,848 (10.4) 91,987 (27.5)

Education, N (%) 47,203 336,100

  No formal education 7,021 (14.9) 91,082 (27.1)

  Primary 11,775 (24.9) 114,557 (34.1)

  Secondary 20,780 (44.0) 111,899 (33.3)

  University+ 7,627 (16.2) 18,562 (5.5)
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Table 2

Birth outcomes of women experiencing cesarean vs. vaginal delivery, 2010–2015.

Characteristic Cesarean Vaginal P-valuea

Births, N 48,219 339,980

Gestational age, N (%) 46,978 325,720 0.9308

  Preterm 5,613 (11.9) 42,284 (13.0)

  Term 41,365 (88.1) 283,436 (87.0)

Birth weight, N (%) 48,166 339,334 <.0001

  < 1000g 101 (0.2) 1,823 (0.5)

  1000–1499g 494 (1.0) 3,736 (1.1)

  1500–2499g 7,670 (15.9) 40,445 (11.9)

  ≥2500g 39,901 (82.8) 293,330 (86.4)

a
Cochran-Mantel-Haenszel test adjusting for site.
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Abstract

Diabetic retinopathy (DR) is a leading cause of blindness among working-age adults. Early

diagnosis through effective screening programs is likely to improve vision outcomes. The

ETDRS seven-standard-field 35-mm stereoscopic color retinal imaging (ETDRS) of the

dilated eye is elaborate and requires mydriasis, and is unsuitable for screening. We evalu-

ated an image analysis application for the automated diagnosis of DR from non-mydriatic

single-field images. Patients suffering from diabetes for at least 5 years were included if they

were 18 years or older. Patients already diagnosed with DR were excluded. Physiologic

mydriasis was achieved by placing the subjects in a dark room. Images were captured using

a Bosch Mobile Eye Care fundus camera. The images were analyzed by the Retinal Imaging

Bosch DR Algorithm for the diagnosis of DR. All subjects also subsequently underwent

pharmacological mydriasis and ETDRS imaging. Non-mydriatic and mydriatic images were

read by ophthalmologists. The ETDRS readings were used as the gold standard for calculat-

ing the sensitivity and specificity for the software. 564 consecutive subjects (1128 eyes)

were recruited from six centers in India. Each subject was evaluated at a single outpatient

visit. Forty-four of 1128 images (3.9%) could not be read by the algorithm, and were catego-

rized as inconclusive. In four subjects, neither eye provided an acceptable image: these four

subjects were excluded from the analysis. This left 560 subjects for analysis (1084 eyes).

The algorithm correctly diagnosed 531 of 560 cases. The sensitivity, specificity, and positive

and negative predictive values were 91%, 97%, 94%, and 95% respectively. The Bosch DR

Algorithm shows favorable sensitivity and specificity in diagnosing DR from non-mydriatic
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images, and can greatly simplify screening for DR. This also has major implications for tele-

medicine in the use of screening for retinopathy in patients with diabetes mellitus.

Introduction

Diabetic retinopathy (DR) in time affects nearly all individuals with type I,[1] and most

patients with type II diabetes melllitus.[2] DR may progress to blindness; in fact, DR is the

leading cause of new blindness among working-age adults[3]. About 4% of persons with early-

onset diabetes are blind, and nearly all blindness in this age group is related to the complica-

tions of DR.[3] About 2–3% of late-onset diabetics are blind.[4]–in this group about a third of

blindness is caused by diabetes.[3]

The risk of DR can be reduced by careful control of blood sugar levels and blood pressure.

[5, 6] Early diagnosis of DR through effective screening programs, should, therefore, be

expected to improve vision outcomes. DR has a long latent phase, and screening and timely

intervention for DR has been shown to be cost-effective when compared with the disability

loss of blindness.[7, 8] Indeed, Ferris[9] estimated that blindness would be reduced ten-fold

with appropriate early intervention.

Fundus photography is a simple and cost-effective method of making a diagnosis in sus-

pected retinopathy. One of the major advantages is that the photograph can be examined by

others, at various locations, much as an X-ray can.[10] The first photographs of the retina were

published in 1886, but commercial fundus cameras appeared only forty years later.[11]

The gold standard for grading DR is the expert interpretation of the ETDRS seven-stan-

dard-field 35-mm stereoscopic color retinal image (ETDRS) of the dilated eye.[12, 13] Tradi-

tional fundus cameras provide excellent pictures, but are typically large, bulky, difficult to use.

They are also expensive, and require time-consuming and uncomfortable mydriasis, and are

therefore clearly not designed for screening. Since screening for DR is often inadequate, there

is a need for easily-available, inexpensive methods for diagnosing the condition.[14] Over the

years, progress has been directed towards non-mydriatic photography, simplifying cameras,

diagnosis by general practitioners, and automated diagnosis. Non-mydriatic image acquisition

methods take less than half the time[15] and, when interpreted by ophthalmologists, show

good correlation with the gold standard.[15, 16] Telemedicine has also helped overcome the

shortage of qualified ophthalmologists.[17],[18]

Despite these endeavors, screening still may be inadequate.[19, 20] A screening method

that does not require trained persons would be expected to significantly improve availability

and reduce costs.[21]

We have been working on a medical image analysis application for ophthalmology profes-

sionals. This application can capture retinal images and transfer them to a computer (and to a

cloud database), and can classify images as healthy, inconclusive, or DR affected. In the last

year, we have prospectively evaluated this system for the diagnosis of DR. The objective of the

paper is to present the sensitivity, specificity, positive predictive value (PPV), and negative pre-

dictive value (NPV) of this instrument, with respect to 7-field ETDRS imaging.

Methods

The study was a prospective, open-label trial. Non-mydriatic images were captured using the

Bosch camera and were evaluated by the Bosch DR Algorithm software for the diagnosis of
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DR. The results were compared with those obtained by 7-field ETDRS images in the same

subjects.

Patients

The study was conducted on patients recruited at one of 6 centers in India (Table 1).

The study was approved by the ethics committees of each of the participating hospitals and

medical centers. For the center at Jaipur, the approval was provided by the ethics committee of

the SEAROC Cancer Center, Jaipur. The study was registered on the Clinical Trials Registry–

India (CTRI), with the registration number CTRI/2017/01/007709 (the trial protocol can be

viewed at the following url: http://ctri.nic.in/Clinicaltrials/showallp.php?mid1=

16105&EncHid=&userName=thinki). Informed written consent was taken, and Good Clinical

Practice norms were followed at all times.

Male and female patients suffering from type I or type II diabetes mellitus for at least 5

years were included if they were 18 years or older. We excluded patients who were already

diagnosed to have DR, and those who had associated intraocular disorders (Table 2).

Diagnosis of DR

The algorithm diagnosed the eyes as “healthy”, “DR affected” or “inconclusive”.

The investigators who read the images diagnosed the eyes as “DR present” or “DR absent”.

They used the American Academy of Ophthalmology guidelines[22] as the standard for mak-

ing the diagnosis. Any findings falling under the nonproliferative DR or proliferative DR cate-

gory of ETDRS[12] were categorized as “DR present”.

Fundus image collection

Once subjects were enrolled, a medical history was obtained and a clinical examination carried

out. The subjects were placed in a dark room for at least two minutes to achieve physiological

mydriasis before they underwent retinal imaging.

Table 1. Participating centers in India.

1 Padmashree Dr. DY Patil Medical College Hospital and Research Centre, Mumbai, Maharashtra.

2 JN Medical College, KLE University, Belgavi, Karnataka.

3 Dr. Virendra Laser, Phaco Surgery Centre Pvt. Ltd., Jaipur, Rajasthan (SEAROC Ethics Committee,

Jaipur, Rajasthan).

4 Sri Sankaradeva Nethralaya, Guwahati, Assam.

5 Deenanath Mangeshkar Hospital and Research Centre, Pune, Maharashtra.

6 NKP Salve Institute of Medical Sciences and Lata Mangeshkar Hospital, Nagpur, Maharashtra.

https://doi.org/10.1371/journal.pone.0189854.t001

Table 2. Exclusion criteria.

Inability or unwillingness to provide an informed consent

History of known retinal disease

History of intraocular surgery (other than cataract surgery), or of ocular laser or injection treatment for any

retinal disease

Extremely small pupil that affected image capture, or an opacity or other condition in either eye that

precluded good bilateral retinal photography

Conjunctivitis, red eye, or any other inflammatory condition with photophobia

Gestational diabetes mellitus

Inability or unwillingness to provide an informed consent

https://doi.org/10.1371/journal.pone.0189854.t002
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A single external fundus image of each eye was acquired using the Bosch nonmydriatic fun-

dus camera. This camera is a physical hand-held device that offers both non-mydriatic and

mydriatic modes for faster and accurate detection. We captured non-mydriatic single-field

color fundus images with effective spatial resolutions equal or more than 2.6 MP. Images were

uploaded to the cloud using the telemedicine software, Medibilder Lite. There were first pre-

processed by cropping (to get approximately square images), re-scaled to a lower resolution of

512�512, and then normalized and transferred to the Bosch algorithm for DR evaluation. The

results from the algorithm were documented. Investigators were kept blinded from the results.

After the nonmydriatic images were taken, the patients underwent 7-Standard Field stereo-

scopic Digital Colour Fundus (EDTRS) imaging[12] after mydriasis with tropicamide. These

images were evaluated by the investigators.

Deep learning algorithm for DR classification

The fundus images captured from the patients were analyzed by the Bosch DR Algorithm,

which performs classification. The image data acquired was processed and the output gener-

ated using MediBilder as a user-interface. Medibilder is a DICOM compliant client software

for picture archiving and communication systems, capable of image operations such as mark-

ing, annotation, and layering. (DICOM is an acronym for Digital Imaging and Communica-

tions in Medicine standard for handling, storing, printing, and transmitting information in

medical imaging.) This algorithm classifies each fundus image as DR affected, healthy, or

inconclusive. The data were recorded into electronic case record forms (CRFs). Fig 1 describes

the process flow.

The Bosch DR Algorithm uses deep convolutional neural network to automatically detect

whether a fundus image has DR. Deep learning is an artificial intelligence method in which the

input image passes through many types of filters in order to automatically extract the best fea-

tures.[23] The computational models involve numerous convolutional layers, and the auto-

matically generated features have markedly improved the state-of-the-art in visual object

recognition.[24] Our deep learning architecture configuration consists of 13 convolutional lay-

ers. The optimal number of layers was based on experimental analysis, and we found that

increasing the layers did not raise the performance significantly. We have used cross-entropy

as the cost function to be minimized. The output layer consists of a single output neuron (for

specifying the result of binary classification).

The Bosch algorithm differs from one developed by the Google team[25] in two main ways.

One, the Google network uses a more complex architecture that consists of 11 blocks, and,

totally, there are more than 80 convolutional layers. They had used an ensemble of 10 such net-

works. We have used a different scheme of a single network, which consists of 13 convolu-

tional layers, and yet it provides sufficient accuracy.

Two, in our network, to avoid the problem of vanishing gradients (wherein the gradient

update tends to zero), we adopted the technique of adding random noise to the gradients

Fig 1. Process flow of subjects. *ETDRS: ETDRS seven-standard-field 35-mm stereoscopic color retinal

imaging.

https://doi.org/10.1371/journal.pone.0189854.g001
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during optimization, as described by Neelakantan et al.[26] This approach also helps to avoid

overfitting, and results in lower training loss. On the other hand, this addition of random

noise was not found in Google’s paper.

Inconclusive cases: The proportion of inconclusive cases is constrained to be around 10%-

20% of the test data by optimizing the thresholds (which is ensured during training).

Training database: For the training phase, we have used a large dataset of nearly 80,000

images. These consist of challenging cases from (i) Open-source data EyePACS-1, that com-

prises mydriatic and non-mydriatic fundus images, and (ii) About 5000 Bosch Eye Camera

images collected from various camps across India, verified by 3 ophthalmologists. The training

set was derived from completely different patients, sites, and operators, when compared to the

testing images of the actual study. This ensures external validity of the algorithm, as the test set

is different.

Sample size calculations and statistics

We calculated the sample size as follows:

N = (Z2 � Sn � (1-Sn))/ (L2 � prevalence), where Z was 1.96 for alpha = 0.05, Sn = sensitivity,

set at 0.9 from previous studies, L = margin of error, set at 0.05, and prevalence (of DR in dia-

betes) set at 0.25 from earlier studies.[27–29] This provided a requirement of 533 subjects,

which we rounded off to 550.

Data analysis was carried out using SPSS1 version 22. The sensitivity, specificity, PPV, and

NPV were calculated for the algorithm using the investigators’ diagnoses on the 7 field ETDRS

images as the gold standard. We excluded the cases classified as inconclusive by the algorithm.

Results

Subjects were recruited between October 2016 and January 2017. The study included 564 sub-

jects, each of whom were evaluated at a single outpatient visit. Of the 1128 eyes studied, 44

images (3.9%) were categorized inconclusive by the algorithm. Eight of these were from the

same four subjects, who were excluded because the algorithm categorized both eyes as incon-

clusive. This left 1084 eyes, from 560 subjects, for analysis (Fig 2). The subjects included 351

males and 209 females, with ages ranging from 20 to 85 years (median 58). They all had diabe-

tes for at least five years.

Bosch DR Algorithm

The algorithm correctly diagnosed 531 of 560 cases (Table 3). The sensitivity, specificity, PPV,

and NPV were 91.18%, 96.9%, 94.4%, and 95.0% respectively.

Discussion

Non-mydriatic fundus photography became available in the 1980s.[30] It was, naturally, well-

tolerated by patients, but the images sometimes lacked clarity, with 5–25% of pictures being

unusable. Early studies showed that though the specificity rates were high, sensitivity rates for

the diagnosis of DR were low, missing nearly half of cases.[14] Improvement in cameras was

driven by the frequent occurrence of unusable images. An excellent review was published by

Panwar et al,[11] detailing the technical specifications of fundus cameras for mydriatic and

non-mydriatic photography. More recently, cameras have become smaller: indeed, some

mobile phones are able to take pictures without the need for mydriasis.[11]

Automated non-mydriatic fundus photography for diabetic retinopathy

PLOS ONE | https://doi.org/10.1371/journal.pone.0189854 December 27, 2017 5 / 13

https://doi.org/10.1371/journal.pone.0189854


Image quality

In 1084 of 1128 cases the images were of acceptable quality for evaluation (96.1%). This com-

pares favorably with the rates reported in earlier publications, where about 70–95% of non-

mydriatic photographs were acceptable.[14, 31–34]

Our software has advantages over previously described work, for example that published

recently by Google’s Gulshan and coworkers.[25] Unlike the California-based team, which

used an ensemble of 10 networks, we have used a much simpler network and yet obtained

comparable performance. Fewer layers require lesser memory and processing power. An addi-

tional novelty of our architecture is that we have added noise to the gradients (during optimi-

zation). This modification, which is included in the training model, helps us in providing

robust results even for lower quality images, with variations such as color and visibility of

lesion-affected regions.

Fig 2. Flow chart showing recruitment, inclusion, and exclusion of subjects.

https://doi.org/10.1371/journal.pone.0189854.g002

Table 3. Sensitivity and specificity of the Bosch Dr Algorithm.

Bosch DR Algorithm 7-field ETDRS imaging Result Cases

(total: 560)

Positive Positive True positive 186

Negative Positive False negative 18

Negative Negative True negative 345

Positive Negative False positive 11

Sensitivity 91.18% (86.41–94.69), Specificity 96.91% (94.54–98.45), PPV 94.4% (90.42–96.81), NPV

95.0% (92.5–96.75), positive likelihood ratio value 29.51 (16.47; 52.88), negative likelihood ratio value 0.09

(0.06; 0.14). Figures in parentheses represent 95% confidence limits.

https://doi.org/10.1371/journal.pone.0189854.t003
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The Kaggle diabetic retinopathy challenge[35] released a huge publicly available dataset,

wherein several deep learning-based approaches wee proposed to classify different grades of

retinopathy. In our work, we only focus on referral/no referral classification for DR versus

healthy images. The diagnostic accuracy of computer detection of DR was reported by Abram-

off and coworkers,[36] who also provided a detailed clinical study.[37] A detailed survey of DR

detection algorithms from fundus images was presented in a review by Mookiah et al,[38] but

these dealt with lesion detection-based approaches and considered only much smaller public

databases such as DIARETDB1.[39]

Sensitivity and specificity

Non-mydriatic photography is convenient, but sensitivity and specificity have always been a

concern.

The best results are obtained when an ophthalmologist reads the images. Reports show sen-

sitivity rates varying from 78%[40] to 96%[41]. Specificity is typically higher, ranging from

86%[40] to 98%[41]. In a small study of 55 subjects, Vujosevic et al[42] reported a sensitivity of

99%, and a specificity of 100%.

Recognizing that an ophthalmologist is not always available in rural areas,[43] healthcare

personnel have used trained general practitioners to interpret the images. Castro and cowork-

ers[44] reported sensitivity rates of 67% for non-mydriatic examination, but more recent

reports indicate that the sensitivity for diagnosis is between 83–97% when carried out by gen-

eral practitioners, with most publications reporting rates close to 95%.[45, 46]

Over the years, progress has also been made in identifying retinal lesions using algorithms

to diagnose changes in digitized images.[10, 47–49] Abramoff and coworkers[50] evaluated an

algorithm-based system for automated detection of DR in retinal photographs. They achieved

a sensitivity of 0.84, but a low specificity, and concluded that automated detection showed

promise, even if it was not immediately suitable for clinical use. Recently, Besenczi et al,[10]

Schuster et al,[51] and Rahim et al[52] have described the components of automated detection

programs. The software is able to localize the optic disc and the macula, and distinguish the

arteries from the veins.[53] It can detect retinal lesions such as microaneurysms, exudates, and

others. Changes such as papilledema,[54, 55] hemorrhages,[56] neovascularization,[57] and

exudates[58] can be identified, typically with sensitivity rates approaching 80% and overall

accuracy rates greater than 90%.

Putting these programs together, attempts have been made for the automated diagnosis DR

from images. Tufail et al[59] stated that the sensitivity of EyeArt, their automated DR image

assessment systems (ARIAS) was 94.7%, when compared to manual graders. Unfortunately

their program setting appeared to achieve this high sensitivity at the cost of specificity, and the

false-positive rate approached 80%. It was also not clear from their papers[59, 60] whether the

images were consistently non-mydriatic. Bhaskaranand et al[61] reported similar, but slightly

less accurate, results, also using EyeArt. Using mydriasis, Hansen et al,[62] in Kenya, used the

Iowa Detection Program and set an optimum balance between sensitivity and specificity,

achieving rates of 91% and 70% respectively.

There are few studies that have specifically evaluated the role of automated image analysis

of non-mydriatic photography using mydriatic photographs as a standard. Hansen et al,[63]

from Denmark, reported a sensitivity of 90% and a specificity of 85.7% in a small group of 83

subjects, and recommended that automated systems could be used effectively for screening. In

the present study, using the ophthalmologist’s diagnosis from 7-field ETDRS images as the

gold standard, the Bosch DR Algorithm achieved sensitivity, specificity, PPV, and NPV rates

of 91%, 96%, 94%, and 95% respectively. The British Diabetic Association recommends that
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screening programs for DR should reach sensitivity and specificity levels of 80% of higher,[64]

and the Bosch DR Algorithm comfortably surpasses this requirement. Our results compare

favorably with those obtained by other workers, and we consider that this algorithm can be an

effective instrument for screening for DR.

Telemedicine benefits

Despite well-established guidelines for screening, patients often present with DR-related blindness.

The cause is probably inadequate screening,[65] and telemedicine with remote interpretation may

be an important strategy for tackling this problem. Fortunately, DR is a condition that lends itself

easily to the benefits of telemedicine.[66, 67] Studies have repeatedly confirmed the importance of

telemedicine as an important screening tool in different parts of the world,[68–70] and it is more

effective than traditional surveillance.[71] In a country like India, where a third of the rural popu-

lation of the needs to travel over 30 kilometers for access to basic medical treatment,[72] “tele-oph-

thalmology” can be particularly valuable.[73] Non-mydriatic imaging is highly acceptable to

patients.[74] The main problems are those of image inconsistency,[75] which highlights the

importance of any system that can provide quality images with a low rate of unreadable pictures.

Strengths and weaknesses

This study compares non-mydriatic imaging with an acceptable gold standard. We consider

that our other strength is in the large number of subjects, which should provide valid measures

of accuracy using this technology.

In our study, a subject was considered for analysis if even one eye had yielded an adequately

clear image. In some of the eyes diagnosed as normal, the other eye may well have had evi-

dence of early DR. Further, while the study notes the findings of DR, it would be useful to

know how accurate this software is for individual lesions, such as exudates, microaneurysms,

and macular edema.
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CASE REPORT

Abstract:

Eccrine spiradenoma is an uncommon benign 

adnexal tumour of apocrine differentiation. It is 

commonly seen in young adults with no sex 

predilection on upper ventral aspect of body as a 

solitary papule or nodule. Here we are reporting a 

rare case of Multiple Eccrine Spiradenoma (MES) 

in a 29 year male patient, who presented with 

multiple nodules on the anterior chest wall.

Keywords: Benign, Adnexal, Nodule

Introduction: 

Eccrine spiradenoma is a benign adenexal tumour 

with eccrine differentiation. According to the 

recent concept this dermal tumour is considered to 

originate from cells which show apocrine and 

thiecoepitheliomatous differentiation that is 

folliculosebaceous apocrine complex hair follicle 

differentiation [1, 2]. Most of spiradenomas arise in 

15-35 years of age group with equal sex 

distribution [1-3]. These lesions usually occur on 

anterior aspect of upper half of the body as a 
 solitary grey, pink to bluish nodules.Presentation of 

spiradenoma as a multiple nodule is rare [4]. To the 

best of our knowledge only few cases of multiple 

spiradenomas have been reported in literature. 

Although the exact etiology of these benign lesions 

is not known, however some authors opine that 

these tumours develop from defect in the tumour 

suppressor gene. Spiradenoma of Brooke-Spiegler 

Syndrome (BSS) is associated with mutation in 

gene CYLD1 located on chromosome 16 at 

position 12.1 [1-3]. Malignant transformation and 
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metastasis to distant organs of eccrine spiradenoma 

is very rare [4]. Due to rarity of multiple eccrine 

spiradenoma in a linear distribution, we present 

this case for awareness of unusual clinical 

presentation and review of literature.

Case Report:

A 29 year old male patient presented with multiple 

swellings over anterior chest wall since four years 

which were gradually progressing and associated 

with mild pain. There was no significant co 

morbid illness, past history and family history. On 

examination these swellings were multiple papulo 

nodular, soft in consistency, non tender and 

varying in sizes from 0.5 to 1 cm. 

Surgically excised mass was sent for histopatho-

logical examination. Specimen showed single skin 

covered fibro fatty tissue mass measuring 5 x 1.5 x 

1 cm with skin flap measuring 5 x 1.5 cm. Fibro 

fatty tissue showed five nodules of varying sizes, 

larger measuring 1 x 1 cm, and smaller measuring 

0.5 x 0.5 cm. Cut section of nodule were pale 

yellow, homogenous (Fig. 1).

Multiple sections studied showed structure of skin 

comprised of epidermis and dermis. Epidermis 

appeared unremarkable. Dermis showed multiple 

well circumscribed encapsulated tumour nodules 

which were not connected to the epidermis (Fig. 

2). Within the nodule, tumour cells were arranged 

in nests, cords and sheets. Two types of cells were 

noted, peripheral cells were round to polygonal 

with round to oval condensed nucleus and scant 
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eosinophilic cytoplasm. Centrally arranged cells 

were larger round to oval with round to oval 

vesicular nucleus with prominent nucleoli and 

scant to moderate amount of eosinophilic 

cytoplasm. At foci, cystically dilated spaces filled 

with eosinophilic proteinaceous material were 

seen. Also seen many scattered lymphocytes 

throughout the lesion (Fig. 3). Based on these 

histological features diagnosis of benign adnexal 

tumour–multiple eccrine spiradenoma was 

rendered.

Discussion:
ndEccrine spiradenoma classically presents in 2  to 

rd
3  decade of life usually occurs on trunk and 

extremities with soft to firm, round to ovoid 

shaped, blue-red dermal or subcutaneous nodules 
 

ranging from 0.5 to 5cms in diameter. These 

eccrine spiradenoma can occur as a single or 

multiple lesions. In some cases these multiple 

lesions present in a linear or zosteriform 
 distribution [5-7]. To the best of our knowledge 

only few cases of multiple spiradenomas have 

been reported in literature. In present case nodules 

were of varying size from 0.5 to 1cm and 

presentation was in linear distribution. 

Exact etiology of eccrine spiradenoma still 

remains controversial. The literature shows, MES 

is due to an abnormal clone of multipotent stem 

cells of the folliculosebaceous apocrine unit arises 

during embryogenesis, subsequently producing 

proliferation of abnormal cells resulting in nodule 

formation and possible malignant transformation. 

In our case, one year of follow up examination 

showed no evidence of recurrence. 

BSS is an uncommon autosomal dominant 

disorder, which is characterized by multiple 

adnexal neoplasms specially trichoepitheliomas, 
 

cylindromas and spiradenomas [5]. It is caused by 

mutations in CYLD1 gene on chromosome 

16q12q13. However, mutations in CYCD gene 

are also found in familial cylindromas and 

familial trichoepithelioma. When patient presents 

with multiple adnexal neoplasm histopathology 

play an important role in distinguishing between 

BSS, familial cylindroma, MFT [3-5]. 

The eccrine spiradenoma shows many characteri-

stics histopathological features which include 

sharply circumscribed basophilic nodules in 

dermis surrounded by fibrous capsule. Basaloid 

cells composed of two distinct morphologies, 

Anita P. Javalgi et al.JKIMSU, Vol. 6, No. 2, April-June 2017 

Fig.1: Skin Covered Fibrofatty Tissue with 
Varying Sized Nodules

Fig. 2: Photomicrograph Shows Epidermis 
and Dermis. Dermis Showed Two Well 
Circumscribed Encapsulated Tumour 
Nodules Which Were Not Connected to 
the Epidermis. (H&E 100X)

Fig. 3: Microphotograph shows Two Distinct 
Types of Cells. (H&E 400X)
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small cell type with condensed dark nucleus 

located at the periphery of the nodules and 

centrally arranged large cells with vesicular 

nucleus with prominent nucleolus with scant 

cytoplasm and intervening tissue shows 

lymphocytic infiltration throughout the nodule [2, 

3, 6-8]. In our case multiple nodules in linear 

distribution were present on the anterior chest 

wall and also displayed all these distinctive 

histological features with two types of cells in the 

tumour nodule and scant lymphocytic infiltrate in 

the intervening stroma. 

Eccrine spiradenoma may be easily mistaken for 

cylindroma. The diagnosis can be easily done 

histologically. As a general rule, cylindroma tend to 

present on head and neck and not painful. However, 

eccrine spiradenomas present on trunk and 

extremities are generally painful. Histologically, 

cylindroma is differentiated by presence of 

basaloid cells arranged in islands, like a jigsaw 

puzzle and PAS positive densely eosinophilic 

material around tumour islands and absence of 

scattered lymphocytes which are often present in 

eccrine Spiradenoma [3, 5, 7]. 

The literature revealed that immuno histo-

chemical staining of these eccrine spiradenoma 

shows positive immunoreactions for cytokeratin 
 and S100 [3, 5-7].

Conclusion:

Eccrine spiradenoma is a dermal tumour of sweat 

gland; etiology is genetic which requires further 

investigations. Diagnosis is of paramount 

importance because of potential malignant 

transformation, particularly in the case of 

multiple, symptomatic and in long standing cases. 

Hence, follow up of these patients presenting with 

eccrine spiradenoma should be done. The correct 

diagnosis can be achieved with histological 

criteria when combined with pertinent clinical 

information.
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ABSTRACT

Background: In an obese individual, weighing 140 kg more than 50% of body weight is represented by adipose tissue. 
Aims and Objective: The aim is to study correlation of body mass index (BMI) and flow rates (forced expiratory flow 
25-75% [FEF 25-75%], FEF 75%, peek expiratory flow [PEF], and maximum voluntary ventilation [MVV]) of pulmonary 
function test in controls and patients. Materials and Methods: The study was conducted in the Department of Physiology, 
SDM College of Medical Sciences and Hospital, Dharwad. A total of 150 male students in the age group of 15-24 years of 
the college formed the individuals of the study. Results: FEF 25-75%: The mean (±SD) FEF 25-75% at rest in overweight 
group was 3.76 ± 0.88 L/s, in obese group was 3.75 ± 1.08 L/s, and in controls was 1.66 ± 0.85 L/s (P > 0.05). FEF 
75%: The mean (±SD) FEF 75% at rest in overweight group was 1.70 ± 0.58 L/s, in obese group was 1.79 ± 0.74 L/s, 
and in controls was 2.11 ± 0.94 L/s. It is significantly less in overweight group compared to control group. PEF: The 
mean (±SD) PEF at rest in overweight group was 8.48 ± 0.89 L/s, in obese group was 8.04 ± 1.72 L/s, and in controls 
was 8.60 ± 1.18 L/s (P > 0.05). MVV: The mean (±SD) MVV at rest in overweight group was 145.62 ± 12.65 L/min, in 
obese group was 137.06 ± 33.96 L/min, and in controls was 151.41 ± 26.07 L/min. It is significantly less in obese group 
compared to control group. Conclusion: Correlation of BMI with PFT shows a significant negative correlation of BMI 
with flow rates (FEF 25-75%, FEF 75%, PEF, and MVV) of the pulmonary function test.

KEY WORDS: Forced Expiratory Flow at 25-75%, Forced Expiratory Flow at 75% of FVC, Peak Expiratory Flow, 
Maximal Voluntary Ventilation

INTRODUCTION

Physiologic system, orchestrated through endocrine and 
neural pathways, permits humans to survive starvation for 
as long as several months.[1] However, in the presence of 
nutritional abundance and a sedentary lifestyle and influenced 
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importantly by genetic endowment, this system increases 
adipose energy stores resulting in obesity that produces 
adverse health consequences.[2] Adipose tissue accounts for 
about 20% of the total body weight of a normal young adult, 
about 15 kg in the average person.

The WHO consultation on obesity, Geneva interim report 
on “obesity-preventing and -managing the global epidemic 
1997”: Has recognized that overweight and obesity represent 
a rapidly growing threat to the health of population worldwide. 
It recognized obesity as a disease, which is prevalent in both 
developing and developed countries and affects children and 
adults alike. Indeed obesity and overweight are so common 
that they are replacing the more traditional public health 
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concern such as undernutrition and infectious diseases as 
some of most significant contribute to ill health.

There are different measures to assess obesity. One of the 
most commonly used is body mass index (BMI) which is a 
measure of general obesity.[3] Indices used to measure regional 
and central obesity are subscapular skinfold thickness, waist 
circumference and abdominal sagittal diameter and ratios 
such as Waist-Hip ratio. These have been considered as better 
and more sensitive than BMI.[4]

On the other end of the spectrum, purely mechanical 
consequences of obesity including various forms of 
hypoventilation syndrome and dramatic reduction in various 
lung volumes have also been established.[5] Hence, the 
present study is taken up to study correlation of BMI and flow 
rates (forced expiratory flow 25-75% [FEF 25-75%], FEF 
75%, peak expiratory flow [PEF], and maximal voluntary 
ventilation [MVV]) of pulmonary function test in controls 
and patients.

MATERIALS AND METHODS

The study was conducted under the auspices of the laboratory 
setup of the Department of Physiology, SDM College of 
Medical Sciences and Hospital, Dharwad. A total of 150 male 
students in the age group 15-24 years of the college formed 
the individuals of the study with applying exclusion criteria, 
i.e., those with history of smoking or atopy, asthma, BMI <18.5 
or >29.9, history or family history of asthma, congenital 
cardiopulmonary disease, and age <15 or >25 years

These individuals were divided into three groups based on 
BMI as follows:
•	 Group-I	(controls):	50	controls	BMI	18.5-22.9	(age	and	

sex matched)
•	 Group-II	(overweight):	50	students	with	BMI	23-24.9
• Group-III (obese): 50 students with BMI 25-29.9.

Method of Data Collection

Identification data name, age, sex, and address were 
recorded. Age was calculated in years to the nearest 
birthday. Height and weight of each individual were 
recorded. BMI was calculated using the formula: 
BMI = Weight in Kg/[Height in m]2

•	 A	 detailed	 clinical	 examination	 of	 respiratory,	
cardiovascular, and central nervous systems was done.

•	 Lung	function	tests	were	recorded	using	Spirovit	SP-1.

Spirovit SP-1

The instrument used in this study was Spirovit SP-1 
manufactured by Schiller. It’s a type of flow sensing 
Spirometer. This is a low-cost high-performance instrument 
capable of giving highly accurate and repeatable test results 
and represents the major advancement in computerized 

pulmonary function testing. It is the best instrument for routine 
screening of large number of the patient. The following Lung 
Function parameters are provided by the Spirovit SP1: FEF 
25-75%, FEF at 75% of FVC, peak expiratory flow (PEF) 
and maximal voluntary ventilation (MVV).

Procedure

All maneuvers were performed in sitting position and at 
rest with the nose clip in place. The individual was asked to 
loosen tight clothing, if any. Each student was taught about 
the various maneuvers to be performed for about 5 min. 
Demonstration was also given. Every individual was given 
ample time to understand carefully and then was allowed to 
do some practice blows. Sufficient rest was provided between 
the procedures.

Statistical Analysis

Compares mean values of more than two groups and 
correlation analysis were employed in the present study using 
SPSS version 20 ANOVA.

RESULTS

The mean (±SD) height in overweight group was 
170 ± 6.1 cm, in obese group was 168 ± 6.1 cm, and in 
controls was 170 ± 7.2 cm. There was no statistically 
significant difference between any of the groups. The mean 
(±SD) weight in overweight group was 69.44 ± 4.35 kg, in 
obese group was 75.72 ± 8.11 kg, and in controls was 60.80 
± 4.84 kg. As BMI is the basis of division in all three groups, 
they have significantly increasing weight with increasing 
BMI (Table 1).

BMI

The mean (±SD) BMI in overweight group was 23.94 ± 
0.55 kg/m2, in obese group was 26.81 ± 1.45 kg/m2 and in 
controls was 21.04 ± 1.26 kg/m2. As BMI is the basis of 
division, hence all three groups have significantly different 
BMI.

Flow Rates

Flow rates of controls, overweight, and obese groups are 
shown in Table 2.

FEF 25-75%: The mean (±SD) FEF 25-75% at rest in 
overweight group was 3.76 ± 0.88 L/s, in obese group was 
3.75 ± 1.08 L/s, and in controls was 1.66 ± 0.85 L/s. There 
was no statistically significant difference between any of the 
three groups.

FEF 75%

The mean (±SD) FEF 75% at rest in overweight group was 
1.70 ± 0.58 L/s, in obese group was 1.79 ± 0.74 L/s, and 
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in controls was 2.11 ± 0.94 L/s. It is significantly less in 
overweight group compared to control group.

PEF

The mean (±SD) PEF at rest in overweight group was 8.48 ± 
0.89 L/s, in obese group was 8.04 ± 1.72 L/s, and in controls 
was 8.60 ± 1.18 L/s. There was no statistically significant 
difference between any of the three groups.

MVV

The mean (±SD) MVV at rest in overweight group 
was 145.62 ± 12.65 L/min, in obese group was 137.06 
± 33.96 L/min, and in controls was 151.41 ± 26.07 L/min. 
It is significantly less in obese group compared to control 
group.

Correlation of BMI with PFT

There is a significant negative correlation of BMI with FEF 
25-75%	(r	=	−0.111),	FEF	75%	(r	=	−0.143),	PEF	(r	=	−0.139),	
and	MVV(r	=	−0.196)	(Table	3).

DISCUSSION

There are very less data on correlation of BMI with PFT, 
using the new WHO classification of BMI proposed in 2000, 
specific for Asians.[6] We have tried to look for this relation 
according to this new BMI classification for Asians. Our 
results confirm the findings of many others who have shown 
that lung volumes decrease as body weight increases.

FEF 75%

The mean (±SD) FEF 75% at rest in overweight group was 
1.70 ± 0.58 L/s, in obese group was 1.79 ± 0.74 L/s, and 
in controls was 2.11 ± 0.94 L/s. It is significantly less in 
overweight group compared to control group. Martinez et al.[7] 
showed similar decrease in FEF 75-85% in obese people in 
their study. Jackson et al.[8] and Sahebjami and Gartside[9] 
showed decrease in FEF 75% in obese people in their study. 
Low PEF and FEF 75% and FEF 75-85% values which are 
flow rates at high lung volumes indicate that probably the 
smaller airways are also affected in the pathology caused 
by excess fat deposition in the abdomen and in the chest 
cavities, the exact mechanism may be related to small airway 
collapse due to decreased lung volumes with increasing 
obesity or it may be independent. This is the reason why 
obese people are at increased risk of respiratory symptoms, 
such as breathlessness, particularly during exercise, even if 
they have no obvious respiratory illness.[10,11]

MVV

The mean (±SD) MVV at rest in overweight group was 
145.62 ± 12.65 L/min, in obese group was 137.06 ± 33.96 L/min, 
and in controls was 151.41 ± 26.07 L/min. It is significantly 

Table 1: Height, weight and BMI controls, overweight, and obese groups
Parameter Mean±SD P value Significance

Control (n=50) Overweight (n=50) Obese (n=50)
Height (cm) 170±7.2 170±6.1 168±6.1 0.121 NS
Weight (kg) 60.80±4.84 69.44±4.35■ 75.72±8.11▲☻ 0.000 S
BMI (kg/m2) 21.04±1.26 23.94±0.55■ 26.81±1.45▲☻ 0.000 S

■:	Significantly	different	between	control	and	overweight	groups.	▲:	Significantly	different	between	control	and	obese	
groups.	☻:	Significantly	different	between	overweight	and	obese	groups.	SD:	Standard	deviation,	BMI:	Body	mass	index,	FEF:	Forced	
expiratory flow, PEF: Peek expiratory flow, MVV: Maximum voluntary ventilation

Table 2: Flow rates of controls, overweight, and obese groups
Parameters Mean±SD P value Significance

Control (n=50) Overweight (n=50) Obese (n=50)
FEF 25-75% (L/s) 4.16±0.99 3.76±0.88 3.75±1.08 0.067 NS
FEF 75% (L/s) 2.11±0.94 1.70±0.58■ 1.79±0.74 0.020 S
PEF (L/s) 8.60±1.18 8.48±0.89 8.04±1.72 0.088 NS
MVV (L/min) 151.41±26.07 145.62±12.65 137.06±33.96▲ 0.022 S

■:	Significantly	different	between	control	and	overweight	groups.	▲:	Significantly	different	between	control	and	obese	groups.	SD:	Standard	
deviation, FEF: Forced expiratory flow, PEF: Peek expiratory flow, MVV: Maximum voluntary ventilation

Table 3: Correlation of BMI and flow rates [FEF 25-75%, 
FEF 75%, PEF, MVV]

Parameters r value P value
FEF 25-75% (L/s) −0.111 0.177
FEF 75% (L/s) −0.143 0.080
PEF (L/s) −0.139 0.089
MVV (L/min) −0.196 0.016*

SD: Standard deviation, FEF: Forced expiratory flow, PEF: Peek 
expiratory flow, MVV: Maximum voluntary ventilation. *P<0.05
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less in obese group compared to control group. The MVV test 
evaluates the respiratory endurance and is influenced by the 
respiratory muscle strength, the lung and chest compliance, 
and the control of breathing and airway resistance.[12,13] In 
the case of obese individuals, this variable is reduced mainly 
by mechanical injury to the respiratory muscles, caused in 
particular by the excessive weight on the thorax.[14]

Studies done by De Lorenzo[15] and Sahebjami[9] have 
also shown similar results. Due to an obese individual’s 
respiratory muscles should work constantly against a less 
compliant chest wall and higher airway resistance, it would 
be expected that they could generate increased pressures. 
Kelly et al.[16] examined the maximum inspiratory and 
expiratory pressures at different lung volumes in 45 morbidly 
obese patients, who on an average weighed 183% of their 
predicted weights. These were compared with the pressures 
of 25 nonobese age-matched individuals. At all lung volumes, 
the pressures generated by the obese patients were lower than 
those of the nonobese patients, despite heightened demands 
for diaphragmatic work. It is estimated that the MVV, a 
measurement of respiratory muscle endurance, is reduced 
by 20% in healthy obese individuals.[17,18] This may result 
from diaphragm dysfunction due to increased abdominal 
and visceral adipose tissue deposition. It has been suggested 
that the additional load causes a length-tension disadvantage 
for the diaphragm due to fiber overstretching, which is 
particularly worse while the individual is supine.[11] There is 
a significant negative correlation of BMI with FEF 75-85% 
(−0.173)	and	MVV(−0.196).

BMI: The mean (±SD) BMI in overweight group was 
23.94 ± 0.55 kg/m2, in obese group was 26.81 ± 1.45 kg/m2, 
and in controls was 21.04 ± 1.26 kg/m2. As BMI is the basis of 
division of all three groups, they have significantly different 
BMI.

FEF 25-75%: The mean (±SD) FEF 25-75% at rest in 
overweight group was 3.76 ± 0.88 L/s, in obese group was 
3.75 ± 1.08 L/s, and in controls was 1.66 ± 0.85 L/s. There 
was no statistically significant difference between any of the 
three groups.

CONCLUSION

Correlation of BMI with PFT shows a significant negative 
correlation of BMI with flow rates [FEF 25-75%, FEF 75%, 
PEF, and MVV] of the pulmonary function test.
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ABSTRACT 

Objective: Bisphosphonates are used for treating osteoporosis. Few studies have reported their effect on alterations in comorbid behaviour such as depression. Therefore, present study was performed to investigate the effects of bisphosphonate drugs on depression in adult male Wister rats and Swiss albino mice. 
Methods: The study was conducted on adult male Wister rats and Swiss albino mice, 36 of each type, equally divided into six groups. One group was classified as control group and the rest were treated as test groups. Initial photoperiod of 12 h was provided for acclimatization, prior to the start of the experiment. Drug administration was not performed in control group. Forced swimming test and tail suspension test were performed to investigate the antidepressant activity. Locomotor activity was performed to evaluate the action of drugs on the nervous system. Effects of the test drugs were compared with a standard drug-amitriptyline. Results were statistically evaluated by one-way analysis of variance followed by Bonferroni’s multiple comparison test. P≤0.05 was considered significant. 
Results: In forced swimming test, duration of immobility was significantly reduced in the standard and test drugs when compared to control group; however, it was not significant in all the four test groups as compared to that of amitriptyline-administered group (p>0.05). In tail suspension test, significant decrease (p<0.01) in the duration of immobility was observed with administration of drugs when compared to control group. Results of test groups were not found to be significant as compared to amitriptyline-treated group (p>0.05). Mean values of amitriptyline-, alendronate-, risedronate-, ibandronate-and etidronate-treated groups failed to show significant difference (p>0.05) when compared to control group suggesting homogeneity among the groups. 
Conclusion: Bisphosphonates appeared to have an antidepressant activity. More extensive research is required to substantiate and elucidate the role of bisphosphonates in behavioural disorders such as depression. 
Keywords: Bisphosphonates, Depression, Amitriptyline © 2017 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/) DOI: http://dx.doi.org/10.22159/ijpps.2017v9i8.18829  
INTRODUCTION Depression, a mental disorder, is often associated with receding bone mineral density (BMD). It has been reported that antidepressants, particularly in the aged population, are a cause of low bone strength and fractures [1, 2]. In addition, the antidepressants that target the serotonin system have been found to be detrimental for bone health and cause osteoporosis [3]. A relationship between depression and osteoporosis has become more evident over the years, as decreased BMD has been observed in depressed women and men. Compared to older women, aged men appear to be more susceptible to the effects of depression on BMD [4]. It has also been observed that depressed men have lower bone mass than non-depressed men [5]. Studies on animals have also suggested that depression may predispose to osteoporosis. Recent long-term studies have also shown an association between menopausal status with higher risk of depression and osteoporosis [6]. The positive effects of bisphosphonates, including improvement in anxiety or depression [7], are an area of research in the recent years. A study conducted by Kastelan et al. revealed that ibandronate treatment lead to significant improvement in mobility and the condition of depression [8]. Alendronate, on the other hand, significantly decreased the duration of immobility and increased the motor activity and thus can be assumed to play a role in reducing the symptoms of depression [9]. The application of bisphosphonates, especially risedronate, ibandronate and etidronate in the treatment of depression along with osteoporosis is limited. In addition, only few studies are available with respect to evaluation of alendronate in the treatment 

of depression [10]. Therefore, the present study was undertaken to evaluate the effects of bisphosphonates, such as alendronate, risedronate, ibandronate and etidronate on depression in adult male Wister rats and Swiss albino mice  
MATERIALS AND METHODS 

Test animals Adult male Wistar rats weighing 175±25 g and adult male Swiss albino mice weighing 25±5 g, housed under standard laboratory conditions, were obtained from the central animal house of J. N. Medical College, Belagavi. They were acclimatized to a photoperiod of 12 h for 10 d prior to the day of experimentation. Animals were provided feed (standard chow pellet) and water ad libitum. On experimental days, they were sustained on water, as the test drugs had poor intestinal absorption, especially in the presence of food [11]. Wistar rats and Swiss albino mice (36 of each type) were used for experimental purpose. The study was approved by Indian Animal Ethics Committee (IAEC) as per the guidelines of Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA). 
Chemicals Antidepressant amitriptyline was procured from Merind Ltd. (Wockhardt Ltd.). The test antidepressants—alendronate and risedronate were obtained from Cipla Ltd., ibandronate and etidronate were procured from Sun Pharmaceuticals Ltd., and Vardhaman Health Specialities, Bangalore, respectively.  
Dosage The Wister rats and Swiss albino mice (36 each) were divided into six groups where one group was designated as control group and the 
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in the body, they have also been found to reduce hypercalcaemia and hyperparathyroidism, although at different doses [30]. Although, few reports suggest that bisphosphonates, such as alendronate or risedronate, have adverse effects on primary hyperparathyroidism patients such as increase in the level of parathyroid hormone [31]. Although bisphosphonates are among the first choice of drugs for the treatment of bone disorders such as osteoporosis, they have also been found to cause several adverse effects [32]. Most important long-term side effects of this class of drug are osteonecrosis of the jaw, atrial fibrillation, renal failure, nephrotic syndrome, femoral fractures and severe suppression of bone turnover. Other most commonly reported short-term side effects include severe musculoskeletal pain, hypocalcaemia, oesophageal cancer, electrolyte imbalance and ocular inflammation [33, 34]. Even though several studies have stated these effects, there are the reports arguing against any definite link between the side effects and bisphosphonates. Some of the conditions may be due to long-term accumulation of the drugs in the body or some predisposing condition, such as chronic kidney disease present in the patient administered with bisphosphonates [35]. In cases of drug accumulation, patients are often put on ‘drug holiday’ in which the bisphosphonate therapy is stopped for a period of time [36]. Trials conducted also indicate that the risk of fractures is low even in women when bisphosphonates were administered for more than 10 y [37]. 
CONCLUSION Bisphosphonates, such as alendronate, risedronate, ibandronate and etidronate have shown significant decrease in the duration of immobility as compared to the standard antidepressant drug—amitriptyline. However, further studies including the evaluation of their effect on biochemical profiles and stress levels are required to establish their role as antidepressant drugs. 
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ABSTRACT
Background and objectives: Ferric carboxymaltose (FCM) has 
been recently introduced for the treatment of anemia. The present 
study was planned to compare the efficacy, tolerability, and safety 
of intravenous FCM with intravenous iron sucrose (IS) in the 
treatment of iron deficiency anemia among pregnant women.

Design: An open-labeled randomized controlled trial.

Setting: A teaching hospital: Jawaharlal Nehru Medical College, 
Belgaum, India.

Materials and methods: The present 1 year randomized control 
trial was done from January 2013 to July 2014 in the Department 
of Obstetrics and Gynecology, KLES Dr Prabhakar Kore Hos-
pital & Medical Research Centre, Belgaum, Karnataka, India. A 
total of 305 pregnant women were randomized into two groups 
comprising 158 in group C (received iron carboxymaltose transfu-
sion) and 147 in group S (received IS transfusion). The outcome 
data were available among 153 in group C and 139 in group S.

Main outcome measures: The mean increase in hemoglobin 
levels posttreatment were significantly high in group C (2.27 ± 
0.39 gm%) compared with group S (2.17 ± 0.39 gm%) (p = 0.023).

Results: In the present study, the commonest age group was 
26 to 30 years in group C comprising 40.52% compared with 21 
to 25 years in group S with 38.85% of the women (p = 0.312), 
and the mean age of the study population in group C and S was 
comparable (25.33 ± 3.53 vs 24.85 ± 4.18 years; p = 0.082) The 
sociodemographic characteristics, obstetric history, vitals, and 
pretreatment hemoglobin were comparable in both the groups 
(p>0.050). The posttreatment hemoglobin levels in 54.9% of 
the women were found to be 11 or more in group C compared 
with 56.12% in group S (p = 0.614), and mean posttreatment 
hemoglobin levels were comparable in group C and group S 
(11.59 ± 7.72 vs 11.02 ± 0.75 gm%; p = 0.358). Significantly higher 
number of women in group C had increase in hemoglobin levels 
between 2.0 and 2.5 gm% (56.86%) and the mean increase in 
hemoglobin levels posttreatment was significantly high in group 
C (2.27 ± 0.39 gm%) (p < 0.050). Also, the mean percentage 
change in hemoglobin levels posttreatment was significantly high 
in group C (26.54 ± 5.98%) (p = 0.029). The side effects were 

comparable in group C and S (p = 0.536), but significantly higher 
number of women had pyrexia in group C (8.5%) (p = 0.041).

Conclusion and interpretation: Intravenous iron carboxy-
maltose is more effective in the treatment of iron deficiency 
anemia among pregnant women compared with intravenous IS 
with the added advantage of a very short duration of treatment. 
Further, it is well tolerated in pregnant women as side effects 
are comparable to that of IS except pyrexia.

Keywords: Anemia in pregnancy, Intravenous iron sucrose, 
Iron carboxymaltose, Iron deficiency anemia.
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INTRODUCTION

Anemia during pregnancy is a frequently encountered 
problem all over the world, especially in the developing 
countries.1 The most common cause of anemia in pregnancy 
is iron deficiency.2 Iron deficiency anemia is accompanied 
by depleted iron stores and signs of a compromised supply 
of iron to the tissues.3 The incidence of iron deficiency 
anemia is high in developing countries,4,5 mainly because 
of multiple pregnancies and closely spaced pregnancies 
due to poor awareness of the global burden.

Oral iron is the usual preferred route of therapy, since 
it is noninvasive and easy to administer. It has its own 
limitation as it requires good patient compliance and is 
associated with adverse gastrointestinal side effects. These 
limitations of oral preparation lead to high variability in 
patient compliance and response to treatment. Parenteral 
iron therapy is recommended in patients with poor 
compliance, intolerance to oral iron preparations, cases of 
documented malabsorption, and severe anemia. An ideal 
parenteral preparation should be able to deliver sufficient 
amount of iron without any adverse effects and should 
be free from antibody producing compounds.
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Iron sucrose (IS) has been used widely for treatment 
of iron deficiency in pregnant women in 2nd and 
3rd trimester. However, its use is limited by the low 
maximum dosage due to local and systemic side effects 
in higher doses.6 In order to avoid these adverse effects, 
the drug has to be administered in multiple infusions 
of lower doses less than 200 mg/day. Hence it increases 
the number of days of admission in the hospital and it 
becomes an extra burden on the hospital resources.

In view of the limitations of IS, a newer compound 
ferric carboxymaltose (FCM) is available for the treatment 
of iron deficiency anemia. It comprises a macromolecular 
iron-hydroxide complex of polynuclear iron hydroxide 
tightly bound in a carbohydrate shell. This new complex 
has a molecular weight of 150,000 Daltons. This design 
allows for a controlled delivery of iron within the cells 
of reticulo-endothelial system and hence subsequent 
delivery to the iron-binding proteins, with a minimal 
risk of release of large amounts of ionic iron in the serum. 
This iron preparation can be used intravenously in high 
doses with up to 1000 mg infused in 1 to 5 minutes with 
low risk of side effects. Its use is approved in the 2nd and 
3rd trimesters of pregnancy.7 However, there is limited 
evidence of randomized trials concerning the clinical 
use of FCM in pregnant women. The aim of our study 
is, therefore, to compare intravenous (i.v.) FCM with i.v. 
IS during pregnancy regarding the efficacy, tolerability, 
and safety profile.

MATERIAlS AnD METHoDS

The present study was conducted in the Department 
of Obstetrics and Gynecology, KLES Dr. Prabhakar 
Kore Hospital and Medical Research Centre, Belgaum, 
Karnataka, India during the period of January 2013 to 
December 2013. The study design was open-labeled 
randomized controlled trial with the study conducted 
from January 2013 to July 2014.

A sample size of 305 pregnant women was included 
in the study. The levels of rise of hemoglobin mentioned 
in the prior study8 were used to calculate the minimum 
sample size of 230. However, a total of 305 patients 
fulfilled the selection criteria. The inclusion criteria were 
pregnant women whose hemoglobin is in the range of 7 to 
11 gm/dL and women between 16 and 35 weeks period 
of gestation, while the exclusion criteria were women 
not willing to participate, other causes of anemia, serious 
medical complications, and women who have a history 
or known allergic to parenteral iron infusion.

The study was approved by the Institutional Ethics 
Committee of Jawaharlal Nehru Medical College, 
Belgaum. Pregnant women fulfilling the selection criteria 
were briefed about the nature of the study and details 

of the treatment, and a written informed consent was 
obtained.

Demographic data, like age, education, qualification, 
socioeconomic status, were obtained and recorded on 
predesigned and pretested performa. Patients were 
interviewed for obstetric history. The study investigators 
examined the participants for their general health 
and obstetric parameters. The weight, height of the 
participants was recorded using standard methodology. 
A baseline hemoglobin was measured and the total 
required dose of iron was calculated using the formula: 
Deficit = (11-Hemoglobin of the patient) × 2.4 × Weight 
+ 500 (storage). Randomization was done by computer-
generated random numbers assigning the patients to 
either group S (IS) or group C (FCM).

Group S – Iron sucrose: Iron sucrose was given in a 
dose of 200 mg intravenously in 200 mL normal saline 
over a period of 15 to 20 minutes on alternate days until 
the required total dose was administered, not exceeding 
the maximum dose of 1000 mg/week.

Group C – Ferric carboxymaltose: Ferric carboxymaltose 
was given as per the total required dose of 100 to 200 mg 
in 50 mL NS, 200 to 500 mg in 100 mL NS over 6 minutes 
duration, and 500 to 1000 mg in 250 mL NS over 15 min-
utes duration, not exceeding the maximum dose of 1000 
mg/day/week.

All the doses were given in the ward where equipment 
for cardiopulmonary resuscitation was available. Patients 
were observed for side effects or anaphylactic reactions. 
Any minor or major side effects were documented. He-
moglobin test was repeated at the end of 4 weeks interval.

The participants were observed during transfusion 
for any adverse reaction immediate or late. They were 
followed up after 4 weeks, for hemoglobin estimation to 
note the rise in hemoglobin values.

The categorical data was expressed in terms of 
frequencies and percentages, while continuous data 
was expressed as mean ± standard deviation (SD). The 
two groups were compared using chi-square test for 
categorical data and independent sample t test was used 
to compare the means of different parameters. A p value 
of less than or equal to 0.05 was considered as statistically 
significant.

RESULTS

A total of 305 patients were included in the study and ran-
domized to group C (n = 158) who received iron carboxy-
maltose transfusion and group S (n = 147) who received IS 
transfusion. Of the 158 women included in group C, five 
were lost to follow-up and in group S, of the 147 women, 
seven lost to follow-up while one woman delivered. Hence 
the outcome data was available for 153 women in group 
C and 139 women in group S (Flow Chart 1).
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In the present study, the commonest age group was 26 
to 30 years in group C comprising 40.52% compared with 21 
to 25 years in group S, with 38.85% of the women (p = 0.312)  
and the mean age of the study population in group C and S 
was comparable (25.33 ± 3.53 vs 24.85 ± 4.18 years; p = 0.082). 
The other sociodemographic characteristics of the study 
population, including occupation (p = 0.303), educational 
status (p = 0.059), socioeconomic status (p = 0.253),  
were comparable (Table 1). Further, the obstetric history 
including parity (p = 0.078), gestational age at enrolment 
(p = 0.182), mean period of gestation (p = 0.706), body 
mass index (p = 0.747), mean body mass index (p = 0.464) 

were also comparable. On examination, vitals including 
pulse rate and blood pressure did not differ in both the 
groups (p > 0.050).

The pretreatment hemoglobin levels were between 7.0 
and 9.9 in group C among 93.46% women compared with 
92.81% in group S (p = 0.824). The posttreatment hemoglo-
bin levels in 54.9% of the women were found to be 11 gm% 
or more in group C compared with 56.12% in group S  
(p = 0.614), and the mean posttreatment hemoglobin levels 
were comparable in group C and group S (11.59 ± 7.72 vs 
11.02 ± 0.75 gm%; p = 0.358). However, significantly higher 
number of women in group C had increase in hemoglobin 
levels between 2.0 and 2.5 gm% (56.86%) compared with 
group S (48.82%) (p = 0.047) (Table 2). The mean increase 
in hemoglobin levels posttreatment was significantly high 
in group C (2.27 ± 0.39 gm%) compared with group S  
(2.17 ± 0.39 gm%) (p = 0.023) (Table 3). In group C, 75.16% 
of the women were found to have increase in hemoglobin 
percentage between 15 and 30% compared with 85.61% 
in group S (p = 0.076), and the mean percentage change  
in hemoglobin levels posttreatment was significantly  
high in group C (26.54 ± 5.98%) compared with group S 
(24.99 ± 6.06%) (p = 0.029).

The side effects were noted in 36.64% of the women 
in group C and 38.13% in group S (p = 0.536) (Table 4). It 
was observed that significantly higher number of women 
had pyrexia in group C (8.5%) compared with group S 
(2.88%) (p = 0.041). Some of the patients had more than 
one side effect with commonest combination of pyrexia 
with nausea and headache.

Flow Chart 1: Consortium diagram 

Table 1: Characteristics of the women

Iron carboxymaltose (n = 153) Iron sucrose (n = 139)
Mean ± SD or % n for % Mean ± SD or % n for %

Mean age (years) 25.33 ± 3.53 24.85 ± 4.18
  Illiterate 13.73 21 5.76 8
  Read and write 48.37 74 46.04 64
Period of gestation (weeks) 30.61 ± 4.05 30.77 ± 3.28
  Primigravida 43.14 66 33.09 46
  Multigravida 56.86 87 66.91 93
  BMI (kg/m2) 21.92 ± 2.69 21.69 ± 2.56
  Pulse (per minute) 79.3 ± 4.38 79.84 ± 4.33
Antenatal systolic blood pressure 113.4 ± 6.32 113.87 ± 6.11
Antenatal diastolic blood pressure 76.22 ± 5.26 75.78 ± 5.17

Table 2: Increase in hemoglobin levels posttreatment

Hemoglobin 
levels (gm%)

Group C (n = 153) Group S (n = 139)
Number Percentage Number Percentage

< 1.5 2 1.31 0 0.00
1.5–1.9 30 19.61 46 33.09
2.0–2.5 87 56.86 68 48.92
2.6–3.0 26 16.99 22 15.83
> 3 8 5.23 3 2.16
Total 153 100.00 139 100.00

Table 3: Change in hemoglobin posttreatment

Iron 
carboxymaltose 
(n = 153)

Iron sucrose 
(n = 139) p-value

Mean ± SD Mean ± SD
Pretreatment Hb (gm%) 8.70 ± 0.84 8.82 ± 0.84 0.205
Posttreatment Hb (gm%) 10.97 ± 0.79 11.02 ± 0.75 0.617
Rise of Hb (gm%) 2.27 ± 0.39 2.17 ± 0.39 0.023
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Table 4: Side effects

Specific side effects

Group C  
(n = 153)

Group S  
(n = 139)

p-valueno. % no. %
Headache 12 7.84 10 7.19 0.834
Dizziness 6 3.92 8 5.76 0.464
Paresthesia 1 0.65 3 2.16 0.269
Hypotension 2 1.31 2 1.44 0.652
Nausea 13 8.50 12 8.63 0.967
Abdominal pain 7 4.58 8 5.76 0.648
Constipation 5 3.27 3 2.16 0.416
Diarrhea 2 1.31 5 3.60 0.186
Administration site reaction 7 4.58 8 5.76 0.648
Myalgia 15 9.80 7 5.04 0.123
Pyrexia 13 8.50 4 2.88 0.041
Chest pain 5 3.27 3 2.16 0.416
Rigors 4 2.61 3 2.16 0.553

DISCUSSION

Ferric carboxymaltose has been recently introduced for 
the treatment of anemia, which can be used intravenously 
in high doses up to 1000 mg/day/week with low risk of 
side effects. At present, it is approved in the 2nd and 3rd 
trimesters of pregnancy, but there are very few studies 
available.

A retrospective study done by Christoph et al8 analyzed 
206 pregnant women who were treated either with FCM (n 
= 103) or IS (n = 103) to assess maternal tolerability, safety, 
and safety concerns for the fetus. Patients treated with 
FCM had fewer side effects (FCM, 7.8%; IS, 10.7%, NS). 
The mean rise of hemoglobin was 15.4 gm/L for FCM and 
11.7 gm/L for IS. This study, nevertheless, showed that 
the tolerance of FCM in pregnancy is good and that side 
effects are rare, even when administered in a much higher 
dose than IS and it also offers the advantage of requiring 
less administrations, thereby increasing patient comfort.

In a prospective observational study done by 
Froessler et al9 in Australia, 65 anemic pregnant women 
received FCM up to 15 mg/kg between 24 and 40 weeks 
of pregnancy. Intravenous FCM infusion significantly 
increased Hb values (p < 0.01) above baseline levels in 
all women. Fetal heart rate monitoring did not indicate 
a drug-related negative impact on the fetus. No serious 
adverse effects were found and minor side effects occurred 
in 13 (20%) patients. Even though the rise in hemoglobin 
in our study was comparable to this study, the incidence 
of adverse side effects in our study was more.

In a randomized controlled study done in Agra, 
India by Garg et al,10 50 postpartum patients were 
included in each group who were administered single 
dose iron carboxymaltose or multidose IS. The rise in 
hemoglobin level at 2, 4, 8 and 12 weeks of iron therapy 
was noted along with hematological parameters. The 

mean hemoglobin level rise in FCM infusion group was 
3.95 gm/dL in comparison to 3.32 gm/dL in IS group at  
4 weeks interval of initial therapy. While adverse reactions 
were seen in 12 and 20% of the cases in respective groups.

Overall, the data from this study is consistent with 
existing data that intravenous iron carboxymaltose 
administration in pregnancy is likely to be safe and 
effective. However, the limitation of the study was that 
due to the limited financial assistance, blood indices like 
serum ferritin, transferrin saturation, and other indices 
for iron deficiency anemia was not feasible in our study. 
Ideally measuring serum ferritin levels would have 
been a marker for noting the efficacy of the treatment. 
Furthermore, the follow-up of patients was done only at 
the end of 4 weeks. Serial follow-ups at the end of 2, 4, 
6, and 8 weeks would have been better in observing the 
trend in rise of hemoglobin values. Since the duration of 
our study was short, the follow-up of the neonates and 
infants was not included in the study.

The cost of the FCM drug is relatively high when com-
pared with other available parenteral iron preparations. 
This high cost of the drug is well compensated by the lesser 
number of visits and number of days of hospital admis-
sion. Further studies including large number of women 
in a randomized controlled trial along with the long-term 
follow-up of the neonates would extend the effectiveness, 
safety, and efficacy of intravenous iron carboxymaltose 
in the treatment of iron deficiency anemia in pregnancy.

CONCLUSION

Based on the results of this study, it may be concluded that 
the intravenous iron carboxymaltose is more effective in 
the treatment of iron deficiency anemia among pregnant 
women compared with intravenous IS. Further, it is 
well tolerated in pregnant women as side effects are 
comparable to that of IS except pyrexia.
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Background and Objective: Osteoporosis is a growing health dilemma recognized in both developed and developing countries
associated with substantial morbidity worldwide. The present study aimed to determine the prevalence of osteoporosis in type 2 diabetes
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INTRODUCTION

Osteoporosis is a skeletal condition characterized by
decreased density (mass/volume) of normally mineralized
bone1.   The   incidence   of   osteoporosis   occurs   at  about
70-80 years of age and in India, it may afflict those 10-20 years
younger, at age 50-602. The prevalence of osteoporosis is
ticking, with projected global burden of osteoporosis hip
fractures expected to exceed six million by 20503. Thirty to
fifty% of women and 15-30% of men have a lifetime risk of
osteoporosis and osteoporosis-related fractures all over the
world4. Osteoporosis is defined as “a systemic skeletal disease
characterized by low bone mass and micro-architectural
deterioration of bone tissue, with a consequent increase in
bone fragility and susceptibility to fracture”5,6. This definition
indicates that  measurement  of  bone  mineral  density  (BMD)
is  a  central  component  to  the  diagnosis  of  the disease5.
The diagnosis of osteoporosis is based on BMD measurements
following  the  guidelines  of  World  Health  Organization
(WHO)6.

The single best technique was used to measure BMD is
Dual energy X-ray absorptiometry (DEXA) Scan3. Diabetes
mellitus is a pandemic metabolic disease with substantial
morbidity  and  mortality.  Patients  with  diabetes  mellitus
have various skeletal disorders, including osteopenia or
osteoporosis, Charcot’s arthropathy and the diabetic foot
syndrome7. Evidence demonstrates a relationship between
type 2 diabetes and multiple microvascular (e.g., retinopathy
and neuropathy) and macrovascular complications (e.g.,
coronary heart disease) and more recently; an increased risk of
bone fracture has been suggested8,9. Osteoporosis is the most
significant metabolic bone disease in patients with diabetes
mellitus10,11. Etiological association studies between diabetes
and  osteoporosis   have   reported   that   bone   health   is
compromised by diabetes. Conversely, studies of patients with
T2DM revealed an increased fracture risk due to the risk of
falling despite higher BMD. Osteoporosis is the most
important metabolic disorder in diabetes mellitus. These two
aspects are frequent medical conditions with an increasing
prevalence in the aging population12. To provide optimal bone
health care for the growing number of patients with diabetes
mellitus, is awareness of the epidemiology, careful clinical
assessment and appropriate prevention or treatment of
skeletal diseases. Thus, the study aims to determine the
prevalence of osteoporosis in type 2 diabetes mellitus (T2DM)
patients using DEXA scan and analysis of the risk factors
affecting osteoporosis.

MATERIALS AND METHODS

The study was hospital based and data were collected
from type 2 diabetes mellitus patients undergoing DEXA scan,
attending outpatient department of Orthopaedics and
Diabetes  Centre,  KLES Dr Prabhakar Kore Hospital and
Medical Research Centre,  Belagavi,   during   the   period  from
January-December, 2015. 

A total of 96 patients suffering from type 2 Diabetes
mellitus and who were willing to undergo DEXA scan were
selected for the study. They were male and female aged >30
years.  Patients  following  medication  which   is  known to
affect  calcium   metabolism,  long-term  steroids, phenytoin,
eltroxin, heparin, thiazide diuretics, oestrogen,
thiazolidinediones (TZDs) were excluded. Patients with
following long-term diseases like chronic liver/kidney diseases,
chronic skin disease, malignancy and rheumatoid arthritis
were also not considered. The DEXA scan was the gold
standard in the assessment of BMD. The DEXA scan (Ge WIPRO
2008 Lunar Model, Belagavi, Karnataka, India) uses X-ray
equipment and a computer to measure bone density. Bone
mineral density was the most important tool in the diagnosis
of osteoporosis. It allows for accurate, precise and
reproducible  assessment of BMD and enables the detection
of osteoporosis before the occurrence of fractures. The
variables analyzed were age, time since menopause, diet,
socio-economic  status,  sunlight  exposure,  smoking,
alcoholism, occupation, family history, body mass index and
duration of diabetes.

Assessment  of  data:  The  bone   mineral   density   (BMD  in
g cmG2) ‘T’ and ‘Z’ scores were determined. The ‘T’ score
compares the BMD result with that of a young adult of the
same gender with a peak bone mass while ‘Z’ score compares
the BMD result with people of the same age group size and
gender.

Data were analyzed as follows by following the WHO
criteria6:

Normal BMD = T score not more than 1 SD below the adult
mean

Osteopenia = T-score between -1.0 and- 2.5
Osteoporosis = T-score <-2.5 with or without fragility

fracture

Data were collected and recorded. Diagnosis based on
the BMD score were made. The BMD data were correlated with
the data of various risk factors obtained through the
questionnaire and correlations were derived.
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Statistical analysis: Data were entered and analyzed using
IBM SPSS Statistics software Inc., version 20.0 (Armonk, NY: IBM
Corp.)13. Descriptive statistics, Mean±SD and t test p<0.05 was
used as statistical test.

RESULTS

In the present study, out of 96 patients with type 2
diabetes mellitus evaluated with DEXA scan for the presence
of osteoporosis  and  various  risk  factors,  50 were men and
46 were women. The overall prevalence of osteoporosis in this
study were  43.75%, osteopenia 26.05% and normal BMD
values were  30.2%.  The  prevalence  of  osteoporosis  in  men 
was 46% and in women was 41.3%. The study revealed the
prevalence of osteoporosis at the spine was 39.6% while at the
hip was 20.9%. The overall incidence seen was 43.8% (Fig. 1).

Age of all the patients in this study was above 30 years
with the majority of the patients aged >60 years. Highest
number of osteoporotic individuals, 27 were  above  60  years
(Table 1).  The  mean  age  of  patients  was  62  years, ranged
from 37-85 years. Highest numbers of osteoporotic diabetics
(27) were aged more than 60 years. Similarly, the prevalence 

rate of patients with BMD and age category are presented in
(Table 2). The duration of diabetes was positively correlated
with osteoporosis. 46.5% of osteoporotic individuals were
suffering from diabetes for 6-10 years (Table 3). The number of
osteoporotic diabetic in the lower socio-economic group was
highest with 52.7%. A significant correlation was observed
between T-score and BMD (p<0.001). Gender specific BMD is
illustrated in (Fig. 2), the percentage of people with diabetes
having normal BMD was highest in the upper socio-economic
group   (70%).   The   most   common   complaint   the  patients
presented with was a backache (56%). Rest had reports of
knee pain, sciatica, generalised weakness  and  diffuse body
ache. The prevalence of osteoporosis was highest among
patients  involved  in  sedentary  work  (office work) wherein
30 patients (60%) had osteoporosis. Most of the women in this

Table 1: Total percentage of patients in the respective age category
Age category No. of patients (%)
35-40 2 (2.10)
41-45 6 (6.25)
46-50 9 (9.40)
51-55 15 (15.60)
56-60 11 (11.50)
>60 53 (55.20)

Table 2: Prevalence of patients categorized with respect to age and body mineral density
Age Normal n (%) Osteopenia n (%) Osteoporosis n (%) Total
35-40 1 (50.0) 0 (0.0) 1 (50.0)  2
41-45 4 (66.7) 1 (16.6) 1 (16.7)  6
46-50 5 (55.6) 3 (33.3) 1 (11.1)  9
51-55 4 (26.6) 4 (26.7) 7 (46.7)  15
56-60 2 (18.0) 4 (36.6) 5 (45.4)  11
>60 13 (24.5) 13 (24.5) 27 (51.0)  53
Total 29 25 42 96

Fig. 1: Patients with osteoporosis and osteopenia at various anatomical sites using DEXA scan
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Fig. 2: Gender specific bone mineral index

Fig. 3: Patients of bone mineral density with and without alcohol consumption

Table 3: Patients with duration of diabetes mellitus and bone mineral density
Duration of diabetes
mellitus (in years) Normal n (%) Osteopenia n (%) Osteoporosis n (%) Total
0-5 10 (52.7) 5 (26.3) 4 (21.0) 19
6-10 12 (27.9) 11(25.6) 20 (46.5) 43
11-15 6 (20.0) 9 (30.0) 15 (50.0) 30
16-20 1 (25.0) 0 (0.0) 3 (75.0) 4
Total 29 25 42 96

study had attained menopause (91.3%) of which (71.7%)
women had reached menopause for more than 10 years.
Increase in the time since menopause was associated with
increased risk of osteoporosis showing statistically significant
with (p<0.001). The average age of menopause in this study
was 46 years. Body mass index ranged from 17.3-38.5 with a
mean BMI of 26.5. People with diabetes with higher body mass
index had a lower incidence of osteoporosis, the correlation
between BMI and BMD is presented in (Table 4). The total
number of diabetics who were vegetarians in  the  study was
70 and non-vegetarians 26. The maximum percentage of

people with diabetes with osteoporosis was in the vegetarian
group (48.6%). The number of people with diabetes with an
adequate  amount  of  exposure   to   sunlight (1 ½- 2 h) was 56
and diabetics with little exposure to sunlight (<1 ½ h) was 40.
The prevalence of osteoporosis was higher among the group 
with  inadequate  exposure  to  sunlight.  The number of
people with diabetes with normal  BMD  was  highest among
the   group   with    adequate    exposure   to   sunlight.   Only
16 (16.7%) patients in this study gave a history of drinking
alcoholic  beverages  of which 12 (75%) were osteoporotic
(Fig. 3). Eighteen patients in this study were smokers  of  which
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Table 4: Patients with body mass index ranged and bone mineral index
BMI Normal n (%) Osteopenia n (%) Osteoporosis n (%) Total
Underweight (<18.5) 0 (0.0) 0 (0.0) 3 (100.0) 3
Normal (18.5-24.9) 3 (8.3) 10 (27.8) 23 (63.9) 36
Pre-obese (25-29.9) 13 (39.4) 8 (24.2) 12 (36.4) 33
Obese (>30 ) 13 (54.1) 7 (29.1) 4 (16.7) 24
Total 29 25 42 96

12 (66.7%) were osteoporotic. Six (6.25%) patients had a
positive family history of fracture of the hip and wrist after
minor fall and all the six patients had osteoporosis in this
study.

DISCUSSION

Diabetes mellitus is a pandemic and chronic metabolic
disorder  with  substantial  morbidity  and  mortality.
Osteoporosis  is  also  a  silent  disease with a harmful impact
on  morbidity  and  mortality12.  In  this cross-sectional study,
96  patients with diabetes mellitus were evaluated with a
DEXA scan for the presence of osteoporosis and various risk
factors were assessed. The overall prevalence of osteoporosis
in this study was 43.8%, osteopenia was 26%  and  with
average BMD values were 30.2%14.

Yaturu’s study showed significantly lower BMD values as
well as increased incidence of osteoporosis at the hip bone in
skilled men with type 2 diabetes compared to age-matched
controls15.  Age  of  all  the  patients in this study ranged from
37-85 years. The average age of the patients in this study was
62 years. Highest numbers of osteoporotic diabetics (51%)
were above 60 years. Dutta et al.16 prospectively studied the
rate  of  loss  of  BMD/annum.  They  concluded  that  rates  of
BMD loss at the age of 65 years were 0.91, 0.84, 0.72, 0.78 and
1.66%/annum, respectively for the neck of femur, trochanter,
intertrochanteric region, total hip and ward’s triangle. 

In the study, prevalence of osteoporosis was highest
among  people  with  diabetes who were involved in
sedentary work (homemakers, office work and retired men)
where in 30 patients (60%) had osteoporosis. Cross-sectional
studies show weight bearing exercises have a beneficial
impact on the bone mass, development of peak bone mass
and reduce the bone loss and the mechanical stress17.

The most common complaint of the patients selected for
this study was backache (56%). Rest had multiple complaints
of sciatica,  knee  pain,  generalised weakness  and  diffuse
body ache. The number of osteoporotic diabetics in the lower
socio-economic group was highest 19 (52.7%). This high
prevalence rate was significant as another study done to
assess the bone status of Indian women from a low-income
group in 289 women in the 30-60 year age group  using  DEXA

scan showed the prevalence of osteoporosis at the femoral
neck was around 29%18. Most of the women in this study had
attained menopause (91.3%) of which (71.7%) women had
reached menopause for more than 10 years. Increase in the
time since menopause was associated with increased risk of
osteoporosis in this study showing statistically significant
(p<0.001). Similarly, Kadam et al.19 revealed BMD at all three
sites of measurement (Spine, Hip and wrist) was significantly
lower  in  postmenopausal  than  premenopausal  women
(p<0.001).

Body mass index of the patients in this study ranged from
17.3-38.5. Patients with diabetes with higher body mass index
had a lower incidence of osteoporosis. Several studies show
low BMI, a measure of body composition, may be associated
with number of osteoporotic fractures and osteoporosis. The
highest percentage of people with diabetes with osteoporosis
were in the vegetarian group (48.6%). Various Indian studies
have shown that vegetarians have 50% risk of osteoporosis
and  98.82%  are  osteopenic20,21.  Critical  modifiable  risk
factors include calcium and vitamin D deficiency, sedentary
lifestyle, smoking, excessive alcohol and caffeine intake. Only
16 diabetics in this study gave a history of drinking alcohol of
which 12 were osteoporotic. On top 18 people with diabetes
who  gave  a  history  of  smoking  12  had  osteoporosis  and
4 osteopenia.

In the study, 6 patients with diabetes had a positive family
history  of fracture of the hip and wrist after trivial fall and all
6 of them had osteoporosis. It is important to distinguish
between the diagnostic and prognostic use of bone mineral
density measurement. As a diagnostic tool, it gives
information concerning the presence or absence of the
disease with the cut-off values chosen. Its potential as a
prognostic tool is to determine the future probability of
osteoporosis22. 

This study recommends the presence of a key risk factor
that should alert the physician to the need for further
assessment  and  intervention,  pharmacologic  as  well  as
non-pharmacologic, to prevent fracture. Like major public
health issue of a widespread magnitude, treatment alone
cannot help the society or nation to cope with the scourge of
osteoporosis23. Lifestyle factors form the cornerstone of
prevention. These include regular exercise, adequate dietary
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calcium (1-1.5 gm/day), adequate vitamin D (800 1.4/day) and
cessation of smoking and alcohol intake. Osteoporosis and
related fractures have a multi factorial genesis,  as  a  result,
their management is involved24. The goals of treatment in
established disease are to arrest bone loss, maintain the
skeletal integrity, to prevent fragility fracture and all these
necessitate early intervention.

CONCLUSION AND RECOMMENDATION

The present study indicates that high prevalence of
osteoporosis in type 2 diabetes mellitus patients is a cause for
concern. Measures such as adequate glycemic control and
prevention of diabetic complications are also the main stay of
therapy in T2DM. Adequate intake of vitamin D, calcium,
physical activity and exposure to sunlight will be useful in
preventing the occurrence of osteoporosis. Areas of future
research  should include assessment of skeletal effects of
novel anti-diabetic drugs, subset evaluation of patients with
type 2 diabetes mellitus in osteoporosis treatment trials and
intervention studies to reduce falls in patients with type 2
diabetes mellitus. 

SIGNIFICANCE STATEMENTS

This study helps in establishing a relationship between
osteoporosis and type 2 diabetes mellitus, showing type 2
diabetics   are    associated    with    an     increased    risk  of
non-traumatic fractures. In this study the risk factors were
assessed for osteoporosis including age, gender, race,
geographical location, diet, lifestyle, hormonal status, bone
density,   bone    quality,    body    mass   index   and  medical
co-morbidities. Considering type 2 diabetes mellitus also has
a profound impact on many of the nutritional, cytokine and
hormonal factors the consequences on bone remodeling have
the potential significant.
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Abstract

Background—Infants of women with lower education levels are at higher risk for perinatal 

mortality.
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Objectives—We explored the impact of training birth attendants and pregnant women in the 

Essential Newborn Care (ENC) program on fresh stillbirths (FSB) and early (7-day) neonatal 

deaths (END) by maternal education level in developing countries.

Methods—A train-the-trainer model was used with local instructors in rural communities in six 

countries (Argentina, Democratic Republic of Congo, Guatemala, India, Pakistan, and Zambia). 

Data were collected using a pre-post active baseline controlled study design.

Results—A total of 57,643 infant/mothers were enrolled. The follow up rate at 7 days of age was 

99.2%. The risk for FSB and END was higher for mothers with 0–7th grade education vs. ≥8th 

grade during both the pre-ENC and post-ENC periods in unadjusted models and in models 

adjusted for confounding. The effect of ENC differed as a function of maternal education for FSB 

(interaction p=0.041) without evidence that the effect of ENC differed as a function of maternal 

education for END. The model-based estimate of FSB risk was reduced among mothers with 0–7 

years of education (19.7/1000 live births pre-ENC, CI 16.3, 23.0 vs. 12.2/1000 live births post-

ENC, CI 16.3, 23.0, p < 0.001) but was not significantly different for mother with ≥8th grade, 

respectively.

Conclusion—A low level of maternal education was associated with higher risk for FSB and 

END. ENC training was more effective in reducing FSB among low education mothers.

Keywords

Education; maternal; neonatal mortality; developing countries; low and mid resource countries

Introduction

An estimated 6.3 million deaths occur annually worldwide in children aged < 5 years and of 

these, 44% occur during the first 4 weeks after birth, mostly during the first 7 days after 

birth1. Causes of early neonatal mortality (sometimes classified as fresh stillbirths) include 

birth asphyxia, complications of low birth weight/prematurity, and infection2. More than 

50% of the under-5 and neonatal deaths occur in South Asia and Africa1. Many countries in 

these areas are on the priority list for the Millennium Development Goal 4 (MDG4) which 

aims at reducing childhood mortality by two-thirds between 1990 and 20153. In these 

priority countries, 50% or less of adult females are literate4 and the poverty levels are high 

with most living on less than USD 1.00 per day5.

Studies have suggested that maternal education is a predictor of neonatal outcomes with 

newborns of more educated women having better survival 6,7. In a recent study, brief 

antenatal education increased mothers’ understanding of basic newborn care8. Mothers 

retained this knowledge until the early post-partum period and during early infancy. In a 

previous study by us, World Health Organization Essential Newborn Care (ENC) training of 

college-educated midwives working in low-risk health centers in large urban settings to 

practice and teach mothers basic care reduced early neonatal mortality in Zambia, and the 

reduction was largest among newborns of mothers with low education9. These results 

suggest that women with lower education levels may benefit most from a basic education 

intervention and led to the current secondary analysis of the First Breath Study10 as the latter 

study was multicountry conducted in rural areas and included a diverse group of birth 
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attendants and health care workers. We explored the role of maternal education and birth 

attendant training on birth outcomes. In the First Breath study, we reported that a postnatal 

intervention based on ENC reduced stillbirths. Because it is difficult to distinguish between 

fresh stillbirth and death soon after birth, many experts recommend analyzing FSB and END 

rates in low-resource settings. Thus we hypothesized that training of birth attendants in a 

simplified ENC program was associated with a larger reduction in FSBs and ENDs as well 

as the combination of the two denoted as perinatal mortality (PNM) among women with 

lower compared to higher education levels.

Materials and Methods

Study Sites and Population

This study is a secondary analysis of active baseline design pre- and post-ENC part of the 

First Breath Study10. The study was conducted in 96 rural communities at seven sites of the 

Eunice Kennedy Shriver National Institute of Child Health and Human Development 

(NICHD) Global Network for Women’s and Children’s Health Research involving six 

countries (Argentina, Democratic Republic of Congo, Guatemala, India – 2 sites, Pakistan, 

and Zambia) between March 2005 through February 2007. Rural and geographically distinct 

communities with at least 300 births per year were selected. Most communities had high 

rates of home births assisted by traditional birth attendants. The sample size was detrmined 

based on enough power to identify a mortality effort10. A pre- and post-training of birth 

attendants in ENC was done. The elements of ENC included neonatal resuscitation, 

thermoregulation, early and exclusive breast feeding, kangaroo (skin-to-skin) mother care, 

and care of the small baby. The birth attendants taught the mothers essential newborn care 

concepts. The study included collection of baseline data (pre-ENC) followed by data 

collection after training (post-ENC).

Maternal and neonatal data were collected for all births (including FSB) with a birth weight 

of 1500 g or more. Fetuses and neonates with birth weight of less than 1500g were excluded 

from the analyses because advanced medical care for very low birth weight infants was not 

available in most of the participating communities. In cases in which the birth weight was 

not measured, infants were included if the weight was estimated by the birth attendant to be 

1500 g or more.

Data Management and Statistical Analysis

Data edits, including inter- and intra-form consistency checks, were performed upon data 

entry locally and by the data coordinating center (RTI International, Research Triangle Park, 

NC, USA). Multivariable logistic and proportional odds regression models with generalized 

estimating equations adjusting for cluster were used to determine differences in maternal and 

neonatal characteristics between the pre-ENC training and post-ENC training for mothers 

with 0–7 years of education and mothers with ≥8 years of education. Logistic models were 

used for binary data, proportional odds models with cumulative logit were used for ordered 

multinomial variables, and proportional odds models with generalized logit were used for 

non-ordered multinomial variables. Estimates of risk and associated adjusted relative risk 

(RR) and 95% confidence interval (CI) from generalized estimating equation extensions of 
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robust Poisson regression models adjusting for clustering are reported for FSB and END as a 

function of ENC training period, maternal education, the interaction of ENC and education, 

controlling for cluster prenatal care, birth attendant type, gestational age, and birth weight. 

The data were analyzed using SAS software version 9.2 (Cary, NC).

Results

A total of 57,819 pregnant women (pre-ENC 22,745 and post-ENC 35,074) were screened 

and 57,642 (99.7%) were enrolled (pre-ENC 22,625 and post-ENC 35,017) as shown in 

Table 1. Most of the women had 0–7 years of education (86.3%) and were 20–35 years old 

(81.2%). About 90% of the women received prenatal care and 65.7% of the women 

delivered at home. The follow up rate at 7 days of age was 99.2% and did not vary by group.

During both the pre- and post-ENC periods, women with 0–7 years of education were older, 

had a lower rate of antenatal care, and delivered more often at home with traditional birth 

attendants rather than in facilities with physicians compared to women with ≥ 8 years of 

education (Table 2). During the post-ENC training period, the crude rate of FSB was lower 

than during the pre-ENC period among mothers with 0–7 years of education (FSB was 

21.6/1000 live births pre-ENC vs. 13.5/1000 live births post-ENC training, p < 0.001) but 

was not significantly different for mothers with a ≥8 years of education (FSB was 6.4/1000 

live births pre-ENC vs. 7.2/1000 live births post-ENC training, p=0.70). END did not differ 

between the two periods for mothers with 0–7 or ≥ 8 years of education. FSB and END were 

higher for the mothers with 0–7 vs. ≥ 8 years of education during both the pre-ENC and 

post-ENC periods.

We evaluated the interaction between years of maternal education and ENC with and 

without adjusting for potentially confounding variables (birth weight and gestational age), 

prenatal care, and birth attendant type. Detailed results from these models are shown in 

Table 3. The models without adjusting for covariates suggested that the effect of ENC 

differed as a function of maternal education for FSB (interaction p=0.041) but showed no 

evidence that the effect of ENC differed as a function of maternal education for END 

(p=0.47 for the interaction). The unadjusted relative risk of FSB post-ENC compared to pre-

ENC was 0.62 (95% CI=[0.49, 0.78]) for mothers with a 0–7 years of education while the 

unadjusted relative risk of FSB post-ENC compared to pre-ENC was 1.12 (95% CI=0.70, 

18.2) for mothers with a ≥ 8 years of education. The adjusted results are included in Table 3. 

While the p-value for the interaction is attenuated somewhat for the adjusted models, the 

magnitudes of the adjusted relative risk estimates are quite comparable, suggesting that this 

effect is not mediated through either birth attendant or prenatal care.

Because the model for END showed no evidence of an interaction between education and 

ENC, we fit reduced models that included main effects for ENC and maternal education both 

with and without adjustment for the potential confounders (Table 3). The unadjusted models 

for END did not show an effect of ENC (RR=0.97, 95% CI 0.81, 1.18, p=07.9) but showed a 

strong effect of maternal education averaged across both periods (RR 1.33, 95% CI 1.10, 

1.66, p=0.0038). The change in the magnitude of the relative risk for both ENC and maternal 
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education was minimal after adjustment for the potential confounders, prenatal care, and 

birth attendant, either individually or in combination.

Conclusions

The current analysis shows that the impact of reduced FSB rates was larger among mothers 

who had little or no formal education (0–7 years) than among those with more education. In 

spite of the reduction in FSB rates following ENC training, the risk for FSB remained 

significantly higher among those with the lower education level compared to those with 

higher education level. The reason for the effect on FSB rather than on END may be due to 

the common misclassification in low-resource settings of identifying deaths soon after birth 

as FSB rather than END10. Thus, the reductions of FSBs can be in large part interpreted as a 

reduction of deaths at birth. It is likely that access to better trained birth attendants for the 

less educated mothers led to the reduction in stillbirths.

The strengths of this study include the use of a large multi-country community-based data 

with high (99%) completeness of outcome information assessed prospectively by birth 

attendants trained in distinction between causes and timing on perinatal deaths. Even though 

demographic and medical data were collected, data on many socioeconomic variables which 

may be associated with adverse perinatal outcomes were not collected. Nonetheless, 

maternal education is a pragmatic proxy of adverse perinatal outcomes that may be used to 

identify women and settings in which perinatal education programs may be most effective.

Maternal education has been observed to be inversely associated with perinatal, neonatal, 

and/or infant mortality in both low- and middle- 6,7,8,11–14 as well as high-resource 

settings 15. In a large study of data in Indonesia spanning over a decade, a lower neonatal 

mortality was observed in mother with higher education levels14. In the United States, infant 

mortality declines were found to be associated with higher levels of maternal education 

rather than to birth weight16 which is one of the best predictors on infant mortality. In Nepal, 

mortality at 5 years was 93 per 1000 live births among children born to mothers with no 

education and more than seven times higher than that of children born to a mother with a 

school certificate (13 per1000 live birth)17. Even high under-five mortality has been 

associated in part with mothers having no or only primary education18. Improved maternal 

education has been associated with reduced perinatal and neonatal mortality 19,20. Mothers 

with more advanced education are more likely to use good neonatal practices such as clean 

cord care and early breastfeeding 21. Limited education may be a marker of poor health 

seeking behaviour and lifestyle as well as social disadvantage 22, 23, 24. A brief maternal 

education program increased mothers’ basic newborn care knowledge8. The current study 

contributes new information as brief essential newborn care training program directed at 

birth attendants and mothers resulted in a large reduction in adverse perinatal outcomes even 

after adjustment for baseline risks. In a more recent cohort of the Global Network, maternal 

mortality was higher in mothers with less education25.

Because women in many rural communities have limited or no access to health care 

facilities but rely on home birth with midwives and traditional birth attendants, efforts have 

been made to improve outcomes through community-based interventions. In a study in Iraq, 
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having the delivery supervised by a traditional birth attendant was associated with young 

maternal age, low education and being poor 18. In a cluster randomised controlled trial of 

training traditional birth attendants in the Safe Motherhood modules, there was a 30% 

reduction in perinatal mortality 23. In the First Breath study on which the current study is 

based, ENC training reduced stillbirth rates in community-based deliveries 10. A simplified 

educational program for birth attendants and mothers based on ENC reduced neonatal 

mortality in a large study in first level facilities in Zambia26 but the benefits were more 

pronounced in the infants of mothers with less education9. Simplified ENC programs 

(Essential Care for Every Baby and Essential Care for Small Babies) http://

www.helpingbabiesbreathe.org/ (accessed May 18, 2016) programs27 which also include 

teaching the mothers are being implemented worldwide.

Although community enhancement is one approach, improving mothers’ level of education 

and socio-economic status is fundamental to long-term improvements in perinatal and 

childhood survival 24. Expansion of maternal health services utilization may be accelerated 

with primary maternal education 28. Efforts to reduce maternal and newborn health must go 

hand in hand with improving women’s education. Training in ENC is very cost effective so 

it should be provided even in low-resource settings29. It has been estimated that training in 

neonatal care may save between 244,000 to 1 million lives per year30.

In summary, low levels of maternal education is a risk for increased perinatal mortality. 

Maternal education was significantly associated with higher risk for FSB and END. ENC 

training of birth attendants reduced the FSB risk among mothers with 0–7 years of education 

but not in mothers with higher education. Focusing perinatal education training programs on 

birth attendants who deliver women with low levels of education may have a large impact on 

perinatal outcomes and increase equity.

Acknowledgments

Dr. Carlo is on the board of directors of Mednax. The authors have no other conflict of interest to report.

References

1. Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, Cousens S, Mathers C, Black RE. Global, 
regional, and national causes of child mortality in 2000–13, with projections to inform post-2015 
priorities: an updated systematic analysis. Lancet. 2015; 385:430–40. [PubMed: 25280870] 

2. Lawn JE, Cousens S, Zupan J. the Lancet Neonatal Survival Steering Team. 4 million neonatal 
deaths: when? Where? Why? Lancet. 2005; 365:891–900. [PubMed: 15752534] 

3. Countdown to 2015. Maternal, Newborn and Child Survival. Tracking Progress in Maternal, 
Newborn and Child Survival. The 2008 Report UNICEF. 

4. UNICEF. Women and Children the Double dividend of gender equity. The State of the World’s 
Children 2007. 

5. UNICEF. Child Survival New York. The State of the World’s Children 2008. 

6. Baker EJ, Sanei LC, Franklin N. Early initiation of and exclusive breastfeeding in large-scale 
community-based programmes in Bolivia and Madagascar. J Health Popul Nutr. 2006; 24:530–539. 
[PubMed: 17591350] 

7. Ikeako LC, Onah HE, Iloabachie GC. Influence of formal maternal education on the use of 
maternity services in Enugu, Nigeria. J Obstet Gynaecol. 2006; 26:30–34. [PubMed: 16390706] 

Chomba et al. Page 6

Neonatology. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.helpingbabiesbreathe.org/
http://www.helpingbabiesbreathe.org/


8. Weiner EA, Billamay S, Partridge JC, Martinez AM. Antenatal education for expectant mothers 
results in sustained improvement in knowledge of newborn care. J Perinatol. 2011; 31:92–97. 
[PubMed: 20689517] 

9. Chomba E, McClure EM, Wright LL, Carlo WA, Chakraborty H, Harris H. Effects of WHO 
newborn care training on neonatal mortality by education. Amb Paeds. 2008; 5:300–304.

10. Carlo WA, Goudar SS, Jehan I, Chomba E, Tshefu A, Garces A, Parida S, Althabe F, McClure EM, 
Derman RJ, Goldenberg RL, Bose C, Krebs NF, Panigrahi P, Buekens P, Chakraborty H, Hartwell 
TD, Wright LL. First Breath Study Group. Newborn-care training and perinatal mortality in 
developing countries. N Engl J Med. 2010; 362:614–623. [PubMed: 20164485] 

11. Bhutta ZA1, Soofi S, Cousens S, Mohammad S, Memon ZA, Ali I, Feroze A, Raza F, Khan A, 
Wall S, Martines J. Improvement of perinatal and newborn care in rural Pakistan through 
community based strategies: a cluster –randomised effectiveness trial. Lancet. 2011; 377:361–363. 
[PubMed: 21239050] 

12. Peña R, Wall S, Persson LA. The effect of poverty, social inequity, and maternal education on 
infant mortality in Nicaragua, 1988–1993. Am J Public Health. 2000; 90:64–69. [PubMed: 
10630139] 

13. Fikree FF, Gray RH. Demographic survey of the level and determinants of perinatal mortality in 
Karachi, Pakistan. Paediatr Perinat Epidemiol. 1996; 10:86–96. [PubMed: 8746434] 

14. Titaley CR, Dibley MJ, Roberts CL. Type of delivery attendant, place of delivery and risk of early 
neonatal mortality: analyses of the 1994–2007 Indonesia Demographic and Health Surveys. Health 
Policy Plan. 2012; 27:405–416. [PubMed: 21810892] 

15. Arntzen A, Moum T, Magnum P, Bakketeig LS. The association between maternal education and 
postneonatal mortality trends in Norway, 1968–1991. Int Epidemiol. 1996; 25:578–584.

16. Gage TB, Fang F, O’Neill E, Dirienzo G. Maternal education, birth weight, and infant mortality in 
the United States. Demography. 2013; 50:615–635. [PubMed: 23073749] 

17. Gurung, G. [Accessed on May 18, 2016] Investing in mother’s education for better maternal and 
child health outcomes; Rural Remote Health. 2010. p. 1352http://www.rrh.org.au

18. Siziya S, Muula AS, Rudatsikira E. Socio-economic factors associated with delivery assisted by 
traditional birth attendants in Iraq, 2000. BMC Int Health Hum Rights. 2009; 9:7. [PubMed: 
19341470] 

19. Rahman S, Salameh K, Bener A, Ansan W. Socioeconomic associations of improved maternal, 
neonatal, and perinatal survival in Qatar. Int J Women’s Health. 2010; 2:311–318. [PubMed: 
21151678] 

20. Pradhan YV1, Upreti SR, Pratap KCN, KCA, Khadka N, Syed U, Kinney MV, Adhikari RK, 
Shrestha PR, Thapa K, Bhandari A, Grear K, Guenther T, Wall SN. Nepal Newborn Change and 
Future Analysis Group. Nepal Newborn Change and Future Analysis Group. Newborn survival in 
Nepal: a decade of change and future implications. Health Policy Plan. 2012; 27:57–71.

21. Shahjahan M, Ahmed MR, Rahman MM, Afroz A. Factors affecting newborn care practices in 
Bangladesh. Paediatr Perinat Epidemiol. 2012; 26:13–28. [PubMed: 22150703] 

22. Antai D. Regional inequalities in under-5 mortality in Nigeria: a population-based analysis of 
individual and community-level determinants. Antal Population Health Metrics. 2011; 9:6. 
[Accessed on May 18, 2016] http://www.pophealthmetrics.com. 

23. Jokhio AH, Winter HR, Cheng KK. An intervention involving traditional birth attendants and 
perinatal and maternal mortality in Pakistan. N Engl J Med. 2005; 352:2091–2099. [PubMed: 
15901862] 

24. Caldwell J, McDonald P. Influence of maternal education on infant and child mortality, levels and 
causes. Health Policy Educ. 1982; 2:251–267. [PubMed: 10256648] 

25. Bauserman M, Lokangaka A, Thorsten V, Tshefu A, Goudar SS, Esamai F, Garces A, Saleem S, 
Pasha O, Patel A, Manasyan A, Berrueta M, Kodkany B, Chomba E, Liechty EA, Hambidge K, 
Krebs NF, Derman RJ, Hibberd PL, Althabe F, Carlo WA, Koso-Thomas M, Goldenberg RL, 
Wallace DD, McClure EM, Bose CL. Risk factors for maternal death and trends in maternal 
mortality in low- and middle-income countries: a prospective longitudinal cohort analysis. Reprod 
Health. 2015; 12(Suppl 2):S1.

Chomba et al. Page 7

Neonatology. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.rrh.org.au
http://www.pophealthmetrics.com


26. Carlo WA1, McClure EM, Chomba E, Chakraborty H, Hartwell T, Harris H, Lincetto O, Wright 
LL. Newborn care training of midwives and neonatal and perinatal mortality rates in a developing 
country. Pediatrics. 2010; 126:e1064–1071. [PubMed: 20937659] 

27. American Academy of Pediatrics. [Accessed on May 18, 2016] Helping Babies Breathe. http://
www.helpingbabiesbreathe.org/

28. Ahmed S, Creanga AA, Gillespie DG, Tsui AO. Economic status, education and empowerment: 
implications for maternal health service utilization in developing countries. PLoS One. 2010; 
5:e11190. [PubMed: 20585646] 

29. Manasyan A, Chomba E, McClure EM, Wright LL, Krzywanski S, Carlo WA. Eunice Kennedy 
Shriver National Institute of Child Health and Human Development Global Network for Women’s 
and Childtren’s Health Research. Cost-effectiveness of essential newborn care training in urban 
first-level facilities. Pediatrics. 2011; 12:e1176–e1181.

30. Little G, Niermeyer S, Singhal N, Lawn J, Keenan W. Neonatal Resuscitation: A Global Challenge. 
Pediatrics. 2010; 126:e1259–1260. [PubMed: 20974787] 

Chomba et al. Page 8

Neonatology. Author manuscript; available in PMC 2018 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.helpingbabiesbreathe.org/
http://www.helpingbabiesbreathe.org/


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chomba et al. Page 9

Table 1

Maternal and Neonatal Demographic Characteristics

Characteristic Pre-ENC Post-ENC Total

Screened, n 22,745 35,074 57,819

Enrolled, n(%) 22,625 (99.5) 35,017 (99.8) 57,642 (99.7)

Region, n(%) 22,625 35,017 57,642

 Africa 4,075 (18.0) 10,492 (30.0) 14,567 (25.3)

 Asia 13,595 (60.1) 17,877 (51.1) 31,472 (54.6)

 Latin America 4,955 (21.9) 6,648 (19.0) 11,603 (20.1)

Maternal education, n (%) 22,576 34,936 57,512

 0 – 7 years 19,280 (85.4) 30,342 (86.9) 49,622 (86.3)

 ≥ 8 years 3,296 (14.6) 4,594 (13.1) 7,890 (13.7)

Maternal age, n (%) 22,576 34,937 57,513

 < 20 years 2,656 (11.8) 4,219 (12.1) 6,875 (12.0)

 20 – 35 years 18,483 (81.9) 28,245 (80.8) 46,728 (81.2)

 ≥ 36 years 1,437 (6.4) 2,473 (7.1) 3,910 (6.8)

Received prenatal care, n (%) 22,571 34,913 57,484

 Yes 19,345 (85.7) 32,410 (92.8) 51,755 (90.0)

 No 3,226 (14.3) 2,503 (7.2) 5,729 (10.0)

Birth location, n(%) 22,625 35,000 57,625

 Home/Other 14,933 (66.0) 22,915 (65.5) 37,848 (65.7)

 Clinic 1,712 (7.6) 3,704 (10.6) 5,416 (9.4)

 Hospital 5,980 (26.4) 8,381 (23.9) 14,361 (24.9)

Birth attendant, n(%) 22,623 34,978 57,601

 Physician 4,061 (18.0) 5,311 (15.2) 9,372 (16.3)

 Nurse/Midwife/LHW 7,326 (32.4) 8,531 (24.4) 15,857 (27.5)

 Trained TBA 7,521 (33.2) 13,718 (39.2) 21,239 (36.9)

 Untrained/Family/Other 3,715 (16.4) 7,418 (21.2) 11,133 (19.3)

Gestational age, n(%) 22,566 34,911 57,477

 Term 21,788 (96.6) 33,843 (96.9) 55,631 (96.8)

 Preterm 778 (3.4) 1,068 (3.1) 1,846 (3.2)

Gender, n(%) 22,567 34,937 57,504

 Male 11,781 (52.2) 18,262 (52.3) 30,043 (52.2)

 Female 10,786 (47.8) 16,675 (47.7) 27,461 (47.8)

Birth weight (g) (measured) 22,625 35,017 57,642

 1500 – 2000 929 (4.1) 1,560 (4.5) 2,489 (4.3)

 2001 – 2500 4,477 (19.8) 7,420 (21.2) 11,897 (20.6)

 ≥ 2,501 13,679 (60.5) 24,820 (70.9) 38,499 (66.8)

 Unknown 3,540 (15.6) 1,217 (3.5) 4,757 (8.3)

 Mean (SD) 2,886.9 (522.8) 2,907.3 (516.2) 2,900.0 (518.7)
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Characteristic Pre-ENC Post-ENC Total

Resuscitated, n (%) 22,572 34,938 57,510

 Yes 1,313 (5.8) 1,492 (4.3) 2,805 (4.9)

 No 21,259 (94.2) 33,446 (95.7) 54,705 (95.1)
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Table 3

Model-based Estimates of Outcomes as a Function of ENC and Maternal Education

Outcome

Fresh Stillbirths 7-Day Neonatal Mortality

Rates per 1000 by ENC and Maternal Education, Rate (95% CI)

 Pre ENC, < 7 Yearsa 25.2 (20.4, 31.1) 27.9 (23.1, 33.6)

 Pre ENC, ≥ 8Yearsa 9.8 (6.6, 14.8) 23.0 (17.2, 30.)

 Post ENC, < 7 Yearsa 16.5 (13.1, 20.9) 27.6 (23.3, 32.7)

 Post ENC, ≥ 8Yearsa 11.0 (7.7, 15.7) 20.0 (15.0, 26.7)

  Interaction P-valuea 0.0617 0.4347

  ENC P-value, Maternal Education < 7 yra 0.0005 0.9267

  ENC P-value, Maternal Education ≥ 8 yra 0.6272 0.3959

Maternal Education RR, <7 vs ≥ 8 (95% CI)b 1.30 (1.07, 1.59)

ENC RR, Post vs Pre (95% CI)b 0.98 (0.81, 1.18))

ENC RR, Post vs Pre for Ed <7 (95% CI)a 0.66 (0.52, 0.83)

ENC RR, Post vs Pre for Ed ≥ 8 (95% CI)b 1.11 (0.72, 1.72)

a
Based on a model that contains interaction term for ENC and maternal education, adjusted for cluster, prenatal care, and birth attendant type

b
Based on a model that contains only the main effect terms for ENC and maternal education, adjusted for cluster, prenatal care, and birth attendant 

type
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Introduction

Glutaric aciduria type I (GA-I;OMIM #231670) is an autoso-
mal recessive disorder of lysine, hydroxylysine, and trypto-
phan metabolism caused by deficiency of glutaryl-CoA
dehydrogenase (GCDH;EC 1.3.99.7).1 GCDH catalyzes oxida-
tive decarboxylation of glutaryl-CoA to crotonyl-CoA and
CO2. The defective enzyme causes accumulation of excessive
levels of intermediate breakdown products such as glutaric
acid (GA), 3-hydroxy GA (3-OH-GA), and glutaconic acid (GC)
in blood, urine, cerebrospinal fluid (CSF), and brain tissue.2–4

With the estimated prevalence of 1 in 30,000 to 100,000
newborns5 and much higher in certain ethnic groups, this
disorder is recognized as a major cause of acute metabolic
brain damage in early childhood.6 The characteristic clinical
presentation includes macrocephaly, hypotonia, progressive

dystonia, and dyskinesia. The onset of neurologic symptoms
occurs following acute illness leading to encephalopathy
crisis, resulting in bilateral striatal damage7,8 probably due
to acute rise in GA or 3-OH-GA levels in body fluids such as
serum and/or CSF.9,10 Depending on urine GA levels, two
distinct biochemical phenotypes are known, high excretors
(GA in urine >100 mmol/mol Cr) and low excretors
(GA in urine <100 mmol/mol Cr).11

Themammalian GCDH gene has beenmapped to chromo-
some 19p13.2 and spans approximately 7 kb comprising 11
exons and 10 introns.12 The GCDH protein is a 45-kD
homotetramer.13 More than 150 disease-causing GCDH
mutations have been described.5 Some disease-causing
mutations occur in high frequency and belong to the high
excretor phenotype, including R402W (p. Arg402Trp), A293T
(p. Ala293Thr), and A421V (p. Ala421Val).1 Other mutations,

Keywords

► genotyping
► glutaric aciduria

type I
► glutaryl-CoA

dehydrogenase

Abstract Glutaric aciduria type I (GA-I) is an organic aciduria caused by glutaryl-CoA dehydroge-
nase (GCDH) deficiency. There are limited studies on GA-I from India. A total of 48
Indian GA-I patients were screened for selected disease-causing mutations such as
R402W, A421V, A293T, R227P, and V400M using polymerase chain reaction (PCR) and
restriction fragment length polymorphism (RFLP). Among these patients, 9 (18.8%)
had R402W mutation, and none had A421V, A293T, R227P, or V400M mutation. One
low excretormutation (P286S) and several novel mutations (I152M, Q144P, and E414X)
were also found in this study. We conclude that among selected mutations, R402W is
the most common mutation found among Indian GA-I patients.
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such as R227P (p. Arg227Pro) and V400M (p. Val400Met), are
prevalent in closed ethnic groups and are of the low excretor
phenotype.5,14

In India, there are fewstudies andonly isolated case reports
on GA-I.15 There is scarcity of data on its genetic etiology.
Recent studies on GA-I from this region are contentious and
inconclusive due to limited sample size.16,17 This studyaims to
screen selected disease-causing mutations such as R402W,
A293T, and A421V (high excretor mutations), and R227P and
V400M (low excretor mutations) among GA-I patients from
India. These mutations were selected as they are highly
prevalent in certain ethnic populations1 and adversely affect
GCDH activity. While screening for selected disease-causing
mutations, novel mutations identified were reported, and
computational modeling studies were performed to under-
stand the impact of novel mutations on the structure and
function of GCDH enzyme.

Materials and Methods

Sample Collection
The Human Ethics Committee of National Institute of Mental
Health and Neurosciences (NIMHANS), Bengaluru, approved
this study. Informed consent was obtained from the study
subjects. Forty-eight GA-I patients from unrelated families
presenting at NIMHANS were recruited based on (1) clinical
presentations such as macrocephaly, acute encephalitis-like
crisis, spasticity, hypotonia, dystonia, choreoathetosis, atax-
ia, dyskinesia, and seizures, (2) neuroimaging studies show-
ing generalized frontal cerebral atrophy, subdural
hematomas, magnetic resonance imaging suggestive of
hyperintensity or atrophy in basal ganglia, or caudate and
putamen, and/or computerized tomography changes show-
ing hypoattenuation or atrophy of lentiform nuclei, and (3)
elevated levels of GA and 3-OH-GA in urine.

For genotyping studies, 2-mL blood sampleswere collected
in Ethylenediaminetetraacetic acid (EDTA) vacutainer (Becton
Dickinson) from GA-I patients. Urine organic acid analysis
(UOA) for GA and 3-OH-GAwas done by gas chromatography–
mass spectrometry (GC-MS), and for this purpose, midstream
urine sample of 10mL or urine spotswere collected in a sterile
urine container or on Schleicher & Schuell (S&S) 903 filter
paper, respectively, fromGA-I patients. Prior to urine analysis,
samples were stored at –20°C. Demographic details, clinical
history, and laboratory findingswere recorded from the study
participants. The statistical methods such as mean and stan-
dard deviation were used to represent demographic data
performed using SPSS 17.0.

Preparation of Dried Blood Spots for Genomic
Deoxyribonucleic Acid Extraction
For long-term storage, easy handling and meticulous use
of patient samples, dried blood spots (DBS) were pre-
pared using the whole blood collected from GA-I patients
by spotting three nonoverlapping drops of blood
(50 µL for each spot) on S&S 903 filter paper. The spots
were then air-dried for 2 hours and stored at –20°C until
further process.

Extraction of Genomic Deoxyribonucleic Acid
Genomic deoxyribonucleic acid (gDNA) was extracted from
DBS by using an in-house gDNA extraction protocol called
single lysis-salting out process.18

Genotyping Studies
GA-I patients were screened for high excretor mutations
R402W (rs121434369), A293T (rs121434371), and A421V
(rs121434367), and low excretor mutations R227P
(p.Arg227Pro, rs121434373) and V400M (p.Val400Met,
rs121434372) by polymerase chain reaction (PCR) and
restriction fragment length polymorphism (RFLP). Exon-
specific oligonucleotide primers were used for amplification
of exons to screen selected disease-causing mutations
(►Table 1). Thermal cycler (Mastercycler nexus, Eppendorf
AGHamburg, Germany) programwas optimized to 95°C for 5
minutes followed by 30 cycles of 95°C for 5 minutes, 60°C for
1 minutes 30 second, 72°C for 2 minutes, and final extension
at 72°C for 10 minutes. Specific restriction enzymes were
used to digest PCR amplicons, and restricted products were
electrophoretically separated on 2% agarose gels. Depending
upon the band pattern on the agarose gel, the genotypes of
GA-I patients were identified. Due to nonavailability of
appropriate restriction enzyme, direct sequencing of PCR
product was done for screening A293T mutation (Chromous
Biotech Pvt. Ltd., Bangalore, India). The GA-I patients carry-
ing heterozygousmutationswere further screened for all the
11 exons to find the presence of other mutations in GCDH
gene. The genotype and allelic frequency of mutant alleles
was calculated by the Hardy–Weinberg formula.

In Silico Studies
In silico analysis was performed for novel Q144P and
I152M missense mutations. PolyPhen-2 (http://genetics.
bwh.harvard.edu/pph2) and Protein Variation Effect
Analyzer (PROVEAN;http://provean.jcvi.org/seq_submit.
php) tools were used for predicting the impact of
mutations on protein function based on comparative
analysis and physicochemical properties of amino acid.
I-Mutant 2.0 (http://gpcr.Biocomp.unibo.it/cgi/predic-
tors/I-Mutant2.0/I-Mutant2.0.cgi) was used to depict
the impact of point mutations on the protein stability.
Swiss PDB viewer V. 4.0 (SPDBV) and Swiss-Model server
(http://swissmodel.expasy.org/interactive#deepview) were
used for homology modeling to build three-dimensional
(3D) models of mutant GCDH proteins by using crystal
structure of native GCDH (PDB code:1SIR). The ERRAT
(http://services.mbi.ucla.edu/ERRAT/) and Modloop (https://
modbase.compbio.ucsf .edu/modloop/) servers were used for
refining the loops of mutant models. Structural validation of
mutant models was performed using ERRAT, ProSA (http://
prosa.services. came. sbg.ac.at/prosa.php), and Procheck
(http://swissmodel.expasy.org/workspace/?functoolsstruc-
tureassessment1). The 3D protein models were compared
with native GCDH protein to recognize the changes in
counterpart amino acids residues within 5Å radius of the
mutant amino acid. The UCSF CHIMERA (http://www.cgl.
ucsf.edu/chimera/)19 was used for predicting unfavorable
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interactions of point mutations with close amino
acid residues. Docking studies were performed using
AutoDock Vina20 to examine the changes in the binding
affinity of flavin adenine dinucleotide (FAD) and
substrate, S-4-nitrobutyryl-CoA (NBC), to mutant models
of GCDH protein.

Results

Themean age of theGA-I patients in our studywas found to be
1.8 � 1.5 years (ranged between 1 month and 5 years). The
male-to-female ratio was found to be 0.9:1. Parental consan-
guinity was seen in 30% of the patients. In this study, 40% GA-I
patients were from Northern and 60% were from Southern
parts of India. Six (12%) patientshad family historyofGA-I. The
most common clinical manifestations in Indian GA-I patients
were developmental delay (56.3%), seizures (23%), dystonia
(13%), and macrocephaly (13%).

The genotyping analysis revealed that 9 (18.8%) of 48 GA-I
patientshad theR402Wmutation.Among them, seven (14.6%)
were found tobehomozygouswith the “TT” genotype and two
(4.2%) were found to be heterozygous with the “CT” genotype.
Theheterozygous R402Wpatientswere screened for all the 11
exons of GCDH gene and were found to be compound hetero-
zygous for novelmutations. Onewas found to beheterozygous
for novel missense mutation, Q144P, and another was hetero-
zygous foranovelnonsensemutation, E414X.Thedemograph-
ic data revealed 7 � 0.3 months as the mean age of disease
onset among patients with R402W mutation. The parental
consanguinity was seen in 9% of the patients with this muta-
tion. The common clinical presentations among these patients
are found to be global developmental delay (60%), dystonia
(30%), and macrocephaly (20%).

TheA421V, A293T, R227P, andV400Mmutationswere not
found in our cohort (►Table 2). While interpreting the
sequencing data, a single patient was found to be compound
heterozygous for recently identified low excretor mutation,
P286S (g.10754 C > T),17 and novel mutation, I152M (g.7445
C > G); both thesemutationswere present in exon 8 ofGCDH
gene. This patient presented with global developmental
delay, dystonia, and macrocephaly with elevated blood
glutaryl-carnitine (C5DC) levels. Unfortunately, urine sample
collected on filter paper from this patient did not give good
results accompanied by lack of follow-up.

In silico analysis by PolyPhen-2 and PROVEAN tools for
missense mutation, Q144P and I152M, predicted that these
mutations are “probably damaging” or “deleterious” to the
GCDH enzyme, respectively. Changes in negative free energy
(DDG or ΔG) were seen for these mutations when analyzed
by I-Mutant 2.0 (►Table 3).

The mutant homology models for Q144P and I152Mwere
generated using SPDBV and Swiss-Model. The structural
validation for homology mutant models was done by ERRAT,
Procheck, and ProSA. All the homology models showed
quality factor of >95%. The mutant models were analyzed
for changes in protein tertiary structure against the native
GCDHmodel. The native GCDHmodel with Q144 showed the
presence of I97, L106, A140, M141, S142, V143, S145, S146,Ta
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L147, V148, M149, H150, L168, G171, L173, L174, and G175
amino acid residues within 5Å region of Q144 residue.
Nevertheless, when replaced by P144, it resulted in the
absence of many amino acid residues,that is, I97, H150,
L168, G171, L173, L174, and G175 within this region, proba-
bly due to alterations in the amino acid polarity from a
hydrophilic glutamine to hydrophobic proline at position
144 (►Fig. 1A, B). Similarly, in native GCDH model, I152
showed the presence of V148, M149, H150, P151, Y153,
A154, Y155, G156, S157, Q160, R161, Y164, L165, L168,
L221, L237, and L277 within 5Å region of I152
residue. When replaced by M152 residue, it causes derange-
ment in surrounding amino acid residues leading to absence
of Q160 and L237 residues within 5Å region of M152
(►Fig. 1C, D).

The Q144P and I152M mutants were analyzed by UCSF
CHIMERA for clashes or unfavorable interactions. The amino
acid residues 144 and 152 lie in region A of GCDH protein.
Mutations in this region are linked with residual enzyme
activity and are not directly involved in either substrate
binding or oligomerization.11 In Q144Pmutation, when gluta-
mine at 144 replaced by proline, it forms clashes with alanine
at 140, present in region A of GCDH protein (►Fig. 1E). In
I152M mutation, when isoleucine at position 152 is replaced
by methionine, it forms clashes with leucine at position 237
that lie in close proximity to FAD binding site of region B11

(►Fig. 1F). The docking analysis with FAD and substrate (NBC)
by Autodock Vina, formutant Q144P and I152MGCDHprotein
models, revealed decreased binding affinity for both the
ligands,that is, FAD and substrate (►Table 3).

Discussion

In this study, we aimed to screen the presence of R402W,
A421V, A293T, R227P, and V400M mutations in GA-I pa-
tients from India. These mutations were chosen as they are
highly prevalent in certain ethnic populations1 and cause
dysfunction of GCDH activity either by affecting FAD bind-
ing ability to the enzyme or disrupting intersubunit asso-
ciations or affecting the interactions with electron transfer
flavoprotein.11

The mutant “T” allele frequency for R402W mutation in
this study was found to be 17% (16/96), which is similar to
the frequency range reported among Europeans (10–20%).21

A recent study by Gupta et al,16 with 17 GA-I patients from
India, showed mutant allelic frequency of 23.5% (8/34) for
R402W mutation and concluded that this is the most
commonly occurring mutation in their cohort. Our previous
study with 30 GA-I patients screened for R402W mutation
showed allelic frequency of 15% (9/60).18 The difference in
allelic frequency between this study, our previous study,18

and that by Gupta et al,16 might be due to differences in
sample size. A study from southern province of India on GA-
I has suggested the absence of R402W mutation in South
Indian GA-I patients.17 To the contrary, this study showed 7
(78%) of 9 South Indian GA-I patients had this mutation,
which is indicative of its prevalence in Southern regions as
well.Ta
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The A421V, A293T, V400M, and R227Pmutations were not
found in this study, suggesting the absence of thesemutations
in our population. In our study,we found P286S, a lowexcretor
mutation reported by Radha Rama Devi et al,17 as compound
heterozygous with I152M mutation. Though blood C5DC
levels (1.41µmoles/L; Ref range: 0.00–0.41µmol/L) were found
to be elevated, the biochemical phenotype for this patient was
inconclusive due to the absence of UOA results.

In silico analysis was performed for the novel mutations
Q144P and I152M found in our study. The GCDH enzyme
belongs to acyl-CoA dehydrogenase (ACDs) family of flavoen-
zymes. It is unique amongACDs as it catalyzes decarboxylation
reaction followedbydehydrogenationtoproducecrotonylCoA
and CO2 fromglutaryl CoA. The polypeptide folding of GCDH is

similar to the family members belonging to ACDs. The muta-
tions in GCDH gene affect protein folding, stability, and/or
ligand binding (FAD and/or substrate) ability to the enzyme.
The PolyPhen-2 and PROVEAN analysis for Q144P and I152M
mutations suggest that these are likely to have an adverse
impact on both structure and function of GCDH. Furthermore,
the resultant low ΔG (DDG) values for mutant proteins
obtained using I-Mutant 2.0 program suggests that these
mutations cause structural instability to GCDH.

The structural variations of Q144P and I152M mutations
when analyzed using SPDBV and UCSF Chimera showed
changes within neighboring 5Å residues and unfavorable
interactions between amino acid residues, respectively. Sub-
stantially, it can be assumed that Q144P and I152M

Fig. 1 (A) Native GCDH protein with Q144 amino acid at position 144 (green) along with other amino acids I97, H150, L168, G171, L173, L174,
and G175 residues within 5 Å region. (B) The absence of amino acids I97, H150, L168, G171, L173, L174, and G175 residues due to the presence
of mutant P144. (C) Native GCDH protein with I152 (green) showing G160 and L277 residues (pink),Tyr155 (blue), and S-4-nitrobutyryl-CoA
substrate moiety (purple). (D) The absence of G160 and L277 residues due to the presence of I152M mutation. (E,F) UCSF CHIMERA results
showing P144 clashes with A140 and M152 clashes with L237 due to the presence of Q144P and I152M mutations, respectively.

Table 3 Evaluation of the impact of mutations using computational tools

Mutation PolyPhen-2 PROVEAN I-mutant 2.0
ΔG ¼ <0 kcal/mol

Binding Affinity
(kcal/mol)Prediction Score

(0.1–1.00)
Prediction Score

(< -2.5) FAD NBC
(substrate)

Native GCDH – – – – – –8.8 –6.9

Q144P Probably Damaging 1.00 Deleterious –5.9 –0.16 –11.1 –7.8

I152M Probably Damaging 1.00 Deleterious –2.93 –2.00 –10.8 –8.3
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mutations cause regional spatial derangements of amino
acid residues and structural constraints with neighboring
residues due to unfavorable interactions, which might have
resulted in nonaccommodative steric hindrance and local
structural variations in GCDH protein.

Docking of ligands with GCDH Q144P and I152M mutant
proteins has shown decreased affinity for both FAD and
substrate, more pronounced in Q144P when compared with
I152M GCDH mutant protein. The possible explanation
could be that the native GCDH protein with Q144 and
A140 residues stabilizes S139 amino acid present at the
catalytic site, which is essential to form temporary hydro-
gen bond with the substrate. Replacement of proline with
glutamine at position 144 destabilizes S139 residue, result-
ing in decreased substrate binding affinity toward P144
mutant GCDH protein. In addition, change in the polarity of
amino acid from hydrophilic glutamine to hydrophobic
proline might cause disturbances in the amino acid residues
(i.e., L173, L147, and G175) in close proximity to FAD
binding site in region B. These disturbances could possibly
affect the FAD binding ability to Q144P mutant GCDH
protein. Similarly, in I152M mutant, when isoleucine at
position 152 present in region A is replaced with methio-
nine, it forms an unfavorable interaction with L237 residue
in region B. This might result in local folding changes
around FAD binding site, reducing the binding ability of
FAD to GCDH mutant protein. Also, I152 residue lies in close
proximity to Y155, which is present near adenine ring of
CoA of the substrate.11 The mutant M152 causes derange-
ment of amino acid residues within 5Å (including Y155)
that might have compromised the substrate binding ability
of I152M mutant GCDH protein.

Recent studies on P286S mutation have suggested that
thismutation results in local instability and affects the ligand
binding to GCDH protein.17 Previous computational analysis
report on R402W mutation has shown that this mutation
affects the spatial arrangement and the dynamics, leading to
decreased stability of GCDH enzyme.22

Conclusion

For the first time, we have screened a large number of GA-I
patients from India. We conclude that regardless of the
genetic and ethnic diversity within this region, R402W is
the most common mutation among A421V, A293T, R227P,
and V400M in Indian GA-I patients. In addition, we have
reported the existence of novelmutations I152M, E414X, and
Q144P in our GA-I patients. From computational studies, it is
evident that the presence of Q144P and I152M mutations
tends to cause local structural variations in GCDH enzyme
that might have impact on enzyme stability and impairs its
functional ability. This study is limited to genetic screening
of certain selected disease-causing mutations in Indian GA-I
patients. Further studies undertaking whole gene screening
are essential for better documentation of various genotypes
prevalent in Indian population, which, in turn, might help in
DNA-based prenatal screening of this disorder in high-risk
pregnancies.
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Objective: The 90° rotation technique for inserting the Proseal laryngeal mask airway (PLMA) is reported to be better than the standard 
index finger insertion technique to improve the insertion success rate. The objective of this study was to evaluate and compare the ease of 
insertion through the 90° rotation and standard insertion techniques in terms of number of attempts, duration of insertion and occurrence 
of complications.

Methods: One hundred and twenty adult patients were allocated to either a standard technique group or rotation technique group with 
60 patients in each. In the rotation technique group, the entire cuff of the PLMA was placed in the patient’s mouth in a midline approach 
without finger insertion, rotated 90° counter-clockwise around the patient’s tongue, advanced and rotated back until resistance was felt.

Results: The success rate of the rotation technique group at the first insertion attempt was greater than that of the standard index finger 
insertion technique (98% vs. 78%; p=0.001), and less time for insertion was required (11.88±3.62 s vs. 25.98±10.92 s; p<0.0001). The 
incidence of post-operative sore throat was lower (15% vs. 38.34%; p=0.0067), and blood staining on the PLMA was less (11.7% vs. 
45%; p<0.0001). The increase in the mean arterial pressure was more in the standard technique group.

Conclusion: The 90° rotation technique has a higher success rate at first insertion attempt for inserting the ProSeal LMA than the index 
finger insertion technique with less time for insertion and fewer side effects.

Keywords: LMA insertion techniques, 90° rotation technique, airway management, laryngeal masks, ProSeal LMA
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Introduction

Dr. Archie Brain modified the classic laryngeal mask airway (cLMA) in 2001 and thus devised the Proseal laryngeal 
mask airway (PLMA) (1). This double lumen, double cuff PLMA has some clear advantages over its predecessor (1, 2).  
Placing the LMA in the correct position requires skill. Standard Brain’s cLMA insertion technique (the classic tech-

nique) is more manipulative as it requires finger insertion and guidance (3). Various cLMA insertion techniques have been 
tested with regard to ease of insertion in all age groups (4, 5). These techniques have been used for the insertion of PLMA. 
They include digital insertion, which is the classic technique; introducer-guided insertion, which allows the PLMA to be 
inserted like the intubating LMA; and gum elastic bougie (GEB)-guided insertion (6-8).

The manufacturer provides a silicone-coated, malleable metal introducer with the PLMA. GEB-guided insertion requires a 
laryngoscope and intentional insertion into the oesophagus. It is therefore unlikely to be the first technique of choice. The 
insertion time of the PLMA is longer than that of the cLMA. PLMA insertion is more difficult than the classic technique 
because it has a softer bowl and its edge is more curved (9). A 180° rotation technique involving insertion of the mask back-
to-front like a Guedel airway has been used. However, this technique results in some residual rotation in the coronal plane 
in adults and does not improve ease of insertion in children (3, 5, 10, 11).

A 90° rotation technique has been described, and it is more successful than the standard technique and is associated with 
less airway morbidity (12). It does not involve the use of additional introducer aids. The reported first attempt success rate 
is 67%–90% with the standard cLMA insertion technique (13, 14), whereas it is 86% in adults and 99% in children with 



the rotation insertion technique (3, 15). With regard to the 
success rate and ease of cLMA insertion, the 90° rotation in-
sertion technique has not been widely studied in adult pop-
ulations (16, 17).

The objective of this study was to evaluate and compare the 
ease of PLMA insertion through the 90° rotation technique 
with that of the index finger insertion technique (henceforth 
referred to as the standard technique) in terms of number of 
attempts, insertion time, airway morbidity, gastric insuffla-
tion and leaks around the cuff and haemodynamic changes.

Methods

This prospective randomised clinical study was conducted at 
a tertiary care hospital on patients undergoing short, elective 
surgical procedures requiring general anaesthesia. A total of 
120 adult surgical candidates of each sex, aged 18–60 years, 
with ASA I or II and Mallampati I or II, were randomly di-
vided into two groups of 60 each (with computer-generated 
random numbers). These candidates were undergoing short 
elective surgery that required general anaesthesia and did not 
require tracheal intubation. The two groups were designated 
as Group S (n=60, standard index finger insertion technique) 
and Group R (n=60, rotation insertion technique).

Patients with significant acute or chronic lung disease, pa-
thology of the neck or upper respiratory tract, potentially dif-
ficult intubation, increased risk of aspiration (hiatus hernia, 
gastro-oesophageal reflux or full stomach), pregnant women 
and BMI of >30 were excluded.

Approval was obtained from the departmental research com-
mittee and institutional ethics board, and written informed 
consent was obtained from each patient. All patients received 
a tablet of diazepam (5 mg) orally the night before the surgery 
for anxiolysis. In the operation theatre, an intravenous line 
was established with a 20G cannula. Standard anaesthesia 
monitors included non-invasive blood pressure, pulse oxim-
eter, electrocardiogram and end-tidal carbon dioxide moni-
tor. Baseline blood pressure, heart rate (HR) and peripheral 
O2 saturation were recorded. The anaesthesia protocol was 
standardised. Patients of both groups were intravenously ad-
ministered metoclopramide (10 mg) and ranitidine (50 mg) 
15 min before surgery. Three sprays of 10% lignocaine were 
applied to the posterior oro-pharynx. Midazolam (0.02 mg 
kg−1) and fentanyl (1 mcg kg−1) were intravenously adminis-
tered. Following pre-oxygenation for 2 min, anaesthesia was 
induced with propofol titrated to the loss of verbal contact 
with the patient, loss of eyelash reflex and relaxation of the 
jaw. If coughing, gagging or body movement occurred during 
insertion of the device, propofol (1 mg kg−1) was added to 
achieve an adequate level of anaesthesia. For safety concerns, 
before the insertion of the devices after loss of verbal contact, 
we checked that hand-ventilation with a face mask was possi-
ble. Once the patient became apnoeic and an adequate depth 
of anaesthesia was achieved based on clinical judgement (i.e. 

jaw relaxation), the deflated PLMA size 3 in females and size 
4 in males was inserted. Before insertion of the PLMA, the 
cuff was partially inflated (i.e. filled with half the recom-
mended air, 10 mL in size 3 and 15 mL in size 4). In the 
standard technique (Group S), the PLMA was placed using 
Brain’s insertion technique. The patient’s head was positioned 
with the head extended at the atlanto-axial joint and flexed at 
the neck with the non-dominant hand. The PLMA was held 
like a pen, and the index finger was placed at the junction of 
the PLMA tube and cuff. The index finger was used to press 
the PLMA against the hard palate and posterior pharyngeal 
wall until definite resistance was felt at the base of the hypo-
pharynx. The PLMA was then held with the non-dominant 
hand, and the index finger was removed.

In the rotation technique (Group R), the entire cuff of the 
PLMA was placed in the patient’s mouth in a midline ap-
proach without finger insertion, rotated 90° counter-clock-
wise around the patient’s tongue, advanced and then rotated 
back until resistance was felt.

Following PLMA insertion in both techniques, the PLMA 
was inflated with 20 mL of air in size 3 and 30 mL in size 4 
to obtain proper seal. Successful placement was checked by 
chest expansion, reservoir bag movement and appearance of 
capnographic tracing. The end point of each insertion was 
when there was bilateral chest movement, a square wave on a 
capnograph and an SpO2 of >95%. The surgeon was request-
ed not to clean, drape or position the patient until 5 min after 
the placement of the supraglottic device to avoid any stimuli 
likely to interfere with the findings. Anaesthesia was main-
tained with sevoflurane and oxygen plus nitrous oxide. Pa-
tients were intraoperatively monitored for HR, non-invasive 
blood pressure and SpO2. At the completion of the surgery, 
the PLMA was removed in a deep plane of anaesthesia.

Study parameters

Attempts of insertion - Number of attempts taken to insert 
the PLMA

Insertion time (s) (18): This is the time interval between 
holding the airway device up and confirmation of the correct 
placement by bilateral air entry on chest auscultation.

The end point of each insertion was when there was bilater-
al chest movement, a square wave on a capnograph and an 
SpO2 of >95% (18).

Oropharyngeal leak (grade) (16): This signifies malposition 
of the device. It is detected by giving 20 cm H2O pressure 
and is divided into grade 1 (no leak), grade 2 (palpable leak), 
grade 3 (audible leak with appropriate ventilation), grade 4 
(audible leak with inappropriate ventilation), grade 5 (com-
plete obstruction with no ventilation).

Haemodynamic changes: Such as HR, systolic blood pres-
sure, diastolic blood pressure, mean arterial pressure (MAP) 
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and SpO2 at the time points before insertion, immediately af-
ter insertion and 2 and 5 min after insertion were measured.

Complications: Variables studied were incidence values of 
the intraoperative gastric insufflation, blood staining of the 
device at removal and post-operative sore throat.

Statistical analysis
Sample size: A previous study reported 17% higher success 
rate with the 90 degree rotation technique (19). Expecting 
a minimum difference of 17% in the success rate we chose a 
sample size of 60 patients per group. This will give a power 
of 80% to the study considering type 1 error of 0.05 (two-
tailed).

Study data were analysed using the Student’s t test for inde-
pendent parametric data, general linear model for repeated 
measure parametric data, chi-squared test or Fisher’s exact 
test for non-parametric data. Statistical software used were 
Statistical Package for the Social Sciences (SPSS Inc.; Chica-
go, IL, USA) 14.0 version, GraphPad InStat 3.06 and Micro-
soft Office Excel 2007.

Results

The total number of patients was 120 and 60 patients were 
assigned to each group. None of the patients dropped out 
of the study. Both groups were comparable with regard to 
demographic data, i.e. age, sex, body mass index (BMI), Mal-
lampati grade and duration of surgery (Table 1).

Group R exhibited 98% success at the first insertion attempt 
and group S exhibited 78% with a significant statistical differ-
ence between the two groups (p=0.001). The insertion time 
was significantly less with the rotational technique compared 
with the standard technique (11.88 vs. 25.98 s; p<0.0001). 
The incidence of oropharyngeal leak was similar in the two 
groups (p=0.716). The two groups showed no significant dif-
ference in the incidence of gastric insufflations (p=0.789). We 
observed a higher percentage of blood staining of the PLMA 
with the standard technique than with the rotation technique 
(45% vs. 11.7%, p<0.0001). Fewer patients in the rotation-
al technique group had post-operative sore throat compared 
with those in the standard technique (15% vs. 38.34%, 
p=0.0067) (Table 2).

There was no significant difference in HR between the two 
groups at different intervals. However, MAP showed a sig-
nificant increase with the standard technique after insertion 
and at 2 min after insertion compared with the rotation tech-
nique (p=000) (Figure 1).

Discussion

This study demonstrates that the 90° rotation technique is 
superior and has advantages over the standard technique with 
respect to insertion attempts, insertion time, blood staining 
of the PLMA and sore throat. It is associated with less hae-
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Table 1. Patient characteristics

 Group S Group R P

Age (years) Mean±SD 28.88±10.05 28.75±9.16 0.94

Gender

Male 10 (17%) 9 (15%) 1

Female 50 (83%) 51 (85%) 1

Duration of surgery

Mean (min)±SD 22.3±5.9 23.6±6.4 0.12

SD: standard deviation

Table 2. Study data for outcome measures

  Group S Group R P

Insertion attempts

1 47 (78%) 59 (98%) <0.001

>1 13 (22%) 1 (2%) 

Insertion time in  
seconds (mean±SD)  25.98±10.92 11.88±3.62 <0.001

Oropharyngeal leak

Grade I 48 (80%) 51 (85%) 0.716

Grade II 7 (11.67%) 6 (10%)

Grade III 5 (8.33%) 3 (5%)

Gastric Insufflation

Yes 9 (15%) 7 (11.67%) 0.789

No 51 (85%) 53 (88.33)

Blood staining of PLMA 

Yes 27 (45%) 7 (11.7%) <0.001

No 33 (55%) 53 (88.3%) 

Sore throat

Yes 23 (38.34%) 9 (15%) 0.007

No 37 (61.66%) 51 (85%) 

PLMA: Proseal laryngeal mask airway

Figure 1. Haemodynamic changes
MAP: mean arterial pressure; HR: heart rate; BMP: beats per minute
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modynamic disturbances at insertion. All techniques except 
the standard technique involve the use of various additional 
aids for insertion. In the classical technique, which is a digital 
technique, excessive force may be required to correctly posi-
tion the PLMA. Here, there is more probability of multiple 
insertion attempts, prolonged insertion time, trauma to air-
way and failure of PLMA insertion.

Brodrik et al. (20) has mentioned the reason for placement 
difficulty, and LMA insertion failure is due to the downfold-
ing  of the epiglottis and backward rotation of LMA in 10% 
of his study population with the recommended standard 
Brain’s insertion technique. Very few studies have been con-
ducted regarding rotation insertion as an alternative method 
for insertion in the adult population (16, 17, 20).

The 90° rotation insertion technique is convenient because 
it does not require additional devices or use of fingers to aid 
insertion. The technique simply consists of insertion of the 
PLMA into the oral cavity, 90° rotation around the tongue 
and advancement (19). It may seem that rotating the large 
cuff inside the mouth may be difficult, but it is easy to insert 
PLMAs using the rotation insertion technique. For patients 
from the Indian subcontinent, a size 3 in females and size 4 
in males were used (21).

In our study, the first attempt success rate of insertion was 
higher for the rotation technique group than for the standard 
technique group (98% vs. 78% with a mean difference of 
20%; p=0.001). The study demonstrated that less time was 
required for PLMA insertion in the rotation group compared 
to the standard group (11.88±3.62 s vs. 25.98±10.92 s; 95% 
C.I – 11.157 to 17.043; p<0.0001). The technique is also ben-
eficial in that it involves less morbidity in the form of a low-
er incidence of post-operative sore throat (15% vs. 38.34%; 
p=0.0067), blood staining of the PLMA (11.7% vs. 45%; 
p<0.0001) compared with the standard technique. The MAP 
increased significantly with the standard technique (p<0.05, 
during insertion 99.8±12.34 mmHg vs. 90.77±7.34 mmHg 
and at 2 minutes after insertion 101.78±12.37 mmHg vs. 
91.77±7.34 mmHg).

Jeon et al. (19) reported a higher success rate at first inser-
tion attempt for the rotation technique group than for the 
standard technique group (100% vs. 83%, respectively; 
p=0.003). In their study, less time was required for PLMA in-
sertion in the rotation group compared to the standard group 
(11±3 vs. 19±16 s, p=0.003). The blood pressure change 
showed a group-insertion interaction effect (p<0.001). Al-
though they claim that the blood pressure effect was statis-
tically significant, the quantum of mean change was trivial 
and of no clinical relevance. Our study showed a greater dif-
ference in the time of insertion between the two groups, but 
the insertion time for PLMA was more or less comparable. 
They might have more experience in the use of the standard 
technique, which could explain the marginally less time for 
insertion with this technique. According to a study by Yun 

et al. (22) in a total of 92 paediatric patients, the systolic, 
diastolic and mean blood pressure and HR increased signifi-
cantly with the standard technique (p<0.001). Yun et al. (23), 
in a study involving a total of 126 paediatric patients aged 3 
to 9 years, concluded that the incidence of sore throat was 
not significantly different (24% vs. 22%, p=0.9), which is in 
contrast to our study. Our incidence of sore throat was less 
with the rotation technique (15% vs. 38.34%, p=0.0067). 
We presume that age and prior oropharyngeal hygiene can be 
confounding factors.

However, our results agree with the findings of Kumar et al. 
(21) although the study was with cLMA, the technique used 
by them is the same as our technique, hence, it is of inter-
est to study their findings. The incidence of trauma (blood 
stained LMA on removal) with the standard insertion tech-
nique was 28% compared to 6% with the rotation LMA 
insertion technique. They remarked that the insertion time 
was similar in the two techniques because the rotation cLMA 
insertion technique could be accomplished in less than 30 s 
86% of the time compared to 78% with the standard cLMA 
insertion technique. They did find a difference between the 
two groups, but it was not statistically significant. Further, it 
can be argued that their definition of insertion time is differ-
ent. They further claim that the frequency of the insertion 
attempts was similar in both the standard and rotation cLMA 
insertion techniques, which is in contrast to our study. How-
ever, their sample size was less robust than ours.

A 180o rotation technique similar to the technique of inser-
tion of our age old oropharyngeal airway is also described. In 
a study conducted by Haghighi et al. (16), they compared 
two methods of cLMA insertion, “classic” versus “simplified” 
airway. Success in the first attempt in the latter group (86%) 
had no meaningful statistical difference compared with the 
classic group (80%, p>0.05). In the classic group, 32% of the 
cLMAs were blood stained compared to 16% in the simpli-
fied group (p=0.06).

The results are comparable to our study. It should be noted 
that their study was on a classic LMA and ours was on the 
PLMA. Our purpose in mentioning this study is because it 
involved a rotation technique, although a different kind. This 
180° rotation technique involves greater rotation, and the de-
vice can be associated with higher torsion and more friction. 
It is our firm opinion that the 90° rotation technique is more 
advantageous, especially for the PLMA insertion.

Conclusion

From our study, we concluded that the success rate for the in-
sertion of the PLMA at first attempt was greater and less time 
was required with the 90° rotation technique compared to the 
standard technique. The rotation technique has an additional 
advantage in the form of fewer hemodynamic changes and 
airway complications. 
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Triad of infective endocarditis, splenic 
abscess, and septicemia caused by 
Brucella melitensis
Shashank Purwar, Sharada C. Metgud, Shankar G. Karadesai, 
Mahantesh B. Nagamoti, Arathi Darshan1, Shreshtha Tiwari2

Abstract:
A 40‑year‑old farmer from the district of North Karnataka who had received treatment for high fever 
of 8 days duration was admitted with fever, dyspnea, and poor general condition. Ultrasonography 
and echocardiogram revealed multiple splenic abscesses, vegetation on atrioventricular valve, aortic 
regurgitation (Grade I–II), and mitral valve regurgitation (Grade II–III), respectively. Brucella melitensis 
was detected in blood culture, and high titers of IgM and IgG anti‑Brucella antibodies were observed 
in Brucella specific serological tests. The patient developed fulminant septicemia and succumbed 
due to multi‑organ failure.
Key words:
Brucella, endocarditis, septicemia, splenic abscess

Introduction

Brucellosis is caused by members of 
bacterial genus Brucella which is a 

facultative intracellular Gram‑negative 
pathogen. Brucellosis is a common but 
neglected disease in India[1] and can 
be treated with antibiotic but is often 
misdiagnosed because of the difficult 
diagnosis and lack of experience with 
laboratory testing. Although North 
Karnataka is endemic for brucellosis, case 
reports are predominantly from Belgaum 
and Bijapur district.[2,3] Seroprevalence 
of Brucellosis from these areas has been 
reported by various authors ranging 
from 5.1% to 19.69%.[4‑6] Hence, in any 
case presenting with pyrexia of unknown 
origin (PUO), high degree of clinical 
suspicion of brucellosis is to be considered. 
We report here a rare case of brucellosis 
with infective endocarditis (IE), splenic 
abscesses and septicemia.

Case Report

A 40‑year‑old farmer from the district of 
North Karnataka was admitted to KLE 
Dr. Prabhakar Kore Hospital and Medical 
Research center, Belgaum Karnataka with 
high fever (102°F‑104°F), chills and rigors 
with associated toxic features. Eight days 
earlier, the patient was admitted at another 
health‑care facility and received ofloxacin 
and ceftriaxone for similar complaints. 
The patient took discharge against medical 
advice after the fever had disappeared after 
48 h of antibiotic treatment only to reappear 
after 6 days necessitating the admission to 
our hospital in serious condition.

The patient was engaged in cattle rearing 
since a long time had undergone balloon 
mitral valvoplasty 4 months earlier for 
IE of unknown etiology. There was no 
other history of significant illness. Clinical 
examination detected tenderness in the 
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left hypochondrium and holosystolic and a soft 
diastolic murmur at the apex on auscultation. The 
patient was empirically put on cefoperazone plus 
sulbactam, aztreonam, and tetracycline antibiotics. 
Ultrasonography of abdomen revealed multiple 
splenic abscesses. Vegetations on atrioventricular 
valve, aortic regurgitation (Grade I–II) and mitral 
valve regurgitation (Grade II–III) were detected on 
echocardiogram.

Laboratory findings
Blood samples were submitted for culture, serology, 
and biochemical investigations. Remarkable findings 
included erythrocyte sedimentation rate 118, fasting 
blood sugar 310 mg/dl, urea 150, creatinine 2.5, 
total bilirubin 5.2, aspartate aminotransferase: 265, 
alanine aminotransferase: 98, alkaline phosphatase: 195, 
sodium: 134, potassium: 4.6, bicarbonates: 11, chloride−: 100. 
Chest X‑ray was normal.

The serum sample of the patient was negative for Widal, 
HIV, and hepatitis B surface antigen but provided strong 
agglutination reaction in Brucella slide agglutination 
test. The serum was then subjected to Brucella standard 
tube agglutination test (STAT) along with. The serum 
was also tested to differentiate IgM and IgG titers using 
2‑mercapthoethanol (2‑ME) parallel to phenol saline 
used in STAT. End titers were 2560 IU/ml in STAT 1:640 
dilution of serum in 2‑ME using 50% agglutination as 
cutoff. The blood was inoculated to brain‑heart infusion 
medium poured in biphasic manner (Castaneda method) 
and incubated at 37°C.

The positive findings of high anti‑Brucella antibodies 
were conveyed to the attending physician who 
promptly changed the antibiotics to injection rifampicin, 
streptomycin, and tetracycline. However, the patient 
deteriorated and developed hypotension, seizures and 
dyspnea, requiring ventilator support. The patient 
died within 36 h of admission and cited causes of death 
included septicemia, multi‑organ failure, ARDS (acute 
respiratory distress syndrome), disseminated 
intravascular coagulation with IE due to Brucella.

The blood culture yielded growth after 9 days. The 
growth was of a single type and identified as Brucella 
on the basis of Gram stain morphology, positive oxidase 
test, and rapid hydrolysis of urea as demonstrated in 
Christensen’s urease medium. The isolate was identified 
as Brucella melitensis based on growth on dye‑containing 
media, 1:50,000 Thionin and Basic fuchsin.

Discussion

The patient had been exposed to definitive risk 
factors for Brucella infection because of being engaged 

in cattle rearing. He belonged to an area endemic 
for brucellosis but the risk factors probably got 
overlooked, and brucellosis was not suspected anytime. 
Diagnosis of brucellosis is often missed and it has been 
well‑acknowledged fact that actual incidence of human 
brucellosis may be 25 times than reported cases[7] mostly 
because of misdiagnosis which is usually ascribed to 
protean manifestations of brucellosis and also to repeated 
phases of remissions/exacerbations.

Farmers living in close quarters of cattle sheds and using 
cattle for tilling fields are at higher risk for acquiring 
brucellosis because Brucella bacterium survives for a 
considerable time in dung, dust, excreta, aborted fetus, 
and products of conception and can establish infection 
through inhalation. In areas endemic for brucellosis, 
even in the absence of history of consumption of 
unboiled milk/milk products aforementioned factors 
shall be considered in patients who may be exposed 
to risk factors for brucellosis. Focal lesions other than 
osteoarticular can be seen in up to 30% of the untreated 
cases of brucellosis and diagnostic delay >30 days, has 
been found to be a significant independent variable 
associated with the presence of focal forms in brucellosis, 
with osteoarticular forms being more common and those 
affecting the heart and the central nervous system being 
more severe.[8]

STAT provides an estimation of total antibodies whereas 
2‑ME test which was set up in parallel to Brucella STAT is 
looked on as an indicator of the amount of anti‑Brucella 
IgG agglutinins present in the serum because 2‑ME 
dissolve the disulfide bonds that link IgM molecules to 
release the subunits, thus inactivating the IgM antibodies. 
During the remissions phase of illness, the predominant 
titers are IgG, whereas at the time of overt symptoms rise 
in IgM titers or combined rise of IgG and IgM titers is 
observed. In this case, end titers in STAT were observed 
in dilution double than that seen in 2‑ME, suggesting a 
significant level of IgG antibodies in addition to high 
level of IgM antibodies implying acute exacerbation of 
the long disease process.

Endocarditis and cardiac failure cause mortality in 
3%–5% of cases of brucellosis and Brucella may infect 
normal as well previously damaged/congenitally 
malformed heart valves.[9] Brucella endocarditis is 
a destructive process predominantly involving the 
aorticvalve and perivascular tissues. Even a single 
episode of transient bacteremia is sufficient to seed the 
damaged or excoriated endothelium, and consequent 
vegetation formations. Splenic abscess is a very rare 
complication of brucellosis; 0.2%–0.7% incidence has 
been reported in a large autopsy series[10,11] and not much 
is known about the exact pathophysiology of the splenic 
abscess, but hematogenous spread is only plausible route. 
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Blood culture yields in Brucella infection vary from 15% 
to 70% and dependent on stage of infection.[12] Diagnosis 
of hepatosplenic brucellosis is considered difficult and 
mostly based on radiological findings and serology, but 
Brucella is rarely recovered in these cases.[13] In this case, 
the presence of vegetations on heart valves, multiple 
abscesses in spleen suggest multi‑organ involvement and 
isolation of only one organism viz. Brucella from blood 
culture coupled with high level of specific anti‑Brucella 
agglutinins prove causative role of Brucella in genesis of 
septicemia and the consequent demise of this patient.

Conclusion

Brucella IE and splenic abscess are rare complications of 
brucellosis and reports of septicemia are too rare. To the 
best of our knowledge, triad of IE, splenic abscess and 
septicemia has never been reported and physician shall 
consider brucellosis as one of the differential diagnosis 
in all cases of PUO/acute undifferentiated fever and 
also in cases presenting with one of the focal lesions only 
especially in endemic areas.
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Tumour at an Unusual Site

CASE REPORT
A 54-year-old male presented with mass per abdomen in the lower 
quadrant for last one year which was progressively increasing in 
size. Patient also had loss of appetite, weight loss and constipation. 
Patient denied any urinary symptoms. There was no significant past 
history of any systemic disease. 

On systemic examination, a mass was noted in the left iliac fossa 
3 cm below the umbilicus which was irregular, immobile, firm and 
hard in consistency. An ultrasound guided fine needle aspiration 
was performed and reported as atypical lipoma in a private hospital. 
Findings were presence of adipocyte fragments, area of necrosis, 
foamy macrophages and some of the adipocytes with atypical 
features in the form of nuclear indentation with hyperchromatic nuclei 
and vacuolated cytoplasm. Contrast enhanced axial CT (CECT) 
showed an evidence of heterogeneously enhancing retroperitoneal 
mass on left side [Table/Fig-1]. MRI pelvis showed a large lobulated 
T1 and T2 hyper-heterointense retroperitoneal mass in presacral 
region measuring 18 cm × 13 cm × 7.8 cm and was reported as 
liposarcoma. An exploratory laparotomy and surgical excision was 
done and specimen was sent for histopathological examination. 

Grossly, single fibro-fatty tissue mass measuring 16 cm × 9 cm × 4 
cm was received [Table/Fig-2]. External surface was encapsulated 
with areas of congestion. On the cut section, it was yellowish, 
greasy with areas of haemorrhage [Table/Fig-3]. On microscopic 
examination [Table/Fig-4,5] tumour tissue comprised of lobules 
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AbSTRACT 
A myelolipoma is a rare, well circumscribed, benign tumour composed of mature adipose and haematopoietic tissue. Classical 
location is adrenal gland but extra-adrenal cases are also reported in the presacral region, liver, mediastinum, perirenal, stomach 
with most common site being the presacral area. Only few cases of extra-adrenal myelolipoma have been reported in literature 
till now with an incidence of 14% of all myelolipomas. Differential diagnosis includes liposarcoma, teratoma, and extramedullary 
haematopoiesis. Histopathological diagnosis plays a major role in confirmation but also requires concordance of CT, MRI, and 
Guided biopsy. Extra-adrenal myelolipomas are very rare and their presence and location can be easily confused with malignant 
tumour. We present this case in a 54-year-old male with mass per abdomen and weight loss since one year. 

[Table/Fig-1]: CECT showed heterogenously enhancing retroperitoneal mass. [Table/Fig-2]: Gross photograph of myelolipoma measuring 16 cm × 9 cm × 4 cm. [Table/
Fig-3]: Cut Section having yellowish greasy with areas of haemorrhage. 

of mature adipose tissue interspersed with haematopoietic cells. 
Individual adipocytes were large, round with eccentrically placed 
small nucleus and abundant clear cytoplasm. It was reported as 
myelolipoma and sent for immunohistochemistry for confirmation. 
Immunohistochemistry study with myeloperoxidase for myeloid cells 
[Table/Fig-6] and CD61 for megakaryocytes was positive, confirming 
our histopathological diagnosis of myelolipoma [Table/Fig-7]. 

Post-operative recovery of the patient was uneventful. Patient did 
not comply with the postoperative follow up advice.

DiSCuSSiOn
Myelolipomas are rare benign neoplasms characterized by 
the presence of mature adipose tissue and variable amount 
of haematopoietic tissue most commonly occurring in adrenal 
gland [1]. Adrenal myelolipomas are more common and account 
for incidence of 15% of incidental adrenal masses. There have 
been only few case reports of extra-adrenal myelolipoma in the 
current literature [1-9]. It occurs in 6th-8th decade with a female 
to male predominance of 2:1 [1-9]. Myelolipoma can manifest 
in various clinicopathological patterns such as: extra-adrenal 
myelolipoma, solitary adrenal myelolipoma, adrenal myelolipoma 
with haemorrhage, and myelolipoma associated with other adrenal 
diseases [2]. This case report alerts to the possibility of myelolipoma 
as a differential diagnosis in fat containing tumour [1].

Extra-adrenal myelolipomas are very rare and about half of which 
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occur in retroperitoneal space and presacral region as found in our 
case too. Other common sites are perirenal, mediastinum, liver and 
stomach [1-3]. Out of these, pre-sacral region is common, accounting 
for half of the cases. Presacral myelolipoma have a predilection 
towards females in fifth to seventh decades [1]. The symptoms are 
directly related to size of the tumour, although, majority are small 
and incidental. But, there are few case reports with large mass 
measuring upto 26 cm in literature [1]. Myelolipomas are associated 
with conditions like cushing’s syndrome, addison’s disease, adrenal 
hyperplasia, and chronic use of exogenous steroids [4]. 

Although, the etiology is unknown, some theories about the 
pathogenesis of extra-adrenal myelolipoma suggest that they occur 
due to: (a) embolization of bone marrow tissue; (b) reactivation of 
peritoneal embryonic connective tissue, in response to a triggered 
stimulus, like an endocrine dysfunction or in septic conditions [2].

Imaging characteristics of extra-adrenal myelolipomas are similar 
to adrenal counterparts. If the tumour predominantly contains 
erythroid/myeloid cells then it appears as a hypoechoic mass 
on ultrasonography if it predominantly contains fat. On CT scan, 
appearance depends on composition of the lesion and often appears 
as encapsulated mass with macroscopic fatty tissue admixed with 
areas of soft tissue which suggests the diagnosis of myelolipoma. 
On MR imaging, fat component yields high intensity on T1-weighted 
images and haematopoietic elements will have lower signal intensity 
on T1-weighted images and intermediate on T2-weighted images 
[5].

Differential diagnosis for myelolipoma when located in retroperit-
oneum is mainly lipoma, liposarcoma, teratoma and even 
extramedullary haematopoiesis. Liposarcomas can be differentiated 
because of their infiltrative growth pattern [6]. 

Extra-medullary haematopoiesis resembles myeloliopma, however 
their imaging characteristics are quite different as they are multifocal, 
poorly circumscribed and with insufficient macroscopic fat. Clinically 
extramedullary haematopoiesis is seen in young to middle aged 
men and in association with myeloprolifrative disorders and chronic 
haemolytic anaemias [5]. 

Teratomas can be differentiated by the presence of derivatives from 
other germ cell layers.

Imaging modalities are of little help in cases of fat containing tumours 
as they exhibit overlapping features. Thus, histopathological 
examination is a cornerstone for diagnosis of myelolipoma and 
confirmation with immunohistochemistry [1].

Immunohistochemistry markers like myeloperoxidase, glycophorin 
A, factor VIII-related antigen and CD68 which stains myeloid, 
erythroid and megakaryocytic cells respectively aids in confirming 
the histopathological diagnosis [7].

COnCLuSiOn
Myelolipomas are rare benign tumours that can have both 
locations: adrenal and extra-adrenal. Imaging studies typically 
reveal heterogeneous lesion predominantly fat-containing masses 
with areas of enhancing soft tissue. Histopathological confirmation 
is mandatory for extra-adrenal myelolipoma mainly to rule out 
malignancies like liposarcoma. 
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[Table/Fig-4]: Adipose tissue admixed with trilineage haematopoietic cells (H&E, 10X). 
[Table/Fig-5]: High power showing megakaryocytes and myeloid cells (H&E, 40X).

[Table/Fig-6]: Myeloperoxidase positive for cytoplasmic granules of myeloid cells 
(IHC 40X). [Table/Fig-7]: CD61 positive for megakaryocytes showing membrane 
positivity (IHC 40X).
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ABSTRACT
Introduction: A newborn infant or neonate is a child under 28 days of life”.1The rst 28 days of life is considered as a critical age, where there is a 
higher chance of neonatal mortality and morbidity. The most common infections in neonates are congenital herpes, Group B streptococcus, 
toxoplasmosis and other types of the medical conditions.2  hence, to reduce the neonatal mortality and morbidity preventive steps like appropriate 
breast feeding and care is required.
Objectives: To know the total health care expenditure incurred during Neonatal period, in the year 2014- 2015 and to know the various factors 
inuencing the health care expenditure for neonates of family residing at Urban Field Practice Area of Ram Nagar of Belagavi city. 
Methodology: A community based cross-sectional study was carried out among 100 mothers who had delivered their baby within the period of 1st 
Feb 2015 – last of the Jan 2016 (12 months) using pretested, self administered questionnaire.   The study was conducted at Ram Nagar, a urban 
Belagavi district, India. A simple random sampling technique (Lottery method) was used to select the participants. Ethical clearance and informed 
consent were taken from the concerned authority and participants prior to conduction of study. Data was analyzed using appropriate statistical tools 
in SPSS 20. Data was presented on tabular and graphical form as per necessity. 
Result: The majority i.e. 44% of the respondent were belonged to socio economic status of class IV. 89 percent had suffered from illness during the 
neonatal period out of which 36.4 percent of the participants had suffered from cough, followed by fever i.e. 34.5 percent and very least number of 
participants  had  suffered  from  Pneumonia  i.e.  6.1  percent.  61.8  percent  of  the respondents sought for the private doctor when their child was 
ill. The total expenditure spent for the 88 ill neonates was Indian Rs 944949. The per capita expenditure for medicines was the highest i.e. Indian Rs 
3140.636 which was 29.24 percentages of the total expenditure. 56.5% of the respondents spent the money from their own pocket for the health care 
of their neonates;
72.72% of the families had catastrophic health expenditure. Out of the total health expenditure,
78.8% was direct cost and the remaining 21.17 was an indirect cost.
Conclusion: Community health insurance has to be encouraged and the people should be made
aware on the proper utilization of the public health services to reduce the catastrophic health expenditure.

KEYWORDS:
Neonatal, catastrophic expenditure, health care, direct cost, indirect cost.

Introduction:  A newborn infant or neonate is a child under 28 days of 
1life”. The rst 28 days of life is considered as a critical age, where there 

is a higher chance of neonatal mortality and morbidity.  Hence,  to  
reduce  the  neonatal  mortality  and  morbidity  preventive  steps  like 
appropriate breast feeding and care is required.

Globally, 9.2 million children die every year before within their fth 
birthday and 2.9 million babies die during the rst month of their life 
(new born period). In the year 2015 around 45 percent (i.e. 2.7 million) 
of all under-ve deaths occurred during this period. Out of whichone 
million neonatal deaths occurred on the rst day of life and around two 
million die in the rst week of life. The rst day of the life is considered 
as a very dangerous day in the life of the child both in the developed 
and under developed countries. Each year 1,049,300 children die on 
the rst day of their life, which is 15% of the under ve deaths each 
year. The situation is more serious on Asia & Pacic. These deaths 
could be prevented by increasing the spending on neonatal health care. 
Spending on health is just US dollar 26 per capita per year in South 
Asia (Afghanistan, Bangladesh, Bhutan, India, Nepal & Pakistan). 
Nations must concentrate their attention towards the quality delivery 
care at the time of birth and during the neonatal period.
In India, every year 27 million babies are born, which is 20% of the 
global births. Out of which one million die before the rst four weeks 
of their life, 40% of the neonatal death occurs in the rst day of life.  
This is about 25% of the total neonatal deaths worldwide. At present 
the neonatal mortality rate (NMR) of India is 39 per 1000 live births 
(NFHS-3; 2005-06). The NMR is also affected by the rural- urban and 
socioeconomic condition. The leading causes of the neonatal deaths in 
India are infection, asphyxia and the prematurity, which is similar to 
the global pattern. The states like Kerala where the institutional 

5delivery is high accounts less neonatal in comparison to other states.
In rural Karnataka unhealthy newborn care practices are more 
common for example cord cutting by unhygienic equipments, delayed 

6in breast feedings, throwing of clostridium milk, and early bathing. 

In the developing country like India, the socio economic status of the 
population is very low and at the same time the expenses (including 
direct & indirect expenses) for neonatal care is high. The high health 
care expenses are the barrier between the people and health facilities. 
Largely because of the high expenses, the neonatal mortality and 
morbidity is high in India.

The community based studies regarding the health care expenditure 
pattern of the family on neonatal care are very few. Hence, the present 
study is designed to know the total expenditure of the family on 
neonatal care and also to   know the various factors inuencing the 
health care expenditure for the care of neonate (during the age of 28 
days) residing at Urban eld Practice area of Urban Health Centre 
(UHC) Ram Nagar of Belagavi city.

Material & Methodology:
Study design and period: A community based cross- sectional study 

st st was conducted over a period of 12 months from 1 Feb. 2015 – 31 Jan. 
2016
Study area: Ram Nagar, Belagavi district, Karnataka, India

The sample size was calculated by using the formula n= Sample size: 
24pq/d , (assuming the prevalence of neonatal care expenditure as 50%)

Where, n= sample size
p= Out of pocket expenses of the family for the neonate care assume to 
be 50%
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q= 100- p= 50%
d = 10% Absolute error (10% of p) Now,

2n = 4pq/d
24x50x50/10 = 10,000/100 = 100

Hence, the sample size for the study was estimated as 100.
Sampling technique: Simple random sampling method (i.e. lottery 
method)Inclusion criteria: Mothers of Rama Nagar, who had delivered 

st st the baby within the period of one year i.e. 1 June 2014 to 31 of the May 
2015

Ethical  clearance:  Ethical  clearance  taken  from  Institutional  
Ethics  Committee  (IEC)  ofJ.N.M.C,  KLES,  Belagavi  and  
informed  consent  were  taken  from  participants  prior  to
conduction of study.

Tool of data collection: A pretested and predesigned questionnaire 
was used to collect the data.
Statistical analysis: Data was analyzed using appropriate statistical 
tools in SPSS 20. Data was presented on tabular and graphical form as 
per necessary.
Results: The study was conducted in the year 2015 /16 with total 
sample of 100. 79% of the respondents were  female  and  73% of the  
i n f o r m a n t s  w e r e   m o t h e r.  Ta b l e   n o .  7   s h o w s  t h e
distribution of the  study participants as  per  the  respondent's 
occupation.  According to  the modied B.G. Prasad's classication of 
socio-economic status maximum i.e. 44% of respondent
belonged to class IV (see table no. 1). 86% of the study respondents did 
not have any type of health insurance facility. Out of hundred study 
p a r t i c i p a n t s ,  8 9 %  h a d  s u f f e r e d  f r o m  i l l n e s s  d u r i n g
the neonatal period. The distribution of the study participants as per the 
type of illness is given in table no. 7.

Table No. 1: Distribution of the study par1icipants as per the types 
of socio economic status:

98.9% of the ill neonates got treatment at health facilities where as 
1.1% of the neonate got only home treatment when they were ill. Out of 
89 ill neonates 98.9% sought health care outside the home (i.e. health 
institutions) and 1.1% had gone for home remedy for the treatment of 
illness. Out of those who sought health care outside the home, 62.5% 
had sought for private doctors (see table no. 4). 39.8% of the ill 
neonates had required admission at health institution. 38.9% of the ill 
neonates were admitted for more than 10 days followed by 22.2% 
admitted for 4 to 6 days, 25% for 1-3 days and very least i.e. only 
13.9% of the neonates were admitted for 7 to 9 days for the treatment. 
Total expenditure for 88 ill neonates as a study subjects was IRs 9, 
44,949.00/- ($13,849.46) and Per capita expenditure per episode was 
IRs 10,738.05/- ($157.380) (see table no.5). The study showed that 
56.5% of the respondents spent the money from their own pocket for 
the health care of their neonates; however some of the respondents also 
borrowed from others i.e. 34.4% and very minimal respondents i.e. 
0.8% had to mortgage their goods for the money for the  care  of  their  
neonates  (table  no.  6).  72.72%  of  the  families  had  catastrophic  
health expenditure on neonate. Out of the total health expenditure, 
21.17% was indirect cost like travelling and food expenses.

Table No.2: Distribution of the study participants as per the 
religion, type of family, and the type of house they live in.

Table No. - 3: Distribution of the study participants as per their 
choice of health care provider. (n=88)

Table No.  5: Distribution of the study participants as per the 
expenditure patterns by the family for the neonatal illness. (N=88)

Table No. - 6: Distribution of the study participants as per the 
source of money spent as a health expenditure

Table no. 7: Distribution of the participants as per their 
occupation

Discussion:
Family socio- demographic data
The study showed that 79 percent of the informants were female. 
Among the informants about the neonates, 73% were mothers, 
followed by father i.e. 20%. The study showed that 54 percent of the 
respondents were Hindu, 43 percent were Muslim and 3 percent were 
belonged to the other religions. The study reported that as per the 
modied BG Prasad's classication of socio- economic status 44 
percentage of the respondents belonged to the class IV, followed by 
class V i.e. 28 percentage. The respondents belonged  to  the class  II  
and  III  were 12  &  12  percentage respectively  and  only  4  percent  
of  the respondents belonged to the socio economic status of class I.

ISSN No 2277 - 8179 | IF : 4.176 | IC Value : 78.46VOLUME-6  ISSUE-7  JULY-2017| |

SN Socio economic status Frequency Percentage

1 Class I 4 4

2 Class II 12 12

3 Class III 12 12

4 Class IV 44 44

5 Class V 28 28

Total 100 100

SN Variables Frequency Percentage
1 Religion

Hindu 43 43
Muslim 54 54
Others 3 3
Total 100 100

2 Type of family
Nuclear 44 44

Joint 56 56
Total 100 100

3 Type of house they live in
Own house 59 59

Rented house 41 41
Total 100 100

SN Choice of health care provider Frequency Percentage
1 ANM 1 1.1
2 Anganwadi worker 1 1.1
3 Gov. Doctor 25 28.4
4 Pvt. Doctor 55 62.5
5 Pharmacists 6 6.8
6 Quack 0 0

Total 88 100

SN Particulars Total 
expenditure in 

Expenditure in Rs.
Per capita

Perce
ntage

1 Doctor's 
consultation fee

1,31,550 
($1,928.03)

1494.886 ($21.90) 13.92

2 Admission Charge 2,04,703 ($ 
3,000.19)

2326.17 ($34.09) 21.66

3 Investigation 132,145 
($1,936.75)

1501.647 ($22.008) 13.98

4 Medicines 2,76,376 
($4,050.65)

3140.636 ($46.030) 29.24

5 Travelling cost 79,000 (1,157.84) 897.727 ($13.157) 8.36

6 Expenses for food 91,525 (1,341.41) 1040.056 ($15.243) 9.68
7 Miscellaneous 29,650 ($434.55) 336.931($4.938) 3.13

Total 9,44,949 
($13,849.46)

10,738.05 
($157.380)

100

SN Source of money spent Frequency Percentage
1 Own pocket 74 56.5
2 Borrowed from others 45 34.4
3 Health Insurance 5 3.8
4 Selling of family belongings 6 4.6
5 Mortgage of goods 1 0.8

Total 131 100

SN Particulars Frequency Percentage
1 Occupational status

1.1 Farmer 5 5
1.2 Laborer 9 9
1.3 Self- employed 9 9
1.4 Gov. service 11 11
1.5 Pvt. Service 26 26
1.6 Unemployed / homemaker 40 40

Total 100 100
2 Type of illness Frequency Percentage

2.1 Pneumonia 10 6.1
2.2 Diarrhea 23 13.9
2.3 Fever 57 34.5
2.4 Vomiting 15 9.1
2.5 Cough 60 36.4

Total 100
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 The study reported that maximum i.e. 59% of the Family details:
respondents had their own house. 72% were under BPL, 86% 
respondent's family had no any type of health insurance.

The study conducted out in rural Vietnam in the year 2001 reported that 
only 2% of the patients were beneted from the health insurance which 
created the severe economic problem in the families who hadthe  poor  

24  socio  economic  status. Another  study  to  assess  catastrophic  
household  expenditure  on childhood illness in an urban slum in 
Bijapur in 2009 illustrated that out of 190 households, only 13 
households were having some forms of health insurance and 30 
households were planning to have some forms of health insurance very 

14soon.

Child Data: The study showed that 89 percent of the study neonates 
had suffered from some types of illness during the neonatal period. It 
showed that cough was the leading cause of illness among the neonates 
i.e. 36.4%, 34.5% had fever, 13.9% had diarrhea, 9.1% had vomiting 
and only 6.1% of the neonates had suffered from Pneumonia.

A study conducted on mother's health services utilization and health 
care seeking behavior during infant rearing: a longitudinal community 
based study in South West Ethiopia in 1992 showed that 46.5 
percentage of the baby had suffered from diarrhea, followed by cough 

16i.e. 42.7 percent. 

Health seeking practice of patients: The study showed that 
maximum i.e. 98.9% of the neonates got treatment at health facilities 
when they were ill. Out of 89 neonates who had suffered from some 
types of illness  during the neonatal period,  97.8  percent  had  sought  
health care outside their  home and the remaining 2.2 percent did not 
preferred to go outside the home for the treatment. Out of those who 
had sought health care outside the home, 62.5 percent had consulted 
the private doctors followed by government doctors i.e. 28.4 percent, 
6.8 visited pharmacists, and those who had visited to ANM and 
Anganwadi workers was 1.1 and 1.1 percent respectively. Out of those 
who had visited health care facilities, 39.8 percent had required 
admission Out of those who had admitted, maximum i.e. 38.9 percent 
of the neonates had been admitted for more than 10 days, for their 
treatment.

A study conducted in Uganda in the year 2005-2007 for the rst outside 
consultation showed that 36 percent of the respondents went to the 
government hospital, 25 percent went to private providers, 20 percent  
to  government  health  centers,  and  the  remaining  7  percent  went  

28 to  NGOs  clinics  for  the treatment. A longitudinal study conducted 
in Ethiopia in the year 1992-1994 showed that 45 percent of the 
mothers seek help for their infant in health institutions, followed by 

16home remedies i.e. 24 percent. 

Expenditure patterns of the family for the treatment of their ill 
neonate: The present study showed that the per capita expenditure for 
medicines was Indian Rs 3140.636 which was 29.24 percent of the 
total  expenditure,  for  Admission charge was  IRs  2326.170  
(21.66%),  for  investigation  was  IRs 1501.647  (13.98%),  for  
doctor  consultation  was  IRs  1494.886  (13.92),  for  food  expenses  
was  IRs 1040.056 (9.68%), and it was IRs 897.727 (8.36%) for 
travelling, for the treatment of their ill neonates. The study also showed 
that the per capita expenditure for the miscellaneous works like buying 
dolls for neonates was IRs 336.931 (3.13%). Total expenditure for 88 
ill neonates as the study subjects was IRs 944,949.00. Per capita 
expenditure per episode was IRs 10,738.05. Among the 88 families 
whose neonate had been ill, 56.5 percentage spent money from their 
o w n  p o c k e t ,  f o l l o w e d  b y  b o r r o w e d  f r o m  o t h e r s  i . e .
34.4 percent and only 0.8 percent of them spent by mortgage of goods.
The study showed that direct cost was 78.8 percent and the indirect cost 
was 21.17 percent of the total expenditure for the treatment of neonate.

A study conducted in Vellore, India in the year 2008 showed that the 
doctor's visit cost comprised 59 percent, diagnostic costs 25 percent 
and medication cost was 29 percent of the total direct costs at Christian 
Medical College (CMC) where as it was 81 percent, 0 percent and 12 
percent for doctor's visit cost, diagnostic cost and medication cost 

13respectively. 

Conclusion and recommendations:
Community health  insurance  has  to  be  encouraged.  –  Awareness  
programmes  have  to  be conducted to include more families in to 

health insurance and also encourage participation in Self Help Groups / 
Mahila Mandals. The people should be made aware on the proper 
utilization of the public health services to reduce the catastrophic 
health expenditure.
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Introduction

The importance of cellular cholesterol homeostasis has 
been well documented in modern biology. Cholesterol is 
needed to maintain the membrane structure and metabolic 
activities of cells (Brown et al., 1974). Although the 
literature claims that an over accumulation of cholesterol 
is toxic to cells (Zhang et al., 2003; Ishikawa et al., 2008), 
a number of observations also have noted an intimate 
relationship between intracellular cholesterol homeostasis 
and its feedback regulation of cellular proliferation and 
chromosomal maintenance (Brown et al., 1974; Witte 
et al., 1982; Siperstein MD, 1984; Dessi et al., 1997). 
Intracellular cholesterol homeostasis is maintained by the 
joint performance of intracellular cholesterol biosynthesis 
and receptor-mediated LDL cholesterol endocytosis 
(Brown et al., 1986).

Intracellular saturation of sterols (e.g., cholesterol) 
down-regulates the expression of LDL receptor (LDLR) 
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on surface membranes, which has been shown in various 
cell types including fibroblasts (Brown et al., 1975), 
lymphocytes (Ho et al., 1976; Yen et al., 1995), and 
hepatocytes (Havekes et al., 1986). LDLR expression is 
regulated by sterols via sterol regulatory element (SRE) 
(Smith et al., 1990). This DNA element binds to Sterol 
Regulatory Element Binding Proteins (SREBPs), a family 
of endoplasmic reticulum-generated transcription factors 
that are processed through the Golgi apparatus and activate 
ldlr-gene expression (Brown et al., 1997) after entering 
into the nucleus. The intracellular saturation of cholesterol 
down-regulates LDLR and SREBP2 transcription. 
SREBP2 is a potent regulator of the ldlr promoter in 
normal cells but not in cancer cells (Chen et al., 2001).  

Several studies have provided the evidence for 
low plasma cholesterol in patients diagnosed with 
carcinoma (Feinleib M., 1983; Kreger et al., 1992). 
Hypocholesterolemia is a common finding in several 
malignant disorders, including acute myelogenous 
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leukemia, chronic myeloproliferative disorders, and 
colon cancer (Vitols et al., 1985; Vitols, 1991). It is 
unclear whether cholesterol is a risk factor for the 
development of malignancy or is secondary to the cancer 
(Vitols, 1991). Human leukemic cells and certain tumor 
tissues, as compared to the corresponding normal cells or 
tissues, display greater receptor-mediated uptake of LDL 
cholesterol(Peterson et al., 1985).

A relationship between the expression of PBR 
(peripheral type benzodiazepine receptor) and its nuclear 
localization and its role in mediating the transport of 
cholesterol into the cell nucleus has been reported 
in proliferating breast cancer cells of an aggressive 
phenotype (Hardwick et al., 2002). Cancer cells have 
increased metabolic requirements that are due, in part, to 
increased cell proliferation and mitochondrial biogenesis. 
PBR functions alter mitochondrial lipid metabolism 
(Ravagnan et al., 1999). It is not yet clear whether PBR is 
a cholesterol channel on the nuclear membrane in all types 
of malignancy or only an incidence in breast carcinoma, as 
reported previously (Hardwick et al., 2002). Cholesterol 
is now found in chromosomes within the nucleus (Albi 
et al., 2004). This evidence regarding LDLR, SREBP2, 
and PBR has been targeted in this study to determine the 
plausibility of any direct link between their intra-cellular 
regulation and intra-nuclear cholesterol deposition or 
homeostasis, as compared to control subjects.

Materials and methods

Materials and reagents
Enzyme-based plasma lipid profile estimation 

kits (total cholesterol, LDL- and HDL cholesterol) 
were purchased from ERBA Diagnostics Gmbh, 
Mannheim, Germany. Lymphoprep solution for 
the isolation of peripheral blood lymphocytes was 
obtained from Axis-shield, Oslo, Norway. Enhanced 
chemiluminescence reagent and primary antibodies for 
LDLR, SREBP-2, and PBR were bought from Santa Cruz 
Biotechnology, Inc, Santa Cruz, CA, USA. Secondary 
antibodies with HRP conjugates were from Bangalore 
Genei, Bangalore India. Nitrocellulose membranes 
were obtained from Genotech Inc. CA, USA. Dil 
(1,1′-dioctadecyl-3,3,3′,3′-tetramethylindocarbocyanine 
perchlorate) was purchased from Sigma, St. Louis, MO, 
USA. All other chemicals used were of analytical-reagent 
grade. Fresh human plasma for the LDL isolation was 
obtained from the Blood Bank, All India Institute of 
Medical Sciences, New Delhi, India, maintaining all the 
guidelines and ethical regulations of the institute. LDL 
was isolated according to the procedure of Havel et al. 
(Havel et al., 1955). 

Study design
Participants

In this case-control study, seventy-five male individuals 
(twenty-five in each of the following categories) older than 
50 yr of age were included as study population according 
to the stipulated guidelines of and clearance from the 
Ethical Clearance Committee, AIIMS, New Delhi, India. 
There was approximately 90% overlap between untreated 

and treated subjects, i.e., the same subject participated 
in the untreated and treated groups. Approximately 
10% of participants with chronic lymphocytic leukemia 
(CLL) discontinued themselves from the longr treatment 
protocol and left the clinic for their own reasons. All the 
participants were selected randomly. The normal subjects 
were recruited for the study after undergoing a routine 
clinical screening procedure; being aware about the 
importance of the study, and acknowledging  their consent. 
Similarly, the patients in the second group were included 
based on prefixed criteria determined by the clinics, and 
written informed consent was obtained prior to their 
involvement in the study. Each patient’s  disease history,  
blood lymphocyte counts, immune-phenotyping, and 
other investigations, as decided by the hospital clinic of 
the outpatient unit, was obtained, in addition to . Subjects 
were also screened for any drug intake expected to affect 
lipid metabolism.

Sample collection 
Blood samples (10 –12 ml) were aseptically drawn 

from the superficial veins of each of the study subjects. 
Whole blood was used for the lymphocytes isolation. 
Plasma was used for the lipid profile measurement. 
Plasma was separated from whole blood using a routine 
laboratory protocol.

Isolation of peripheral blood lymphocytes (PBLs)
Peripheral blood lymphocytes were isolated according 

to the modified method of Böyum (Böyum, 1968). In brief, 
whole blood (10 ml) with anticoagulant was mixed with 
10 ml of 0.15 M NaCl. Then, the blood-NaCl mixture 
was layered onto 10 ml of Lymphoprep in a centrifuge 
tube (50 ml Falcon). The mixture was then centrifuged at 
1400 rpm at 25°C for 40 min. The white interphase layer 
(predominantly lymphocytes) was collected and mixed 
with 30 ml of Hank’s balanced salt solution. The mixture 
was then centrifuged at 1,400 rpm for 10 min at 25°C 
to collect the lymphocyte pellet. The lymphocytes were 
resuspended in RPMI 1640 medium and centrifuged at 
1,000 rpm for 10 min at room temperature; this step was 
repeated twice. The pure lymphocyte pellet (PBL) was 
stored for the following experiments.

Preparation of lysate from isolated PBLs
PBLs were isolated from blood and the cells were 

washed twice in ice-cold PBS. The cells were pelleted 
by centrifugation at 2500 rpm for 5 minutes at 4°C. The 
supernatant was discarded, and the pellet was resuspended 
in lysis buffer containing 50 mM Tris–HCl (pH=7.4), 300 
mM NaCl, 0.5% (v/v) Triton X-100, 5 mM EDTA with 2 
mM PMSF, 10 mg/mL leupeptin and 10 U/mL aprotinin 
and then lysed by strong vortexing. The volume of the used 
lysis buffer was approximately 5–10 times the volume of 
the pellet. This lysed suspension was kept on ice for 30 
minutes and then centrifuged at 12,000 rpm for 15 minutes 
at 4°C. The supernatant was collected and stored at 4°C. 
Protein content was estimated using the Bradford method 
(Bradford MM., 1976) before performing SDS-PAGE on 
the lysate.
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Isolation of nucleus and cytoplasm of lymphocytes
Isolated lymphocytes were pelleted by centrifugation 

at 2,000 rpm at 4°C for 5 minutes. Then, 2 x 106 cells were 
washed in ice-cold PBS. The cell pellet was re-suspended 
in 300 µl of ice-cold nuclei preparation buffer (10 mM 
Tris-HCl pH 7.4, 10 mM NaCl, 3 mM MgCl2, 0.5% 
Nonidet P-40, 0.15 mM spermine and 0.5 mM spermidine) 
and incubated on ice for 5 minutes. The cell suspension 
was centrifuged at 3,000 rpm for 5 minutes to pellet the 
nuclei. The remaining supernatant was ultracentrifuged at 
a speed of 100,000g for 60 min to obtain the cytoplasm.

Cholesterol measurement in nuclear and cytoplasmic 
fractions of lymphocytes

Total cell cholesterol was extracted from the cells using 
1 ml of hexane:isopropanol (3:2, v:v). The extracts were 
transferred to microcentrifuge tubes and were air dried. 
The cholesterol standard, the samples, and the blank were 
dissolved in 1 ml of isopropanol:Nonidet P-40 (9:1, v:v). 
The cholesterol content in the nucleus and cytoplasm of 
lymphocytes was estimated using an enzymatic cholesterol 
assay based on a fluorometric method (Robinet et al., 
2010). Fluorescence was read at an excitation wavelength 
of 530 nm and an emission wavelength of 580 nm.

Statistical analysis
Results from experimental repeats have been 

expressed as the mean ± SD. All expression data have 
been normalized against the respective internal control as 
indicated in the Figures. Statistical analysis was carried 
out using a 2-tailed unpaired Student’s t-test and a one-
way analysis of variance (ANOVA) test. The significance 
level was set at p<0.05.

Results

Biochemical parameters across different study groups
With respect to Table 1, a significant decrease in the 

plasma LDL-cholesterol concentrations can be seen in the 
leukemic group as compared to the normal subjects. Only 
a partial recovery was noticed in treated patients. While 
LDL levels decreased in leukemic subjects, on average, 
the HDL concentration remained unchanged. Considering 
the results, it can be concluded that a malignancy such 
as leukemia can affect LDL cholesterol homeostasis. 
Low plasma LDL concentration in leukemic patients can 
be attributed to clearance of LDL particles from blood 
plasma by highly expressing LDLRs. Eventually, leukemia 
represented a metabolically opposite scenario to that of 
dyslipidemia affected atherosclerosis.

Expression of LDLR, SREBP-2, and nuclear PBR
To find out the reason behind low plasma cholesterol 

concentrations in leukemic patients, the expression 
of three proteins involved in intracellular cholesterol 
homeostasis-LDLR, SREBP-2, and PBR-were studied. 
LDLR on the cell surface is involved in cholesterol 
clearance from the periphery; SREBP2 is a transcription 
factor that regulates LDLR and comes from a precursor in 
the endoplasmic reticulum, and PBR is a receptor-associated 

SDS-PAGE and western blotting
The protein samples (lysate) were mixed with 

5x protein loading buffer containing 1% SDS, 5% 
β-mercaptoethanol, 50 mM Tris-HCl (pH= 6.8), 10% 
glycerol, and 0.02% bromo phenol blue. Then, they  were 
boiled for 5 minutes. Next, 10% SDS-PAGE was carried 
out on the samples and the proteins were transferred to 
nitrocellulose sheets. The transfer was performed at 35 
V for 12 hours at 4°C in a transfer buffer containing 
48 mM Tris Base, 39 mM glycine, and 20% methanol, 
pre-chilled at 4°C. The sheet was washed with blocking 
buffer (5% Blot-Quick blocking power in 0.01 M PBS 
containing 0.05% Tween-20) for 2 to 4 hours at room 
temperature on a shaker. Anti-LDLR mouse monoclonal 
antibody, anti-SREBP-2 mouse monoclonal antibody, 
anti-PBR goat polyclonal antibody, and β-actin mouse 
monoclonal antibody diluted in 0.01 M PBS–0.1% 
Tween-20 were added to the appropriate blots at dilutions 
of 1:2,000, 1:500, 1:1000, and 1: 2000, respectively. The 
membrane was incubated at room temperature for 2 hours. 
The membrane was then washed three times in 0.01 M 
PBS –0.1% Tween-20 for 10 min each. Anti-mouse and 
anti-goat HRP conjugates were added at a dilution of 1: 
8,000 (anti-mouse) for LDLR, 1:3,000 (anti-mouse) for 
SREBP-2 and 1:10,000 (anti-goat) for PBR and β Actin, 
followed by incubation for 2 hours at room temperature. 
Following three washes in PBS–Tween buffer, the blots 
were developed using enhanced chemiluminescence 
in the dark, and the bands were imaged using  Kodak 
XK-5 X-Ray film. An alpha tech imager was used for the 
analysis of the intensity/density of the respective bands. 

Dil-LDL preparation
Dil-LDL was prepared in the laboratory as described 

in our earlier reports (Ramakrishnan et al., 2012; Arjuman 
et al., 2013).

Dil-LDL uptake studies 
LDL uptake by lymphocytic cells was carried out on 

samples from patients and healthy subjects. Fluorescently 
labeled Dil-LDL was used as a substrate to determine the 
uptake rate of lymphocyte cells. Isolated lymphocytic 
cells were seeded in 12-well plates at 2 x 106 cells/well. 
The cells were serum starved for 12-16 hr in incomplete 
RPMI medium. Dil-LDL was then added to the wells at 
different concentrations, i.e., 0, 25, 50, 75, 100 and 125 
μg/ml. The cells were incubated for 5 hr at 37°C. The 
remaining cell-surface-bound LDL (i.e., the LDL that 
did not internalize into the cells during the incubation) 
was removed by treating the cells with dextran sulphate 
buffer (50 mM NaCl, 10 mM HEPES, 10 mg/ml dextran 
sulphate) for 1 hour at 4°C. The medium was removed, 
1 ml of isopropanol was added to each well, and the 
mixture was mixed thoroughly for 15 minutes at room 
temperature in the dark. The isopropanol was then 
collected and centrifuged at 5,000 g for 10 minutes at 
room temperature. The supernatant was applied for Dil 
quantification (Ramakrishnan et al., 2012). The readings 
were utlized to construct a graph of the added Dil-LDL and 
to compare the amount of Dil-LDL taken up by the cells. 



Shrimanjunath Sankanagoudar et al

Asian Pacific Journal of Cancer Prevention, Vol 1826

cholesterol channel on the nuclear membrane and is 
involved in cholesterol transport from the cytoplasm to the 
nucleoplasm. The immunoblots in Figure 1 (panels A, B, 
and C) show that LDLR, SREBP-2, and PBR were highly 
expressed in untreated leukemic lymphocytes compared 
to  normal lymphocytes in the control group. Treatment 
caused a partial recovery of LDLR and SREBP-2 to their 

Figure 1. Expression of LDLR, SREBP2 and Nuclear 
PBR: Respective antibodies were used to visualize the 
expression of LDLR, SREBP2 and PBR by western 
blotting. Three groups of subjects-control (C), untreated 
(UT) and treated (T)-were included in the study. A 
2-tailed unpaired Student’s t-test was employed to 
determine statistical significance. Each bar represents 
the mean ± SD for 25 samples from each respective 
category. Significantly greater LDL receptor (panel 
A; p=0.0001), SREBP2 (panel B; p=0.0001) and 
PBR (panel C; p=0.016) expression was observed in 
the untreated leukemic group than in lymphocytes 
from the control subjects. The values here depict the 
densitometric measurements of the blots using an 
alpha image analyzer. β-actin and lamin B were used as 
internal markers. Treatment showed (data not shown for 
PBR) partial recovery

Figure 2. Functional Activity of LDLR by Dil-LDL 
Uptake Assay: For this assay, 2 x 106 cells/ml were 
incubated with different concentrations of Dil-LDL 
(0, 25, 50, 75, 100, 125 µg/ml) for 5 hr in a multi-well 
plate. Amount of Dil internalized into the cells was 
proportional to the quantity of LDL taken up by the cells. 
The graphs show a higher rate of LDL uptake by leukemic 
lymphocytes as compared to normal counterparts. It was 
also evident that leukemic lymphocytes required more 
LDL particles than normal lymphocytes to reach the 
saturation point. A 2-tailed unpaired Student’s t-test was 
employed to determine statistical significance. The data 
show the mean ± SD for 25 samples from each respective 
category

Figure 3. In Vitro Feedback Regulation of LDLR and 
SREBP-2 Expression Caused by a Saturated Dose of 
LDL Cholesterol in Lymphocytes from Control Subjects:
LDLR and SREBP-2 expression after LDL treatment 
(control): LDLR and SREBP-2 expression in normal 
lymphocytes from control subjects went down with 
cholesterol saturation (C-100). p = 0.002 (LDLR), 
p = 0.005 (SREBP-2). C-0: cells incubated without 
LDL; C-100: cells incubated with 100 µg/ml LDL. A 
2-tailed paired Student’s t-test was applied for these 
parameters, and a p value was obtained. Each bar shows 
the mean ± SD for 25 samples from each respective 
category.

Figure 4. In Vitro Feedback Regulation of LDLR and 
SREBP-2 Expression Caused by a Saturated Dose 
of LDL Cholesterol in Lymphocytes from Leukemic 
Subjects: LDLR and SREBP-2 expression after LDL 
treatment (lymphocytes from leukemic subjects): No 
significant decrease in the expression level of either 
LDLR or SREBP-2 was observed in cells from patients 
(leukemic lymphocytes) with cholesterol saturation 
(P-100). p = 0.057 (LDLR), p = 0.054 (SREBP-2). P-0: 
Cells incubated without LDL; P-100: Cells incubated 
with 100 µg/ml LDL. A 2-tailed paired Student’s t-test 
was applied for these parameters, and a p value was 
obtained. Each bar shows the mean ± SD for 25 samples 
from each respective category.
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normal profile. Treatment did not show a consistent change 
at the level of PBR expression. 

Functional activity of LDLR by Dil-LDL uptake assay
The functional activity of LDLR was measured 

estimating the uptake of Dil-labeled LDL by the cells 
(see method section). The amount of Dil internalized by 
the cells (proportional to internalized LDL) was used as 
a  measure to determine the LDL taken up by the cells. 
Figure 2 shows a higher rate of LDL uptake by leukemic 
lymphocytes in comparison with normal subjects. It was 
also evident that leukemic lymphocytes needed more LDL 
particles than normal lymphocytes to reach the saturation 
point. The delayed saturation in leukemic lymphocytes 
suggested a comparatively more rapid utilization of the 

cytoplasmic cholesterol pool than  its normal counterparts. 
The differential time to reach the equilibrium between 
incoming and outgoing concentrations of cholesterol 
within the cytoplasm determined the time delay in reaching 
the saturation point of the cytoplasmic cholesterol pool. 
Since the leukemic lymphocytes differed from normal 
lymphocytes due to having highly expressed PBR and 
leukemia led to cell density augmentation , increased 
cholesterol utilization was expected in new membrane 
formation and/or in chromatin structures. 

In vitro feedback regulation of LDLR and SREBP-2 
expression by saturated dose of LDL cholesterol in normal 
and leukemic lymphocytes
 In normal lymphocytes (control cells in Figure 3), LDLR 
and SREBP2 expressions decreased with cholesterol 
saturation (100 µg/ml LDL). However, in patient’s cells 
(leukemic lymphocytes in Figure 4), no significant decrease 
was found in the expression of both LDLR and SREBP2 
with equivalent cholesterol saturation by LDL. Earlier 
reports have shown that the net intracellular cholesterol 
concentration is the regulator for net concentration of 
activated SREBP2 (Brown et al., 1997) in normal cells. 
Since SREBP2 is the transcription factor for the ldlr gene, 
the cholesterol-mediated regulation of SREBP2 (Brown 
et al., 1997) can also regulate the expression of LDLR on 
the cell surface. The rule worked in normal lymphocytes 
(Figure 3) but not in leukemic lymphocytes (Figure 4). 
This result apparently demonstrated that the cholesterol 
mediated feedback regulation on LDLR transcription fails 
in leukemic cells. This result corroborates the findings of 
Chen et al., hold that human prostate cancer cells lack 
feedback regulation of LDLR and its regulator, SREBP-2 
(Chen et al., 2001).

Relative cholesterol content in cell nucleus and cytoplasm 
of lymphocytes across control and leukemic groups

Variables in plasma Normal range 
(Mean±SD)

1. Control subjects 
(Mean±SD) (n=25)

2. Untreated patients 
(Mean±SD) (n=25)

3. Treated patients 
(Mean±SD) (n=25)

p-value

Total cholesterol 140-250 mg/dl 182.0 ± 21.8 136.5 ± 21.5 168.3 ± 32.1 0.0001
1 vs. 2 

<0.0005
1 vs. 3 ns 

LDL <130 mg/dl 116.6 ± 21.3 69.0 ± 14.7 109.1 ± 36.0 0.0001
1 vs. 2 

<0.0005
1 vs. 3 ns 

HDL 30-65 mg/dl 39.9 ± 9.0 31.2 ± 6.8 36.4 ± 7.7 0.0043
1 vs. 2 
<0.005

1 vs. 3 ns 

Table 1. Biochemical Parameters (Concentrations in Blood Plasma) of the Different Study Groups: A significant 
decrease in plasma cholesterol concentrations (total, LDL and HDL) was observed in the untreated leukemic group as 
compared to that in the normal subjects. The variation of HDL concentrations remained within normal limits, whereas 
LDL concentrations decreased to a significantly low value. Only a partial recovery was noted in treated patients. An 
ANOVA was applied for the statistical evaluation. The data are presented as the mean ± SD for 25 samples from each 
respective category

LDL, low-density lipoprotein; HDL, high-density lipoprotein

Figure 5. Relative Cholesterol Content in the Cell 
Nucleus and Cytoplasm of Lymphocytes from Control 
and Leukemic Subjects: A significant increase in the 
cholesterol concentration was observed in the nucleus 
(p=0.036) and cytoplasm (p=0.004) of leukemic cells as 
compared to normal lymphocytes. Each bar shows the 
mean ± SD for 25 samples from each respective category
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intercorrelation was attempted among these parameters 
in the same cell. In the present study, we attempted to 
correlate these parameters in cancer cells, i.e., lymphocytic 
leukemia ones. 

Weaker suppression of LDLR activity and inactivation 
of transcription factor SREBP-2 by the intracellular 
accumulation of LDL cholesterol was found in 
lymphocytes from CLL patients as compared to those 
from healthy controls.

In other words, these leukemic cells overrode the 
feedback regulatory mechanism for LDLR expression. 
This phenomenon could explain the extra demand of 
cholesterol by leukemic cells, i.e., the need for cholesterol 
in the cell nucleus, as shown by the reports on the presence 
of cholesterol in the nuclear chromosome (Albi et al., 
2004).

With respect to increase of intracellular (both 
cytoplasm and nucleus) cholesterol levels and loss of 
feedback regulation on the transcription of LDLR in 
leukemic lymphocytes compared to normal lymphocytes, 
this study suggests  the passage of cytoplasmic cholesterol 
into the cell nucleus through proper channels or 
transporters found on the nuclear membrane such as PBR.

Furthermore, high expression of PBR in leukemic 
lymphocytes was discovered in this study. As mentioned 
above, numerous studies have also indicated a role for 
nuclear cholesterol in the mechanism of cell proliferation 
and cancer progression (Hardwick et al., 1999). Normally, 
PBR is located on outer mitochondrial membrane in 
endocrine tissues, where it transports cholesterol and 
helps in steroidogenesis. A role for nuclear PBR in 
the regulation of tumor cell proliferation along with 
their aggressive phenotypic expression have also been 
shown by Hardwick et al., (1999). We observed a higher 
expression of the 32 kDa PBR protein (channel protein) 
in untreated leukemic lymphocytes than in lymphocytes 
from the control group indicating the plausibility of higher 
cholesterol transport from the cytoplasmic compartment 
to the nucleus in leukemic cells. These results thus have 
shed some light on the utilization of cholesterol in the 
nucleus of highly proliferated cancer/leukemic cells. 
Therefore, the previously reported hypocholesterolemia 
in cancer patients might be the result of such a link where 
more cholesterol is transported into the cell nucleus or to 
nuclear chromosomes in order to support the existence of 
tumor cells. It is noteworthy to mention that a relationship 
between cholesterol metabolism and tumor growth has 
been shown in previous investigations (Brown et al., 
1974; Witte et al., 1982) with a plausible association 
between cholesterol esterification and the control of cell 
cycle progression (Dessi et al., 1997; Mulas et al., 2011).

This study provided new insight into cholesterol 
homeostasis in CLL participants in relation to LDLR, 
SREBP-2, and PBR. Cholesterol may enter the cell 
nucleus through highly expressed PBR and may be 
involved in developing leukemia by manipulating cell 
cycle progression in lymphocytes of CLL patients. Further 
studies are needed to explain the mechanism by which 
cholesterol is involved within the nucleus for cell growth. 
In addition to its participation in membrane formation, 
the role of cholesterol in DNA replication following 

There was a significant increase in the cholesterol 
content in the nucleus and cytoplasm of leukemic 
lymphocytes (Figure 5). The nuclear cholesterol 
concentration per lymphocyte in leukemic patients 
amplified almost twofold and the cytoplasmic cholesterol 
augmented approximately threefold over the control 
lymphocyte cholesterol concentration.

Discussion 

As with other cancers; namely, acute myelogenous 
leukemia (AML), chronic myeloproliferative disorders, 
and colon cancer (Vitols et al., 1985; Vitols, 1991), lipid 
abnormality was observed in CLL patients of our study 
. The major observation in this study was the correlation 
between the significant changes in plasma lipid profile 
(cholesterol, LDL, and HDL), particularly LDL, and the 
expression of cholesterol-processing molecules (LDLR, 
SREBP-2, and PBR) in lymphocytes of CLL participants. 
The altered cholesterol level in CLL patients can be 
attributed  to the increased utilization of cholesterol by 
the hyper expressed LDLRs in neoplastic cells. This type 
of observation is in line with in vitro findings revealed by  
various mononuclear cells studies on patients and animals 
with leukemia (Budd et al., 1986). Accordingly, prolonged  
low LDL levels may provide a clue for a predisposition 
to malignant tumors and can serve as a screening tool to 
provide the basis for preventive measures.

Our findings showed that in a disease such as leukemia, 
cholesterol metabolism is affected. The internalization 
of exogenous cholesterol (blood cholesterol) is mainly 
achieved through LDLR-mediated endocytosis (Brown et 
al., 1986). Considering the results of the current study, both 
the LDLR and its transcription factor SREBP-2 were more 
highly expressed in the lymphocytes of CLL participants 
than in those of the control group. This result corroborates 
the findings of Peterson et al., demonstrating an elevated 
activity of highly expressed LDLR in malignant cells 
(Peterson et al., 1985). In this study, the Dil-LDL uptake 
assay was used as a measure of the LDLR functional 
activity and depicted a high rate of LDL utilization by 
leukemic lymphocytes. Moreover, a delayed saturation 
curve for cholesterol (more time was taken to reach the 
plateau of the cholesterol saturation curve in leukemic 
cells) was found indicating faster utilization of the 
cytoplasmic cholesterol pool in leukemic lymphocytes 
in comparison with the normal counterparts. Utilization 
of more cholesterol is expected by the greater mass of 
cancer cells as well as its use in chromatin structures 
(Albi et al., 2003). A newly growing consensus on the 
role of cholesterol in the cell nucleus has been emerged 
by discovering cholesterol within the chromosomal DNA 
(Albi et al., 2003), sphingomyelin-bound cholesterol 
(esterified cholesterol) in the cell nucleus (Albi et al., 
2003), and the liberation of more free cholesterol by liver 
regeneration processes (Rao, 1986; Albi et al., 2003).

Although several studies have investigated the aspects 
of LDLR expression, including the feedback regulation 
loss of intracellular cholesterol homeostasis and the 
presence of a highly expressed cholesterol transporter on 
nuclear membrane, the reports are mostly fragmented. No 
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cell proliferation is another challenging perspective for 
future research on cholesterol homeostasis in cellular 
metabolism. 
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Introduction
The link between human leukocyte 
antigen B27 (HLA‑B27) and a large 
family of inflammatory rheumatic 
diseases is a well‑established 
fact.[1,2] Reactive arthritis (ReA) is 
defined as an immune‑mediated synovitis 
resulting from slow bacterial infections 
and showing intra‑articular persistence 
of viable nonculturable bacteria 
and/or immunogenetic bacterial antigens 
synthesized by metabolically active bacteria 
residing in the joint and/or elsewhere in 
the body.[1] Several large‑scale studies have 
reported that HLA‑B27 carriers may have 
an increased predisposition of hematological 
malignancies.[2‑4] Interestingly, we are 
reporting a case of 15‑year‑old male 
with acute myeloid leukemia (AML) 
who developed ReA during induction 
chemotherapy and was positive for 
HLA‑B27. There are very few case reports 
in literature with a similar constellation of 
findings. This case emphasizes the fact that 
HLA‑B27‑associated genetic predisposition 
should be considered in patients with 
leukemia and unexplained arthritis.
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Abstract
We report a case of reactive arthritis (ReA) during induction phase chemotherapy of a 15‑year‑old 
male patient with acute myeloid leukemia (AML) M4 with inv(16), most probably due to a genetic 
predisposition of being human leukocyte antigen b27 (HLA‑B27) positive. The episode of ReA 
recurred during consolidation therapy; however, the patient was asymptomatic after the completion 
of treatment. The link between HLA‑B27 and a large family of inflammatory rheumatic diseases 
is a well‑established fact, but interestingly, there is also a molecular link between HLA‑B27 and 
hematological malignancies. This case brings to our notice, the common immunological, molecular, 
and microbiological link between AML, HLA‑B27, and ReA. It also emphasizes the fact that 
clinicians should have a high index of suspicion of HLA‑B27 positivity, if a case of AML develops 
arthritis during chemotherapy, since early introduction of immunosuppressive medications for arthritis 
may reduce morbidity and prevent delay in the administration of further chemotherapy cycles.
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Case Report
A 15‑year‑old male presented with a 
history of fever and progressive pallor 
for 3 months. There was no prior history 
of any rheumatological disorder. On 
examination, he was pale and had multiple 
petechiae, purpura, and ecchymotic patches. 
Systemic examination revealed significant 
hepatosplenomegaly. On investigations, 
his complete blood count showed Hb 
of 8.3 g/dl, white blood cell count of 
45,300/mm3, platelet count of 32,000/mm3, 
and peripheral smear showed 54% blasts. 
Bone marrow was hypercellular with 65% 
blasts with monocytic differentiation on 
morphology. Flow cytometry confirmed the 
diagnosis of AML, and cytogenetics showed 
inv(16) in 80% cells. Thus, a diagnosis 
of AML (FAB‑M4 subtype) with inv(16) 
was established. He was put on induction 
chemotherapy for AML consisting of 
7 days of cytarabine at a dose of 100 mg/m2 
and 3 days of daunomycin at 60 mg/m2. 
On day 6, he developed severe pain and 
swelling of both the knee joints associated 
with redness and restriction of movements 
[Figures 1 and 2]. Gradually, it progressed 
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to the ankle and wrist joints. Ultrasonography of the knee 
joints revealed joint effusion extending into supra‑ and 
infra‑patellar bursa. On day 10, he developed febrile 
neutropenia along with worsening of the arthritis. Blood 
culture was sent, and he was put on intravenous antibiotics. 
Meanwhile, he required multiple blood and platelet 
transfusion support. Initially, his symptoms were attributed 
to either septicemia or immune reactions to transfusions. 
Subsequently, the blood culture grew Klebsiella, sensitive 
to meropenem and amikacin, and he was put on these 
antibiotics accordingly. Although his fever responded to 
antibiotics and neutrophil count recovery, his arthritis 
did not recover inspite of treatment with analgesics and 
anti‑inflammatory agents. A possibility of ReA predisposed 
due to HLA‑B27 positivity was considered. HLA‑B27 done 
by the polymerase chain reaction method was reported as 
positive. He was put on prednisolone to which he showed 
significant improvement within four days, and hence, it 
was stopped in 8 days. He developed similar symptoms but 
of less severity during the consolidation therapy. He again 
required steroids for the control of symptoms. This time, 
we continued low dose of prednisolone during the three 
consolidation cycles of high‑dose cytarabine. After the 
completion of therapy, steroids were tapered and stopped 
over a period of 20 days. At follow‑up visit of 9 months 
after completion of chemotherapy, he continues to be in 
remission and free of any symptom of arthritis.

Discussion
The three main aspects of the pathogenesis of ReA are 
the presence of bacteria or bacterial products in the joint, 
the interaction between bacterium and host, and the local 
immune response directed against these bacteria.[1,4,5] HLA 
B27 carriers are predisposed to ReA due to the affinity 
of HLA B27 to arthritogenic peptides and its ability to 
present these potentially arthritogenic peptides to cytotoxic 
T‑lymphocytes.[4,5] HLA‑B27 carriers are also at an 
increased risk of acute leukemias.[2‑4] In a large‑scale study 

by Au et al., the relative risk in HLA‑B27 carriers for acute 
lymphoblastic leukemia and AML was reported to be 1.68 
and 1.67, respectively. The correlation was statistically 
significant.[3] The various explanations for such HLA 
leukemia association include reduced immune surveillance, 
molecular mimicry by oncogenic microbes, or linkage 
disequilibrium with unidentified susceptibility genes.[3,6] 
HLA plays an important role in immune surveillance, and 
HLA polymorphisms may affect the ability of the immune 
system to recognize the malignant cells and target them 
for elimination by T cells.[6] There are several case reports 
of rheumatic manifestations following autologous SCT in 
HLA‑B27‑positive individuals.[7] However, very few cases 
of ReA during induction therapy for AML due to HLA 
predisposition have been described in literature.[5] Another 
remarkable aspect of this case was that the blood culture 
of the patient grew Klebsiella, and a molecular mimicry 
theory has been postulated for association between an 
amino acid sequence in HLA‑B27 and Klebsiella products 
according to which rheumatic manifestations may result 
from a cross‑reactive antibody response between a unique 
portion of HLA‑B27 and certain bacterial epitopes.[8] 
To conclude, this case brings to our notice, the common 
immunological, molecular, and microbiological link 
between AML, HLA‑B27, ReA, and Klebsiella. It also 
highlights the fact that HLA‑B27 predisposes to ReA 
during the induction therapy for AML, and considering 
the molecular link between HLA‑B27 and hematological 
malignancies and relatively high incidence of HLA‑B27 
in Asian Indian males, it may be considered as a baseline 
investigation before initiation of induction therapy in 
AML treatment as early introduction of anti‑inflammatory 
and immunosuppressive medications for arthritis may 
reduce morbidity and prevent delay in the administration 
of further chemotherapy cycles.[9] Another issue that 
needs to be considered in the management of ReA during 
chemotherapy is the importance of prolonged course of 
targeted antibiotics for eradication of bacteria responsible 

Figure	1:	Arthritis	of	knee	joint Figure	2:	Arthritis	of	ankle	joint
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for ReA which are frequently intracellular to prevent 
subsequent flare up of ReA.[10]
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Background. Group B Streptococcus (GBS) remains a leading cause of neonatal sepsis in high-income contexts, despite declines 
due to intrapartum antibiotic prophylaxis (IAP). Recent evidence suggests higher incidence in Africa, where IAP is rare. We investi-
gated the global incidence of infant invasive GBS disease and the associated serotypes, updating previous estimates.

Methods. We conducted systematic literature reviews (PubMed/Medline, Embase, Latin American and Caribbean Health 
Sciences Literature [LILACS], World Health Organization Library Information System [WHOLIS], and Scopus) and sought unpub-
lished data regarding invasive GBS disease in infants aged 0–89 days. We conducted random-effects meta-analyses of incidence, case 
fatality risk (CFR), and serotype prevalence.

Results. We identified 135 studies with data on incidence (n = 90), CFR (n = 64), or serotype (n = 45). The pooled incidence of 
invasive GBS disease in infants was 0.49 per 1000 live births (95% confidence interval [CI], .43–.56), and was highest in Africa (1.12) 
and lowest in Asia (0.30). Early-onset disease incidence was 0.41 (95% CI, .36–.47); late-onset disease incidence was 0.26 (95% CI, 
.21–.30). CFR was 8.4% (95% CI, 6.6%–10.2%). Serotype III (61.5%) dominated, with 97% of cases caused by serotypes Ia, Ib, II, III, 
and V.

Conclusions. The incidence of infant GBS disease remains high in some regions, particularly Africa. We likely underestimated 
incidence in some contexts, due to limitations in case ascertainment and specimen collection and processing. Burden in Asia requires 
further investigation.

Keywords. group B Streptococcus; early onset; late onset; estimate; case fatality risk.
 

Group B Streptococcus (GBS; Streptococcus agalactiae) is a 
leading infectious cause of neonatal morbidity and mortal-
ity, well described in high-income contexts (HICs) [1–8], 
but less well studied in low- to middle-income contexts 
(LMICs) and low-income contexts (LICs) [9]. A  systematic 
review in 2012 [9], reported an overall incidence of invasive 
GBS disease among infants of 0.53 per 1000 live births (95% 

confidence interval [CI], .41–.62), with the highest incidence 
in Africa (1.21 per 1000 live births), followed by the Americas 
(0.67 per 1000 live births) and the lowest incidence in the 
Western Pacific (0.15 per 1000 live births) and Southeast Asia  
(0.016 per 1000 live births). Although data, especially from 
LICs, were limited, case fatality risks (CFRs) were higher in 
Africa (22%) compared with the Americas (11%) or Europe 
(7%) [9].

Understanding the global burden of GBS disease in young 
infants (0–89 days), including neonates (0–27 days), is impor-
tant to guide public health decision making on interventions. 
Many HICs have implemented intrapartum antibiotic prophy-
laxis (IAP), aiming to reduce early-onset GBS disease (EOGBS; 
days 0–6) for women with rectovaginal GBS colonization 
detected through microbiological screening or with clinical risk 
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factors [10, 11]. However, this strategy will not reduce late-on-
set infant GBS disease (LOGBS; onset on days 7–89 of life), and 
in LMICs and LICs, where there are more home deliveries and 
women present later for delivery, IAP may be less feasible and 
effective than other potential strategies for prevention, such as a 
maternal GBS vaccine.

This article therefore aims to examine the incidence of inva-
sive GBS disease among young infants and the associated CFR 
and serotypes causing GBS invasive disease (Figure 1). It is part 
of a supplement estimating the burden of GBS disease among 
pregnant women, stillbirths, and infants [12]. The supplement 
includes systematic reviews and meta-analyses on GBS colo-
nization, and adverse outcomes associated with GBS around 
birth [10, 13–19], which provide data inputs for estimating the 
worldwide burden of GBS [20].

OBJECTIVES

1. To provide a comprehensive, systematic literature review and 
meta-analyses on the burden of infant invasive GBS disease 
to include:
a. Incidence of infant GBS disease: overall incidence risk, 

including stratification by EOGBS and LOGBS.
b. CFR for EOGBS and LOGBS (7–89  days) and neonatal 

disease (7–27 days).

c. Serotype distribution: prevalence of GBS serotypes caus-
ing GBS disease among infants.

2. To generate parameters to be used as data inputs in a com-
partmental model estimating the burden of GBS in preg-
nancy for women, stillbirth, and infants; including
a. EOGBS to LOGBS ratio.
b. Clinical syndrome (proportion of neonatal disease that 

was meningitis or sepsis).
3. To evaluate data gaps and recommend improvements for the 

data regarding GBS disease in young infants.

METHODS

This article is part of a protocol entitled “Systematic estimates of the 
global burden of GBS in pregnant women, stillbirths and infants,” 
submitted for ethical approval to the London School of Hygiene 
& Tropical Medicine (reference number 11966) and approved on 
30 November 2016. The general methods are described elsewhere 
[12]; here we present details specific to estimates related to the 
incidence of invasive GBS disease among infants.

We included studies that described incidence risk, deaths, 
or serotypes of bacterial isolates among infants aged 0–89 days 
with invasive GBS disease. Eligible studies were those report-
ing data published or unpublished between 1 January 2000 
and 31 January 2017, limited to humans and with no language 

Figure 1. Infant group B streptococcal (GBS) disease in disease schema for GBS, as described by Lawn et al [12].
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restrictions. We identified data through systematic review of 
the published literature and through an investigator group that 
sought unpublished data from clinicians, researchers, and rele-
vant professional institutions worldwide.

Definitions

Invasive GBS disease was defined as laboratory isolation of 
S. agalactiae from any normally sterile site using conventional 
microbiological methods together with any signs of clinical dis-
ease. EOGBS was defined as invasive GBS disease in infants aged 
0–6 days after birth and LOGBS in infants 7–89 days after birth. 
Incidence risk was defined as cases per 1000 live births and CFR 
as number of deaths in GBS cases divided by total GBS cases.

Search Strategy

We undertook systematic literature searches of PubMed/
Medline, Embase, Literature in the Health Sciences in Latin 
America and the Caribbean (LILACS), the World Health 
Organization Library Information System (WHOLIS), and 
Scopus databases using the search terms (“Streptococcus aga-
lactiae” [Medical subject headings (MeSH)] OR “Streptococcus 
Group B” OR “Group B streptococcal”) AND “infant,” “out-
come,” “death,” “mortality,” “case AND fatality AND rate.” We 
limited searches to humans and publications from 1 January 
2000 to 31 January 2017 (see Supplementary Table 1 for the full 
list of search terms). For consistency, we used the same search 
terms as a previous systematic review [9]. We did not apply date 
or language restrictions; texts were translated to English when 
published in other languages. An additional search for reports 
with serotype data was performed, using the search terms 
(“Streptococcus agalactiae serotype” [MeSH] OR “Streptococcus 
Group B serotype” OR “Group B streptococcal serotype”) using 
the same limits above. We used snowball searches of article ref-
erence lists including reviews to identify additional studies

One investigator performed the database search, screened for 
duplicates, and screened titles and abstracts to assess eligibility 
for inclusion. Two independent investigators (L. M. and M. K. 
L.) assessed the full-length articles associated with selected 
abstracts to confirm eligibility and extract data. Where there 
was discrepancy between the 2 reviewers, a third investigator 
(A. S.) made the final decision.

Study Selection

We included studies with original data on GBS disease in 
infants who were aged 0–89 days at onset of infection episode, 
with clinical specimens obtained from a sterile site, which had 
a population denominator (total live births). We excluded 
studies focusing on very high-risk groups (such as only human 
immunodeficiency virus [HIV]–infected infants or only pre-
term infants), where data were not representative of live births 
in the population. Where countries had multiple or duplicated 
publications or systematically collected surveillance data, we 

included the most recent data. Studies reporting GBS disease 
in infants aged 0–90 days that did not specify age at onset for 
the individual cases were included with the 0–89 day studies as 
the probability of a case on day 90 is negligible. For full details 
of inclusion and exclusion criteria, see Supplementary Table 2.

Data Abstraction

We used a standardized data abstraction tool to capture infor-
mation on the study design (prospective or retrospective), set-
ting (health facility or not), use of IAP, timing of clinical disease 
(onset in the first 24–48 hours, EOGBS, and LOGBS), outcomes 
(survived or died), sample type (cerebrospinal fluid, blood, or 
other sterile site) and GBS serotype. For facility-based studies 
limited to babies born at the facility, facility live births was used 
as denominator. Where studies included inborn and outborn 
babies, a population denominator of all live births in the catch-
ment area of the health facility was used. Data on study location 
were also abstracted including country and town. These data 
were imported into Stata version 14 software.

Analysis

We used random-effects meta-analyses to estimate overall infant 
disease incidence, EOGBS and LOGBS incidence, the EOGBS 
to LOGBS incidence ratio, and CFRs using the DerSimonian 
and Laird method [21]. In addition to worldwide estimates, 
estimates by United Nations regions and/or subregions were 
obtained when sufficient data were available.

To assess bias, we performed the following sensitivity 
analyses:

1. Invasive disease:
a. Infant invasive disease limited to facility-based studies 

where denominator was facility births.
b. EOGBS estimates limited to studies including data for 

days 0–6 after birth.
c. LOGBS estimates limited to studies including data for 

days 7–89 after birth.
d. Late-onset neonatal incidence limited to studies with data 

for days 7–27 after birth.
2. The ratio of early-onset disease to late-onset disease, includ-

ing only studies considered to be less subject to case finding 
bias resulting from low access to care, nonsystematic sam-
pling, or suboptimal laboratory detection methods [22–25] 
as considered by the expert advisory group.

RESULTS

Literature Search and Study Selection

We identified 7535 articles for consideration from database 
searches, 318 additional records from expert groups in neona-
tal care and reference lists, and 7 datasets from an investigator 
group [22, 23, 26] (Araujo da Silva et al. unpublished, Dhaded et 
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al. unpublished, Saha et al. unpublished, Sigaúque et al. unpub-
lished). One hundred thirty-five articles (reporting data from 57 
countries) met our inclusion criteria (search strategy of study 
selection in Figure 2). Of these, 90 reported incidence [22–96], 
(EOGBS: 74 studies; LOGBS: 33 studies), 64 reported CFR [22–
27, 30, 34, 37, 38, 41–43, 46, 49–57, 59, 61, 63, 68, 70, 71, 73–75, 
78–81, 84, 89, 90, 92, 95–111], and 45 reported serotype data 
[22–25, 31, 42, 47, 50, 55, 61, 63, 66, 70, 73, 78, 81, 84, 112–138]. 
(The full list of articles included in this review is available in 
Supplementary Table 3.) Articles excluded because more recent 
data from the same population were available are shown in 
Supplementary Table 4 and Supplementary Figure 1. Compared 
to the previously published global GBS invasive disease estimates 
[9], we included 61 additional studies: 34 reporting incidence, 35 
CFR, and 26 serotype (Supplementary Figure 2).

Study Characteristics

There were more data from HICs (77 studies) compared 
to LMICs (18 studies), of which 12 were from Africa (11 in 

sub-Saharan Africa, 1 in North Africa). Data inputs are illus-
trated in Figure 3A and 3B. Data inputs of the previous systematic 
review [9] are shown in Supplementary Figures 3A and 3B. Most 
studies (109/135) were facility based and information about IAP 
use was available from 116 of 135 studies (Table 1). Seventy-six 
studies reported any use of IAP: 27 of 76 (35.5%) were based on 
screening, 14 of 76 (18.4%) were based on a risk factor algorithm, 
and 35 of 76 (46.1%) did not specify a strategy. Of those studies 
reporting incidence, 58 of 90 (64.4%) reported use of any IAP; this 
was highest in developed countries (46/58 [79.3%]) and lowest in 
sub-Saharan Africa (3/11 [27.3%]) (Supplementary Figure 4). Of 
74 studies that reported EOGBS, 49 (67.1%) reported IAP use 
and approximately one-third of articles (24/74 [32.4%], includ-
ing 6 studies from LICs and LMICs) reported information about 
age at onset of EOGBS. Serotype was available in studies from 25 
countries (developed countries, 16; Central and South America, 
4; Southern and Eastern Africa, 3; Eastern Asia, 2). We were una-
ble to abstract data on laboratory methods used, maternal risk 
factors, and weight or gestational age at birth of neonates.

Figure 2. Search strategy and process of study selection. Abbreviation: GBS, group B Streptococcus.
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Incidence Risk of Group B Streptococcus Disease

There were 6199 infants with invasive GBS disease among 
13 300 000 live births in 53 countries. The incidence risk (per 
1000 live births) for infant GBS disease was 0.49 (95% CI, .43–
.56) overall, being 1.12 in Africa, 0.49 in Latin America and the 
Caribbean, 0.46 in developed countries, and the lowest in Asia, 
0.30. Incidence was highest in Southern Africa (2.00 [95% CI, 
.74–3.26]) and lowest in Southeast Asia (0.21 [95% CI, .09–.32]; 
meta-analysis in Figure  4). There were 3664 cases of EOGBS 
from 9 866 793 live births. Incidence risk (per 1000 live births) 
of EOGBS worldwide was 0.41 (95% CI, .36–.47) and ranged 
from 0.32 (95% CI, .22–.41) in Asia to 0.71 (95% CI, .24–1.18) in 
Africa. The Caribbean had the highest incidence risk of EOGBS 
(1.47), followed by Southern Africa (1.07) and South Asia the 
lowest (0.20) (Supplementary Figure 5). Among EOGBS cases, 
68% (95% CI, 57%–79%) developed symptoms in the 24 hours 
after birth, being higher in HIC (74% [95% CI, 58%–89%]) 

compared with LICs (31% [95% CI, –20% and 82%]); meta-anal-
ysis included as Supplementary Figure 6). There were 2003 cases 
of LOGBS among 8 975 899 live births. Incidence risk of LOGBS 
worldwide was 0.26 (95% CI, .21–.30), ranging from 0.04 (95% CI, 
–.02 to .09) in Asia to 0.65 (95% CI, .25–1.05) in Africa. Southern 
Africa had the highest incidence risk of LOGBS (0.93), and South 
America, Western Africa, and Southeastern Asia had the lowest 
(0.0, 0.0, and 0.03, respectively, based on the single study cap-
tured from each of these regions; Supplementary Figure 7).

Case Fatality Risk

There were 570 deaths among 6501 infant cases. The overall CFR 
was 8.4% (95% CI, 6.6%–10.2%). CFR in Africa (18.9% [95% CI, 
13.7%–24.0%]) was 4 times higher than in developed countries 
(4.7% [95% CI, 3.3%–6.1%]) (meta-analysis in Supplementary 
Figure 8). EOGBS CFR was 10.0% (95% CI, 7.0%–12.0%) rang-
ing from 5.0% (95% CI, 4.0%–7.0%) in developed countries to 

Figure 3. Worldwide distribution of data inputs. A, Map illustrating number of studies by country reporting incidence of group B streptococcal (GBS) invasive disease. B, 
Map illustrating overall incidence of GBS disease among infants by country included in the meta-analyses. Borders of countries/territories in map do not imply any political 
statement.
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27.0% (95% CI, 17.0%–37.0%) in Africa. LOGBS CFR was 7.0% 
(95% CI, 4.0%–9.0%) and, consistently with overall and EOGBS 
CFR, was lowest in developed countries (4.0% [95% CI, 3.0%–
6.0%]) and highest in Africa (12.0% [95% CI, 5.0%–19.0%]) 
(meta-analysis in Supplementary Figures 9 and 10, respectively).

Serotype Distribution

A total of 6500 bacterial isolates were included in the meta-anal-
ysis of serotype prevalence (data inputs are illustrated in 
Supplementary Figure 11). Five serotypes (Ia, Ib, II, III, and V) 
accounted for 97% of invasive isolates in all regions with serotype 

data (Figure  5). Serotype III was the most prevalent serotype 
across the United Nations subregions, although it was lower in 
South America (34%) compared with other subregions. Nearly 
half (47%) of EOGBS cases and 73.0% of LOGBS cases were 
caused by serotype III. Serotype Ia, Ib, and V were frequently 
isolated in EOGBS (22.8%, 8.0%, and 10.6%, respectively) and 
LOGBS (14.2%, 5.3%, and 4.0%) (Supplementary Figure 12).

Early-Onset to Late-Onset Group B Streptococcus Disease Ratio

The overall ratio of EOGBS to LOGBS disease was 1.72 (95% 
CI, 1.35–2.21). The highest ratio was in Asia (5.99 [95% CI, 

Table 1. Characteristics of Included Studies Investigating Invasive Group B Streptococcal Disease in Infants

Characteristic Total (135 Articles) Incidence (90 Articles) CFR (64 Articles) Serotypes (47 Articles)

United Nations subregion

 Developed countries 58 (43.0) 32 (35.6) 28 (43.8) 32 (68.1)

 Central America 2 (1.5) 2 (2.2) 1 (1.6) 1 (2.1)

 Caribbean 6 (4.4) 5 (5.6) 4 (6.2) 0 (0.0)

 South America 15 (11.1) 9 (10.0) 8 (12.5) 4 (8.5)

 Northern Africa 1 (0.7) 1 (1.1) 0 (0.0) 0 (0.0)

 Eastern Africa 5 (3.7) 4 (4.4) 4 (6.2) 2 (4.3)

 Western Africa 3 (2.2) 3 (3.4) 1 (1.6) 0 (0.0)

 Southern Africa 3 (2.2) 3 (2.3) 3 (4.7) 2 (4.3)

 Eastern Asia 17 (12.6) 7 (7.8) 8 (12.5) 5 (10.6)

 Western Asia 8 (5.9) 7 (7.8) 2 (3.1) 0 (0.0)

 Southern Asia 7 (5.2) 7 (7.8) 3 (4.7) 1 (2.1)

 Southeastern Asia 10 (7.4) 10 (11.1) 2 (3.1) 0 (0.0)

Study design

 Prospective 53 (39.3) 46 (51.1) 26 (40.6) 12 (25.5)

 Retrospective 82 (60.7) 44 (48.9) 38 (59.3) 35 (74.5)

Population/facility-based studya

 Population-based 24 (18.8) 18 (20.0) 13 (20.3) 35 (76.1)

 Facility based 109 (81.2) 71 (78.9) 50 (78.1) 11 (23.9)

Reporting period

 Full period (0–89 d)b 10 (7.4) 10 (11.1) 10 (15.6) 6 (12.7)

 Full EOGBS period (0–6 d)c 42 (31.1) 42 (46.7) 30 (46.9) 13 (27.7)

 Full LOGBS period (7–89 d)d 11 (8.1) 11 (12.2) 11 (17.2) 5 (10.6)

Specimen type

 Blood only 27 (20.0) 19 (21.8) 12 (18.8) 3 (6.4)

 CSF only 5 (3.7) 2 (2.3) 2 (3.1) 2 (4.3)

 Blood and CSF 75 (55.6) 53 (58.9) 36 (56.3) 27 (57.5)

 All sterile sites 25 (18.5) 14 (15.6) 14 (21.9) 15 (31.9)

IAP

 Any IAP used 76 (65.5) 58 (69.9) 41 (70.7) 21 (43.8)

 No IAP 40 (34.5)  25 (30.1) 17 (29.3) 27 (56.2)

Rural/urban

 Rural 2 (1.5) 2 (2.2) 1 (1.6) 1 (2.1)

 Urban 69 (51.1) 46 (51.1) 33 (51.6) 21 (44.7)

 Semirural 2 (1.5) 2 (2.2) 2 (3.1) 2 (4.3)

 Mixed 30 (22.2) 22 (24.4) 15 (23.4) 11 (23.4)

 Not described 32 (23.7) 18 (20.0) 13 (20.3) 12 (25.5)

Data are presented as No. (%).

Abbreviations: CFR, case fatality risk; CSF, cerebrospinal fluid; EOGBS, early-onset group B Streptococcus; IAP, intrapartum antibiotic prophylaxis; LOGBS, late-onset group B Streptococcus.
aTwo missing values for population/facility-based and 19 missing values for IAP use.
bStudies reporting incidence among infants for the whole period aged 0-89 days among all studies.
cStudies reporting EOGBS cases among infants for the whole period aged (0-6 days) among studies reporting EOGBS in each category.
dStudies reporting LOGBS cases among infants for the whole period (7–89 days) among studies reporting EOGBS in each category.
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Figure 4. Pooled estimated incidence risk per 1000 live births of overall infant invasive group B streptococcal disease. Abbreviations: CI, confidence interval; ES, effect 
size; GBS, group B Streptococcus.
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2.40–14.92]) and lowest in Africa (1.02 [95% CI, .82–1.28]). The 
ratio in developed countries was similar to the overall ratio, at 1.82 
(95% CI, 1.29–2.57) (meta-analysis as Supplementary Figure 13).

Clinical Syndrome (Sepsis or Meningitis)

Twenty-three percent of all GBS invasive cases (95% CI, 14%–
32%) were meningitis. Among EOGBS cases, 78% (95% CI, 
67%–88%) had sepsis and 16% (95% CI, 8%–25%) had menin-
gitis (meta-analysis of meningitis cases among EOGBS cases in 
Supplementary Figure 14). The meningitis/sepsis ratio was 0.18 
(95% CI, .13–.25). Among LOGBS cases, there was a lower per-
centage of sepsis; 53% (95% CI, 43%–62%) had sepsis and 43% 
(95% CI, 34%–51%) had meningitis (meta-analysis of meningi-
tis cases among LOGBS cases in Supplementary Figure 15). The 
meningitis:sepsis ratio was 0.78 (95% CI, .55–1.10).

Sensitivity Analyses to Assess Bias

Among facility-based studies with facility births denominator 
(n  =  71), the incidence among infants 0–89  days of age was 
slightly higher than the main analysis (0.53 [95% CI, .44–.61]). 
The highest incidence was in Southern Africa (2.00 [95% CI, 
.73–3.26]) and the lowest in Southeastern Asia (0.21 [95% CI, 
.09–.32]) (Supplementary Figure  16). EOGBS incidence was 
0.43 (95% CI, .35–.50) per 1000 live births (Supplementary 
Figure  17) and LOGBS incidence was 0.31 (95% CI, .24–.38) 
per 1000 live births (Supplementary Figure 18).

When we limited estimates of EOGBS to studies with 
reported data for days 0–6 of life (42/74 studies with EOGBS 
data reported), EOGBS incidence (0.42 [95% CI, .35–.49]) was 
similar to the main analysis (meta-analyses in Supplementary 
Figure 19).

Figure 5. Global distribution of group B Streptococcus (GBS) serotypes in invasive disease in young infants (N = 6500 isolates). A, Prevalence of GBS serotypes presented as 
percentage (number of cases). B, Distribution of GBS serotypes by region. Serotypes included in a pentavalent vaccine are shown in blue and those not included are shown in red.
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When we limited LOGBS estimates to studies with complete 
data for days 7–89 after birth (11/33 studies), the incidence esti-
mate was 0.40 per 1000 live births (95% CI, .27–.53), higher than 
the main analysis (meta-analysis in Supplementary Figure 20). 
Including only studies with data for days 7–27 after birth (3/32 
studies), the incidence was 0.16 per 1000 live births (95% CI, 
.08–.24) (meta-analysis in Supplementary Figure 21).

When we limited estimates of the EOGBS to LOGBS ratio 
to studies considered to be less subject to bias (14 studies [22–
25, 31, 42, 52, 56, 62, 63, 73, 81]), the estimated ratio was 1.11 
(95% CI, .96–1.30) and, unlike the main analysis, was similar 
across geographic regions (meta-analysis in Supplementary 
Figure 13).

DISCUSSION

Our comprehensive review and meta-analyses represent an 
important update to the previous global invasive infant GBS 
disease burden estimates [9], and most notably include new 
data from LMICs (18 new studies from 10 LICs and LMICs). 
Infant invasive GBS disease incidence and case fatality is high 
in every world region, yet likely considerably underestimated 
in settings with limited access to care and diagnostics as <10% 
of neonates with suspected serious infection have a positive 
blood culture [139, 140]. The overall estimated incidence of 
infant GBS disease, 0.49 per 1000 live births, is slightly lower 
than the previous estimate of 0.53 per 1000 live births (95% CI, 
.41–.62) [9]. While fewer studies in this review reported IAP use 
compared to the previous review (66% vs 77.0%), more weight 
(>50%) was applied to the data from Europe and the Americas 
where IAP is in use. The reduction in overall incidence is likely 
driven by lower incidence of invasive infant GBS disease in the 
Americas (0.43/1000 live births here vs 0.67/1000 live births in 
the previous review), and Europe (0.53 vs 0.57/1000 live births). 
This difference, especially in the United States where infant 
GBS rates declined notably during the study period, reflects the 
use of more recent data in our analysis.

Similarly, the incidence of invasive infant GBS disease in 
Africa (1.12/1000 live births) was also slightly lower than pre-
viously reported, although >2 times higher than in developed 
countries (0.46/1000 live births). This is the result of broader 
incidence data from Africa, including large studies in South 
Africa [24, 42, 96] Mozambique ”(Sigaúque et al, Unpublished 
data)”, and Gambia [68] reporting a high incidence of inva-
sive GBS disease, in contrast to studies in Nigeria [28, 77] and 
Zambia [62] reporting a very low incidence. Our point estimate 
for EOGBS incidence for Africa was higher compared to that 
reported in the most recent worldwide review [9], although 
LOGBS incidence for the same region was similar in both 
reviews [9]. There are many possible reasons for the increase in 
EOGBS incidence in Africa, which could be due to true emer-
gence, increases in comorbidities such as HIV [42], or improved 
data collection to detect early disease. This high incidence is 

important in terms of total burden, as CFRs in Africa were also 
4 times higher than in developed countries (18.9% and 4.7%, 
respectively); thus the greatest burden of cases, and deaths, is 
in Africa. However, our data are limited to few African studies 
mostly in Southern and Eastern Africa.

There are other important regional differences. The inci-
dence of infant GBS disease was strikingly low in Asia at 0.31 
per 1000 live births, with the lowest incidence in Southeast 
Asia (0.21/1000 live births). This may reflect a true regional dif-
ference, which could be related to differences in lower overall 
prevalence of maternal colonization and/or lower prevalence of 
serotype III [13], which is more commonly associated with the 
most virulent clone, clonal complex 17. Some of the difference 
may also be due to incomplete case ascertainment, being in Asia 
more challenging as they have more home births than Africa. 
For the earliest-onset cases (<24 hours of birth), differences in 
access to care and rapid and high case fatality can reduce case 
ascertainment. Cerebrospinal fluid sampling is infrequently 
performed in many parts of this region and that would reduce 
the apparent incidence of LOGBS disease, which is more fre-
quently associated with meningitis. However, the lack of 
late-onset cases in this region does not fully align with those 
reasons and also suggests there may be more at play, potentially 
related to strain differences, level of natural acquired protective 
maternal antibody, or other host, environmental, or behavioral 
factors that may affect disease burden.

Difficulties in case ascertainment in LICs likely contribute to 
the higher incidences observed when the analysis was limited to 
facility-based studies, particularly in Africa. Studies in contexts 
where access to care, particularly for home deliveries, is difficult 
are likely to underestimate EOGBS disease incidence, due to the 
preponderance of cases with onset on day zero, which can be 
as high as 90% in studies with high-quality ascertainment but 
was 68% among the studies we included where this informa-
tion could be extracted. Late-onset disease is likely underesti-
mated too, due to studies that did not capture cases for the full 
7–89 days; the sensitivity analysis showed the incidence of late 
onset disease to be almost twice as high (0.40 vs 0.26) when 
only studies with data for days 7–89 were included. This may 
result in an underestimation of the burden of GBS meningitis in 
particular, a significant concern given the morbidity associated 
with this condition.

Differences in the early- to late-onset disease ratios in differ-
ent regions in the main analysis may also reflect (and reveal) 
biases in the data. Asia had the highest ratio of EOGBS disease to 
LOGBS disease, with the lowest in Africa (5.99 vs 1.02). It is pos-
sible that Asia has less LOGBS disease, consistent with the lower 
prevalence of maternal colonization with serotype III, a serotype 
commonly associated with LOGBS disease. Interestingly, when 
limiting the EOGBS:LOGBS ratio to high-quality studies, the 
estimate was similar across regions and lower than the overall 
EOGBS:LOGBS ratio. This is likely to be influenced by those 
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countries with widespread IAP as well as South Africa, which 
may have a uniquely low ratio due to the high prevalence of 
maternal HIV infection, which predisposes to late-onset disease. 
However, no study from Asia was included in this analysis.

In terms of serotypes causing invasive disease, serotype III 
accounted for over half of all disease-causing isolates followed 
by serotypes Ia, V, and II, consistent with previous work [9, 141]. 
Disease-causing serotypes were similar in prevalence across dif-
ferent regions, with some slight variations. The lowest preva-
lence of serotype III (where data were available) was found in 
South America and Southeast Asia, 2 of the regions with the 
lowest prevalence of serotype III among colonized pregnant 
women [13]. Serotype distribution was similar to that reported 
in the previous review [9], suggesting stability over time.

Our findings suggest GBS disease is an important cause of 
infant disease, despite the limitations in the data and uncer-
tainties about the low incidence in Asia. In Africa, where the 
incidence is highest, the CFR is also highest, suggesting this is 
the region where prevention strategies are most critical to intro-
duce. Existing preventive strategies using IAP are not usually 
available in low-income contexts and, with a higher number 
of home deliveries and late presentation to health facilities for 
delivery, IAP may be more difficult to implement. Maternal 
vaccination offers an alternative strategy, and the data we have 
suggest that a pentavalent conjugate vaccine (including Ia/Ib/II/
III/V) would cover almost all disease-causing serotypes (96%) 
in young infants worldwide (Table 2).
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Table 2. Key Findings and Implications

What’s new about this?
• Most comprehensive review to date of published data, and supplemented by unpublished data, including more data especially from LICs and LMICs with 

total of 18 studies from 10 LICs and LMICs.
• Extensive attempts to standardize inputs and to assess biases through a set of sensitivity analyses.

What was the main finding?
• GBS is an important cause of invasive disease among infants worldwide, despite widespread use of intrapartum antibiotic prophylaxis in many countries in 

developed regions.
• Highest incidence is in Africa; the lowest incidence is in Asia and not fully explained by these data.

How can the data be improved?
• Lower incidence in Asia may be partially explained by lower maternal colonization rates and less-virulent serotypes, but more data are required to better 

understand regional differences.
• Improved reporting of studies to better understand the biases in the data reported, for example, if low case ascertainment in the first 24 hours after birth, 

may be reducing reported GBS incidence rates, and if this occurs more frequently in some regions.

What does it mean for policy and programs?
• Prevention strategies are needed in all settings and particularly in the highest-burden settings (in Africa)
• Higher proportion of meningitis is among LOGBS cases, for which there are currently no preventive strategies.
• A pentavalent vaccine (serotypes Ia/Ib/II/III/V) would cover the GBS serotypes causing almost all (96%) invasive disease in infants.

Abbreviations: GBS, group B Streptococcus; LIC, low-income context; LMIC, low- to middle-income context; LOGBS, late-onset group B Streptococcus.
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ABSTRACT 

BACKGROUND 

Surgical site infections remain one of the most frequent complications in open abdominal surgery. This study compared the 

effectiveness of Triclosan-coated PDS Plus and non-coated PDS II after monolayer abdominal fascia closure in preventing SSI in 

open abdominal surgeries. 

 

MATERIALS AND METHODS 

The randomised controlled trial was conducted in the Department of General Surgery, KLES Dr. Prabhakar Kore Hospital and 

Medical Research Centre, Belgaum for a period of one year from January 2014 to December 2014 were studied. A total of 60 

patients undergoing open abdominal surgeries (clean contaminated) were enrolled. These patients were divided into two groups 

of 30 each based on suture material used to close the abdominal fascia in monolayer as Group A (PDS II sutures) and Group B (PDS 

plus sutures). 

 

RESULTS 

Most of the patients were males in Group A and B (63.33%) with males to female ratio of 1.72:1 (p= 1.000). The mean age in Group 

A and Group B was comparable (39.90 ± 11.67 vs 41.67 ± 16.08 years; p= 0.687). Other pre-intervention characteristics were 

comparable (p > 0.050). On post-operative day two, discharged (63.33% vs 70%) positive culture (81.82% vs 77.78%) were 

comparable. The commonest organism in Group A was Escherichia coli and pseudomonas aeruginosa (27.27%) and in Group B, 

pseudomonas aeruginosa was the commonest organism (22.22%) (p > 0.050). Similar trend was noted on day six and ten. Pain, 

local tenderness, redness, raised local temperature, fever were comparable in Group A and Group B on day two and ten (p > 0.050). 

The surgical site infections were present in 43.33% of the patients in Group A compared to 30% of the patients in Group B 

(p=0.284). 

 

CONCLUSION  

Abdominal fascia closure with Triclosan-coated PDS Plus sutures is as effective as non-coated PDS sutures after monolayer closure 

in clean contaminated open abdominal surgeries in the prevention of surgical site infections. 
 

KEYWORDS 
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BACKGROUND 

Post-operative wound infection is considered as surgeon’s 

nightmare.1 Surgical Site Infections (SSIs) are infections of 

tissues, organs or spaces exposed by surgeons during 

performance of an invasive procedure and remain one of the 

most frequent complications in open abdominal surgery. This 

complication while seemingly infrequent adds to the 

morbidity and delays wound healing.2 

It was not until late 1860s, after Joseph Lister introduced 

the principles of antisepsis, that post-operative infectious  
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morbidity decreased substantially.3 In 1992, the US Centers 

for Disease Control (CDC) revised its definition of ‘wound 

infection’ creating the definition ‘Surgical Site Infection’ (SSI). 

The Centers for Disease Control and Prevention (CDC)4 has 

classified Surgical Site Infections (SSI) into superficial or deep 

or organ/space SSIs occurring within 30 days of surgery. 

An estimated 2,342 million surgeries were performed 

annually resulting in more than 7 million complications 

worldwide.5 According to the CDC Healthcare-Associated 

Infection (HAI) prevalence survey, there were an estimated 

157,500 surgical site infections associated with inpatient 

surgeries in 2011.6 NHSN data for 2006 - 2008 (16,147 SSIs 

following 849,659 operative procedures) showed an overall 

SSI rate of 1.9%.7 The incidence of SSIs with regard to 

abdominal surgical sites and operating conditions is between 

1.5 to 3.7% for clean wounds, 3 to 4% for clean-contaminated 

wounds, 8.5% for contaminated wounds and as high as 28 to 

40% for dirty-infected wounds. In India, various studies have 

reported high SSI incidence rates.8 

Surgical site infection is a dangerous condition and a 

heavy burden on the patient and social health system. These 
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infections lengthen hospital stay for an average up to seven 

days. Potential sources of infection are the patient (especially 

contamination by alimentary tract bacteria), hospital 

environment, food, other patients, staff, infected surgical 

instruments, dressings and even drugs and injections.9 

SSIs are associated with a two-fold increased relative risk 

of in-hospital mortality10 and over one-third of postoperative 

deaths in patients with SSIs are attributable to the infection.11 

Furthermore, several studies have shown an increase in the 

length of hospital stay between 6 - 24 days.12 The resulting 

direct costs have to be added to the indirect costs resulting in 

substantial expenses to the healthcare system and the 

society.13 

The causes of SSIs are multifactorial, but crucially SSIs are 

preventable.14 Patient-related factors such as comorbidities 

(e.g. Diabetes Mellitus) or lifestyle habits (e.g. Smoking) have 

to be taken into account, but are difficult to change once an 

intervention is needed. Therefore, further efforts on the 

surgeon’s side are required to reduce the frequency of SSI.15 

A wide variety of aerobic and anaerobic species of 

bacteria may be present, either single or in combination. The 

most frequent pathogens causing postoperative SSIs 

following abdominal surgery are endogenous pathogens from 

the skin or gastrointestinal tract.3 

Although, there are other methods for mechanical wound 

closure such as staples, tape and adhesives, sutures are the 

most widely used materials in wound closure. Surgical site 

infections are also related to suture.9 A suture is a biomaterial 

device, natural or synthetic, used to approximate tissues 

together following separation by surgery or trauma. It can 

also be used to denote the method used for mechanical 

wound closure.16 

One important factor in the development of SSI is 

bacterial colonisation of suture material, especially on 

braided sutures and around suture knots.17 Microorganisms 

colonise the suture as it is passed through human tissue in 

the surgical wound, which then forms a “biofilm” that confers 

immunity from antimicrobial treatment and the immune 

system.18 Once a biofilm is established, it is difficult to remove 

the organism and this potentiates the risk of developing an 

SSI. Hence, the idea of using sutures with antibacterial 

properties was a logical extension to minimise this risk. 

Triclosan (2, 2, 4’-trichloro-2’-hydroxyphenyl ether) is 

synthetic broad-spectrum anti-microbial agent present in the 

market for more than 40 years, mainly in the personal care or 

consumer products. Currently, Triclosan is found in variety of 

skin care or personal care products such as hand soaps, 

shower gels, mouth washes, deodorant soaps, toothpastes, 

etc. Use of Triclosan in healthcare industry started in 1972, in 

surgical scrubs. It has also been used in other medical 

products such as hand scrubs, skin antiseptics, ointments, 

impregnated/coated catheters and sutures.19 

However, there is scarcity of the literature on the role of 

Triclosan-coated PDS plus suture in reducing surgical site 

infections in settings of open abdominal surgeries. Hence, the 

present study was planned to compare the effectiveness of 

Triclosan-coated PDS plus for abdominal fascia closure in 

preventing SSI compared to non-coated PDS sutures after 

monolayer closure in open abdominal surgeries. 

 

MATERIALS AND METHODS 

This randomised controlled trial was carried out in the 

Department of Surgery of a tertiary care centre situated in 

North Karnataka from January 2014 to December 2014. 

Based on the previous literature, considering P1 as 11.3% 

and the P2 as 6.4% and the sample size calculated was 305 

per group. However, as it was not feasible in the current 

setting, the sample size was taken as 60 patients undergoing 

open abdominal surgeries (clean contaminated) divided into 

two groups of 30 each of either sex with age more than 14 

years were included in the study. Patient’s diabetes mellitus 

or immunodeficiency, received systemic antibiotics within 2 

weeks of proposed surgery and contaminated and dirty cases 

were excluded from the study. Prior to the commencement, 

the Ethical Clearance was obtained from the Institutional 

Ethics Committee. The selected patients were briefed about 

the nature of study and a written informed consent was 

obtained prior to the enrolment. 

The selected patients were briefed about the nature of the 

study and a written informed consent was obtained. 

Demographic data like sex and age were collected along with 

relevant history. A thorough clinical examination was done 

and the findings were recorded on predesigned and pretested 

proforma. The present study did not require specific 

investigations. However, routine investigations required for 

the surgical fitness including complete blood count, blood 

urea, serum creatinine, chest x-ray and echocardiography 

were done. 

Based on the wound closure technique, patients were 

randomised into two groups of 30 each by Opaque Envelope 

Method as Group A (Primary fascial closure with PDS II 

sutures) and Group B (Primary fascial closure with PDS plus 

sutures). 

In both the groups, shaving of the abdomen from nipple to 

mid-thigh prior to surgery was done. On the operation table, 

the abdomen was cleaned with povidone iodine and spirit. 

Injection ciprofloxacin 100 mL IV and Inj. metronidazole 100 

mL IV were given prior to skin incision. All the patients had 

standard analgesic and antibiotics protocol. 

Patients in both the groups underwent open abdominal 

surgeries using similar instruments and accepted general 

principles of surgery. The closure of wound was done in 

monolayer. Patients in Group A underwent primary fascial 

closure with PDS II sutures. Patients in Group B underwent 

primary fascial closure with PDS plus sutures. The patients 

were postoperatively medicated with Inj. Ciprofloxacin 100 

mL IV twice daily and Inj. metronidazole 100 mL thrice daily 

and if indicated and were changed to higher antibiotics 

accordingly. Patients were followed on postoperative day 2, 6 

and 10. 

Patients were evaluated for discharge/pus from the 

wound, if any during post-operative followup on 

postoperative day 2, 6 and 10. In cases with presence of 

discharge/pus, samples were collected and sent for culture 

and sensitivity. Also, the wound was inspected for local 

tenderness, redness and raised local temperature. Further 

patients were also evaluated for pain and fever. The 

assessment of pain was subjective. 

The endpoint of the study was presence or absence of 

‘Postoperative surgical site infection.’ An incisional surgical 

site infection was considered to be positive if surgical wound 

drained purulent material or if the surgeon judges it to be 
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infected and opens it. The surgical wound infection was 

defined according to US Center for Disease Control and 

Prevention (CDC) as SSI.20 

 

Statistical Analysis 

The data was tabulated on Microsoft Excel spread sheet. The 

data was analysed using SPSS version 20.0. Categorical data 

was expressed as rates, ratios and percentages and 

continuous data was expressed as mean ± SD. Categorical 

data was compared using Chi-square test or Fisher’s exact 

test and continuous data was compared using independent 

sample ‘t’ test. A probability value of ≤ 0.050 at 95% 

confidence interval was considered as statistically significant. 

 

RESULTS 

In the present study, 63.33% of the patients in Group A and 

Group B were males and male-to-female ratio was 1.72:1 in 

both the groups. 50% of the patients in Group A were aged ≤ 

30 years, while in Group B 33.33% of the patients were aged 

31 to 40 years. However, this difference was statistically not 

significant (p= 0.262). The mean age in Group A and Group B 

was comparable (39.90 ± 17.67 years vs 41.67 ± 16.08 years; 

p= 0.687). 40% of the patients in Group A presented with 

fever compared to 23.33% in Group B. However, this 

difference was statistically not significant (p= 0.165). The 

features of vomiting at presentation were noted in 43.33% of 

the patients in Group A compared to 63.33% in Group B, but 

the difference was statistically not significant (p= 0.121). 

Abdominal examination revealed tenderness in 60% of the 

patients who were in Group A and 53.33% in Group B 

(p=0.602). The mean pulse rate, respiratory rate, systolic and 

diastolic blood pressure were comparable in Group A and B 

(p > 0.050). Table 1 shows distribution of patients according 

to the type of surgery and it was observed that comparable in 

Group A and B (p= 0.172) Table 2 shows wound examination 

findings on day two. It was observed that pain, local 

tenderness, redness, raised local temperature, discharge and 

fever were present in 56.67%, 53.33%, 40%, 40%, 36.67% 

and 26.67% of the patients in Group A compared to 40%, 

36.67%, 33.33%, 33.33%, 30% and 20% in Group B 

respectively. However, the differences observed in Group A 

and B were statistically not significant (p > 0.050). On day 

two, positive culture was noted in 81.82% of the patients who 

had discharge/pus in Group A compared to 77.78% in Group 

B. However, the differences observed in Group A and B were 

statistically not significant (p= 1.000). Pseudomonas 

aeruginosa was the commonest organism isolated in 27.27% 

of the patients in Group A and 22.22% in Group B (p= 0.935) 

(Table 3). 

On day six most of the patients had discharge in Group A 

(43.33%), while in Group B most of the patients reported 

pain (30%). However, the wound observations made on day 

six did not vary significantly in Group A and B (p > 0.050) 

(Table 4). Wound culture was positive in 46.15% of the 

patients who had discharge/pus in Group A compared to 

62.50% in Group B (p= 0.659). Pseudomonas aeruginosa was 

the commonest organism isolated in Group A (23.08%) and B 

(25%) (p= 0.334) (Table 5). 

Wound examination on day ten revealed discharge in 

16.67% of the patients in Group A, and redness in 10% of the 

patients in Group B. However, the wound characteristics on 

day ten were comparable in Group A and B (p > 0.050)  

(Table 5). In patients with presence of discharge/pus on day 

ten, wound culture was positive in 40% of the patients among 

the patients of Group A compared to 50% in Group B. Wound 

culture revealed 20% of the patients with MRSA in Group A 

compared to 50% in Group B (p= 0.671) (Table 7). The 

surgical site infections were present in 43.33% of the patients 

in Group A and 30% of the patients in Group B. However, this 

difference was statistically not significant (p= 0.284)       

(Graph 1). 

 

Type of Surgery 
Group A (n=30) Group B (n=30) 
No. % No. % 

Small bowel resection 
and anastomosis 

8 26.67 8 26.67 

Appendectomy 7 23.33 3 10.00 
Splenectomy 3 10.00 5 16.67 

Right hemicolectomy 4 13.33 2 6.67 
Gastrojejunostomy 0 0.00 3 10.00 

Ileostomy 3 10.00 0 0.00 
Pancreaticojejunostomy 2 6.67 1 3.33 

Feeding jejunostomy 0 0.00 2 6.67 
Fundoplication 0 0.00 2 6.67 

Diversion colostomy 1 3.33 1 3.33 
Abdominoperineal 

resection 
0 0.00 2 6.67 

Cystogastrostomy 2 6.67 1 3.33 
Total 30 100.00 30 100.00 

Table 1. Comparison of Type of Surgery 
 

P= 0.172 

 

Findings Findings 
Group A  
(n=30) 

Group B  
(n=30) 

P  
value 

No % No % 
Pain Absent 13 43.33 18 60.00 0.196 

 Present 17 56.67 12 40.00  
 Total 30 100.00 30 100.00  

Local 
Tenderness 

Absent 14 46.67 19 63.33 0.194 

 Present 16 53.33 11 36.67  
 Total 30 100.00 30 100.00  

Redness Absent 18 60.00 20 66.67 0.592 
 Present 12 40.00 10 33.33  
 Total 30 100.00 30 100.00  

Raised Local Absent 18 60.00 20 66.67 0.592 
Temperature Present 12 40.00 10 33.33  

 Total 30 100.00 30 100.00  
Discharge Absent 19 63.33 21 70.00 0.584 

 Present 11 36.67 9 30.00  
 Total 30 100.00 30 100.00  

Fever Absent 22 73.33 24 80.00 0.542 
 Present 8 26.67 6 20.00  
 Total 30 100.00 30 100.00  
Table 2. Wound Examination Findings on Day Two 

 

Findings Findings 
Group A  
(n=11) 

Group B  
(n=9) 

P 
value 

No % No % 
Culture Negative 2 18.18 2 22.22 1.000 

 Positive 9 81.82 7 77.78  
 Total 11 100.00 9 100.00  

Organism 
Coagulase-neg 
staphylococci 

0 0.00 1 11.11 0.935 

 E. coli 3 27.27 1 11.11  
 Enterobacter sp. 0 0.00 1 11.11  

 
Pseudomonas 

aeruginosa 
3 27.27 2 22.22  
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Staphylococcus 

aureus 
2 18.18 1 11.11  

 
Staphylococcus 

epidermidis 
1 9.09 1 11.11  

 No growth 2 18.18 2 22.22  
 Total 11 100.00 9 100.00  

Table 3. Comparison of Wound Culture  
and Organisms on Day Two 

 

Findings 
 

Findings 
Group A 
 (n=30) 

Group B  
(n=30) 

P  
value 

No % No % 
Discharge Absent 17 56.67 22 73.33 0.176 

 Present 13 43.33 8 26.67  
 Total 30 100.00 30 100.00  

Local Absent 18 60.00 23 76.67 0.165 
Tenderness Present 12 40.00 7 23.33  

 Total 30 100.00 30 100.00  
Pain Absent 19 63.33 21 70.00 0.584 

 Present 11 36.67 9 30.00  
 Total 30 100.00 30 100.00  

Redness Absent 20 66.67 22 73.33 0.573 
 Present 10 33.33 8 26.67  
 Total 30 100.00 30 100.00  

Raised Local Absent 21 70.00 24 80.00 0.371 
Temperature Present 9 30.00 6 20.00  

 Total 30 100.00 30 100.00  
Fever Absent 22 73.33 28 93.33 0.038 

 Present 8 26.67 2 6.67  
 Total 30 100.00 30 100.00  

Table 4. Wound Examination Findings on Day Six 

 

Findings Findings 
Group A 
(n=13) 

Group B 
(n=8) 

P 
value 

No % No % 
Culture Negative 7 53.85 3 37.50 0.659 

 Positive 6 46.15 5 62.50  
 Total 13 100.00 8 100.00  

Organism Enterobacter sp. 2 15.38 0 0.00 0.334 

 
Pseudomonas 

aeruginosa 
3 23.08 2 25.00  

 
Staphylococcus 

aureus 
1 7.69 2 25.00  

 
Staphylococcus 

epidermidis 
0 0.00 1 12.50  

 No growth 7 53.85 3 37.50  
 Total 13 100.00 8 100.00  

Table 5. Comparison of Wound Culture and Organism on 
Day Six 

 

Variables Findings 
Group A  
(n=30) 

Group B  
(n=30) 

p 
value 

No % No % 
Discharge Absent 25 83.33 28 93.33 0.212 

 Present 5 16.67 2 6.67  
 Total 30 100.00 30 100.00  

Pain Absent 25 83.33 28 93.33 0.212 
 Present 5 16.67 2 6.67  
 Total 30 100.00 30 100.00  

Local  
Tenderness 

Absent 26 86.67 29 96.67 0.177 

 Present 4 13.33 1 3.33  
 Total 30 100.00 30 100.00  

Fever Absent 27 90.00 30 100.00 0.119 
 Present 3 10.00 0 0.00  
 Total 30 100.00 30 100.00  

Redness Absent 28 93.33 27 90.00 0.500 
 Present 2 6.67 3 10.00  
 Total 30 100.00 30 100.00  

Raised Local Absent 28 93.33 29 96.67 0.500 
Temperature Present 2 6.67 1 3.33  

 Total 30 100.00 30 100.00  
Table 6. Wound Examination Findings on Day Ten 

 

Findings Findings 
Group A  

(n=5) 
Group B  

(n=2) 
P  

value 
No % No % 

Culture Negative 3 60.00 1 50.00 1.000 
 Positive 2 40.00 1 50.00  
 Total 5 100.00 2 100.00  

Organism MRSA 1 20.00 1 50.00 0.671 

 
Pseudomonas 

aeruginosa 
1 20.00 0 0.00  

 No growth 3 60.00 1 50.00  
 Total 5 100.00 2 100.00  

Table 7. Comparison of Wound Culture and  
Organism on Day Ten 

 

 
 

P= 0.284 

 

DISCUSSION 

In the present study, slight male preponderance was noted as 

male-to-female ratio in Group A and Group B was 1.72:1 with 

63.33% of the patients each in both the groups. However, the 

sex distribution pattern in Group A and Group B were 

comparable (p= 0.262). A prospective randomised controlled 

trial by Justinger et al21 to evaluate the role of PDS II and PDS 

plus reported similar sex distribution pattern. 

In this study, nearly half of the study population (50%) in 

Group A was aged ≤ 30 years, whereas 33.33% of the patients 

in Group B were aged 31 to 40 years. The mean age in Group 

A was noted as 39.90 ± 11.67 years and in Group B it was 

41.67 ± 16.08 years. However, this difference was statistically 

not significant suggesting that age distribution in the study 

population in Group A and B was almost equal (p > 0.050). 

However, the mean age observed in the present study was 

low compared to a study by Justinger et al.21 

In this study, the clinical presentation including fever (p= 

0.165) and vomiting (p= 0.121) were comparable in patients 

with Group A and Group B. On systemic examination, the 

mean pulse rate, respiratory rate, systolic and diastolic blood 

pressure in Group A and Group B were comparable 

(p>0.050). Abdominal examination revealed tenderness in 

most of the patients, which was also comparable in Group A 

and Group B (p= 0.602). Furthermore, small bowel resection 

was the commonest surgery which was performed in 26.67% 

of the patients each in Group A and Group B (p= 0.172). 

These findings suggest that demographic, clinical and 

surgical characteristics of the patient in Group A and Group B 
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did differ significantly (p > 0.050) ruling out the possible bias 

in the results. 

In the present study wound examination of day two 

revealed pain in 56.67%, local tenderness in 53.33%, redness 

and raised local temperature in 40% each, discharge in 

36.67% and fever in 26.67% of the patients in Group A. The 

frequency of these features was slightly low in patients with 

Group B, that is pain was present in 40%, local tenderness in 

36.67%, redness and raised local temperature in 33.33% 

each, discharge in 30% and fever in 20%. However, the 

difference observed between Group A and Group B pertaining 

to the feature of pain, local tenderness, redness, raised local 

temperature, discharge and fever was statistically not 

significant (p= 0.050). 

During the examination on day six, 43.33% of the patients 

in Group A had discharge as compared to 26.67% of the 

patients in Group B (p= 0.176). In Group B, most of the 

patients, that is 30% had pain compared to 36.67% in Group 

A (p= 0.584). On day ten, discharge was present in 16.67% of 

the patients in Group A compared to 6.67% in Group B (p= 

0.212). In Group B, redness was noted in 10% of the patients 

compared to 6.67% of the patients in Group B (p= 0.500). 

These findings suggest that Group B where patients 

underwent primary fascial closure with PDS plus Triclosan-

coated sutures resulted in lower rates of pain, local 

tenderness, redness, raised local temperature, discharge and 

fever compared to primary fascial closure with PDS II 

sutures, but as the differences observed were statistically not 

significant (p > 0.050). 

In the present study among the patients with 

discharge/pus, rate of positive wound culture was 81.82% 

among the patients in Group A on day two. This rate of 

positive wound culture on day six reduced to 46.15% and 

40% on day ten. Among the patients with Group B, the rate of 

positive wound culture was 77.78% on day two which 

reduced to 62.50% on day six and 50%. Further, 

pseudomonas aeruginosa was the commonest isolate in 

Group A and Group B on day two as well as day six, while 

MRSA was the commonest organism isolated on day ten. 

However, the rate of positive wound culture and organism 

profile in Group A and Group B were comparable (p > 0.050). 

These findings suggest that PDS plus Triclosan-coated 

sutures and PDS II sutures offer similar antimicrobial 

properties. 

In the present study, frequency of surgical site infections 

was high (43.33%) in patients with Group A compared to 

Group B (30%), but the difference was statistically not 

significant (p= 0.284). These findings suggest that PDS plus 

Triclosan-coated sutures have positive role in reduction of 

surgical site infection, but not significant compared to PDS II 

sutures. 

Wide range of published studies is available for toxicity 

profile of Triclosan, antibacterial profile and clinical 

effectiveness of TCS. However, in contrast to our findings they 

have reported statistical significant results favouring TCS in 

reduction of risk of SSIs. 

Daoud FC et al22 in 2014 analysed the data from 15 RCTs 

totalling 4000 patients (TCS= 2323) and NTCS= 2477). Use of 

TCS was associated with a decrease in SSIs in selected patient 

population (RR= 0.67; P= 0.00053), means 33% reduction in 

risk of developing SSIs. TCS showed highly statistical 

significant results in lowering risk of SSI. TCS was effective in 

clean (P= 0.001), clean-contaminated (P= 0.010) and 

contaminated incisions (P= 0.026). SLR result was robust to 

the removal of three RCTs. SLR showed highly statistical 

significant results favouring TCS in reduction of risk of SSI 

and robustness of clinical results - relative risk independent 

of confounding factors. 

Edmiston CE et al23 in 2013 conducted a meta-analysis in 

response to recently published systematic reviews and meta-

analysis which have suggested about no benefits of 

antimicrobial-coated suture in reducing the Surgical Site 

Infections (SSI). Authors have highlighted poor selection of 

available RCT and low patient numbers for these meta-

analyses. The primary endpoint of the systematic review was 

to determine the ratio of patients who developed an SSI in 

two comparative groups: closure with TCS versus NTCS 

sutures. Total 13 RCTs were selected, totalling 3568 patients 

(TCS= 1654) and NTCS= 1914). Use of TCS was associated 

with a decrease in SSIs in selected patient populations (fixed 

effect: RR= 0.734; P= 0.005; random-effect: RR= 0.693; P= 

0.011), means 27 - 31% reduction in risk of developing SSIs. 

Wang ZX et al24 in 2013 performed meta-analysis with 17 

RCTs covering 3720 patients (TCS= 1726) and NTCS= 1994). 

Results favoured TCS with a pooled RR of 0.70 (P < 0.001) 

without statistical heterogeneity (P for Q test = 0.129, I2 = 29 

percent), means TCS provided significant advantage in 

reducing the rate of SSI by 30%. Subgroup analysis indicates 

statistical significant results of reduction in SSI by using TCS 

in adult patients, abdominal surgery and clean or clean 

contaminated wounds. The advantage of TCS over 

conventional sutures was consistent regardless of length of 

followup. 

Justinger C et al25 has published large retrospective study 

of 2088 patients in mid laparotomy. The results showed the 

decrease in number of SSIs (TCS: 4.9%, NTCS: 10.8%, P < 

0.001) for abdominal wall closure. However, this analysis of 

the use of Triclosan-coated sutures in laparotomy previously 

done by Justinger et al has limitations, few limitations. In the 

sequential design that was employed over a period of 2 years, 

per definition internal validity cannot be assumed with 

certainty. It is not at all unlikely that over this relatively long 

period of time other factors in the patient’s treatment might 

have changed and remained unrecorded, but may have 

contributed to the reduction in SSI. Furthermore, with a 

control of PDS II® sutures in history the intervention group 

received Vicryl plus® sutures, a material different in 

structure (monofil versus braided) and resorption (210 

versus 70 days). Braided and non-braided sutures as well as 

rapidly absorbable and slowly absorbable ones appear to 

differ in bacterial adherence and interrupted rapid 

absorbable sutures increase the risk for development of an 

incisional hernia substantially according to the INLINE 

systematic review.21 

In another prospective comparative study in transverse 

laparotomy for hepatobiliary resections (n= 839), TCS 

showed significant reduction in SSI compared to NTCS arm 

(4.3% vs. 9.2%, P= 0.05).26 

In spinal surgery, TCS found to be effective in reduction of 

wound infection (0.5% vs. 3.9%, p= 0.020).27 

A recent paper on gastric cancer surgery via midline 

laparotomy also showed the reduction of SSI cases in 

abdominal wall closure.28 
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Other prospective studies in digestive tract surgery, 

breast cancer surgeries,29 abdominal surgeries30 and cardiac 

surgeries (sternal site infections),31 TCS was found to be 

effective in minimising the risk of development of SSI post-

surgery. 

Even though these study results suggest the use of 

Triclosan-coated sutures in order to lower the risk for SSIs, 

two important aspects of Triclosan use in healthcare 

products should be discussed. First, it has been shown that 

there is a risk of antimicrobial resistance to Triclosan 

including its use in topical products (e.g. cosmetics), where 

resistance to populations of S. aureus has been reported. This 

must be regarded as a major drawback in the use of Triclosan 

as resistance to antibacterial substances represent a growing 

problem in modern medicine. On the other hand, if the use of 

conventional antibiotics in patients with SSI can be reduced 

by 40% with Triclosan-coated sutures, this may balance or 

outweigh the disadvantages. The second issue is the long 

degradation time of Triclosan and the potential risk for 

bioaccumulation in the environment.21 

The findings of the present study showed comparable 

outcomes among the patients with primary fascial closure 

using PDS plus Triclosan-coated sutures as well as PDS II 

sutures in terms of SSIs, antimicrobial properties as well as 

other characteristics. This can be explained by the several 

facts. Firstly, the present study was performed on patients 

undergoing clean contaminated open abdominal surgeries 

only, while the latter studies have proved the efficacy of PDS 

plus Triclosan-coated sutures in different settings as a study 

by Justinger et al25 included only patients with laparotomy. 

Secondly, the sample size of the present study was small 

(n=30 each), while other studies included large sample size. 

The observations of the present study were similar to the 

results of Diener MK et al in PROUD trial.32 They evaluated 

effectiveness of Triclosan-coated PDS plus sutures for 

abdominal wall closure and reported that the occurrence of 

SSIs did not differ between the PDS plus group (87 [14.8%] of 

587) and the PDS II group (96 [16.1%] of 598; or 0.91, 95% 

CI 0.66 – 1.25; p= 0.64). Serious adverse events also did not 

differ between the groups 146 of 583 (25.0%) patients 

treated with PDS plus had at least one serious adverse event 

compared with 138 of 602 (22.9%) patients treated with PDS 

II; p= 0.39). PROUD trial concluded that Triclosan-coated PDS 

plus did not reduce the occurrence of surgical site infection 

after elective midline laparotomy. 

Overall, the results of this study showed Triclosan-coated 

sutures, that is PDS plus result in lower rate of SSI, but no 

significant reduction was noted. Hence, innovative, 

multifactorial strategies need to be developed and assessed in 

future trials to reduce surgical site infections. 

 

CONCLUSION 

The present study showed that Triclosan-coated PDS plus 

sutures are as effective as PDS II sutures in reducing surgical 

site infection among the patients undergoing clean 

contaminated open abdominal surgeries. Further, Triclosan-

coated PDS plus for abdominal fascia closure results in lower 

rate of pain, local tenderness, redness, raised local 

temperature, discharge and fever compared to primary 

fascial closure with PDS II sutures, but does not reduce 

significantly. Also, the antimicrobial resistance pattern of 

Triclosan-coated PDS plus sutures is comparable with PDS II 

sutures. Hence, it may be concluded that abdominal fascia 

closure using Triclosan-coated PDS plus sutures is as effective 

as non-coated PDS sutures after monolayer closure in clean 

contaminated open abdominal surgeries. 

 

ACKNOWLEDGEMENT 

The authors would like to thank the Head of the Department, 

Department of General Surgery, KLES Dr. Prabhakar Kore 

Hospital and Medical Research Centre, Belgaum for allowing 

us to utilise the infrastructure and facilities. We also extend 

our sincere gratitude to our Principal, Jawaharlal Nehru 

Medical College, for permitting us to conduct this study. Last 

but not the least, authors would like to thank the nursing staff 

and patients without whom this work was not possible. 

 

REFERENCES 

[1] Ananthakrishnan AN, Kanungo R, Kumar A, et al. 

Detection of extended spectrum beta lactamase 

producers among surgical wound infections and 

burns patients in JIPMER. Indian J Med Microbiol 

2000;18(4):160-5. 

[2] Brunicardi CF, Andersen DK. Schwartz's manual of 

surgery. 9th edn. New York, NY: McGraw-Hill 2010. 

[3] Mangram AJ, Horan TC, Pearson ML, et al. The hospital 

infection control practices advisory committee 

guideline for prevention of surgical site infection, 

1999. Special Report. Infect Control Hosp Epidemiol 

1999;20(4):250-78. 

[4] Horan TC, Gaynes RP, Martone WJ, et al. CDC 

definitions of nosocomial surgical site infections, 

1992: a modification of CDC definitions of surgical 

wound infections. Infect Control Hosp Epidemiol 

1992;13(10):606-8. 

[5] Weiser TG, Regenbogen SE, Thompson KD, et al. An 

estimation of the global volume of surgery: a 

modelling strategy based on available data. The 

Lancet 2008;372(9633):139-44. 

[6] Magill SS, Edwards JR, Bamberg W, et al. Multistate 

point-prevalence survey of health care-associated 

infections. N Engl J Med 2014;370(13):1198-208. 

[7] Mu Y, Edwards JR, Horan TC, et al. Improving risk-

adjusted measures of surgical site infection for the 

national healthcare safety network. Infect Control 

Hosp Epidemiol 2011;32(10):970-86. 

[8] Prasannagupta. A study of comparison of infection 

rate among various surgical site infection cases in a 

tertiary care hospital. Int J Biol Med Res 

2013;4(1):2905-9. 

[9] Razavi SM, Ibrahimpoor M, Kashani AS, et al. 

Abdominal surgical site infections: incidence and risk 

factors at an Iranian teaching hospital. BMC Surg 

2005;5:2. 

[10] Kirkland KB, Briggs JP, Trivette SL, et al. The impact of 

surgical-site infections in the 1990s: attributable 

mortality, excess length of hospitalization, and extra 

costs. Infect Control Hosp Epidemiol 

1999;20(11):725-30. 



Jemds.com Original Research Article 

 
J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 6/ Issue 44/ June 01, 2017                                                                           Page 3438 
 
 
 

[11] Astagneau P, Rioux C, Golliot F, et al. Morbidity and 

mortality associated with surgical site infections: 

results from the 1997–1999 INCISO surveillance. J 

Hosp Infect 2001;48(4):267-74. 

[12] Merle V, Germain JM, Chamouni P, et al. Assessment of 

prolonged hospital stay attributable to surgical site 

infections using appropriateness evaluation protocol. 

Am J Infect Control 2000;28(2):109-15. 

[13] De Lissovoy G, Fraeman K, Hutchins V, et al. Surgical 

site infection: incidence and impact on hospital 

utilization and treatment costs. Am J Infect Control 

2009;37(5):387-97. 

[14] Chang WK, Srinivasa S, Morton R, et al. Triclosan-

impregnated sutures to decrease surgical site 

infections: systematic review and meta-analysis of 

randomized trials. Ann Surg 2012;255(5):854-9. 

[15] Rodeheaver GT, Kurtz LD, Bellamy WT, et al. Biocidal 

braided sutures. Arch Surg 1983;118(3):322-7. 

[16] Gomez-Alonso A, Garcia-Criado FJ, Parreno-Manchado 

FC, et al. Study of the efficacy of coated Vicryl plus 

antibacterial suture (Coated polyglactin 910 suture 

with triclosan) in two animal models of general 

surgery. J Infect 2007;54(1):82-8. 

[17] Katz S, Izhar M, Mirelman D. Bacterial adherence to 

surgical sutures. A possible factor in suture induced 

infection. Ann Surg 1981;194(1):35-41. 

[18] Gristina AG, Price JL, Hobgood CD, et al. Bacterial 

colonization of percutaneous sutures. Surgery 

1985;98(1):12-9. 

[19] Sewlikar SA, Pillai RS, Mahajan NS, et al. Triclosan 

coated sutures: an overview of safety and efficacy in 

reducing risk of surgical site infection. Int Surg J 

2015;2(1):1-7. 

[20] Lister J. On a new method of treating compound 

fractures. Lancet 1867;89(2272):326-9,387-9,507-9. 

[21] Justinger C, Slotta JE, Ningel S, et al. Surgical-site 

infection after abdominal wall closure with triclosan-

impregnated polydioxanone sutures: results of a 

randomized clinical pathway facilitated trial. Surgery 

2013;154(3):589-95. 

[22] Daoud FC, Edmiston CE, Leaper D. Metaanalysis of 

prevention of surgical site infections following 

incision closure with triclosan-coated sutures: 

robustness to new evidence. Surg Infect (Larchmt) 

2014;15(3):165-81. 

[23] Edmiston CE, Daoud FC, Leaper D. Is there an 

evidence-based argument for embracing an 

antimicrobial (triclosan)-coated suture technology to 

reduce the risk for surgical-site infections? A meta-

analysis. Surgery 2014;155(2):362-3. 

[24] Wang ZX, Jiang CP, Cao Y, et al. Systematic review and 

meta-analysis of triclosan-coated sutures for the 

prevention of surgical-site infection. Br J Surg 

2013;100(4):465-73. 

[25] Justinger C, Moussavian MR, Schlueter C, et al. 

Antibacterial [corrected] coating of abdominal closure 

sutures and wound infection. Surgery 

2009;145(3):330-4. 

[26] Justinger C, Schuld J, Sperling J, et al. Triclosan-coated 

sutures reduce wound infections after hepatobiliary 

surgery-a prospective non-randomized clinical 

pathway driven study. Langenbecks Arch Surg 

2011;396(6):845-50. 

[27] Ueno M, Saito W, Yamagata M, et al. Triclosan-coated 

sutures reduce wound infections after spinal surgery: 

a retrospective, nonrandomized, clinical study. Spine J 

2015;15(5):933-938. 

[28] Jung KH, Oh SJ, Choi KK, et al. Effect of triclosan-coated 

sutures on surgical site infection after gastric cancer 

surgery via midline laparotomy. Ann Surg Treat Res 

2014;87(6):311-8. 

[29] Laas E, Poilroux C, Bézu C, et al. Antibacterial-coated 

suture in reducing surgical site infection in breast 

surgery: a prospective study. Int J Breast Cancer 

2012;2012:819578. 

[30] Justinger C, Slotta JE, Schilling MK. Incisional hernia 

after abdominal closure with slowly absorbable 

versus fast absorbable, antibacterial-coated sutures. 

Surgery 2012;151(3):398-403. 

[31] Fleck T, Moidl R, Blacky A, et al. Triclosan-coated 

sutures for the reduction of sternal wound infections: 

economic considerations. Ann Thorac Surg 

2007;84(1):232-6. 

[32] Diener MK, Knebel P, Kieser M, et al. Effectiveness of 

triclosan-coated PDS Plus versus uncoated PDS II 

sutures for prevention of surgical site infection after 

abdominal wall closure: the randomised controlled 

PROUD trial. Lancet 2014;384(9938):142-52. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Jemds.com Original Research Article 

 
J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 6/ Issue 45/ June 05, 2017                                                                           Page 3542 
 
 
 

A CROSS-SECTIONAL STUDY TO EVALUATE THE OUTCOME OF PATIENTS ADMITTED TO 
PAEDIATRIC INTENSIVE CARE UNIT BY USING PAEDIATRIC MULTIPLE ORGAN DYSFUNCTION  
SCORE (P-MODS) AT KLES TERTIARY CARE HOSPITAL AND MRC, BELGAUM 
 
Mousin Mustafa Batt1, Roopa M. Bellad2 
 
1Postgraduate Student, Department of Paediatrics, Jawaharlal Nehru Medical College, Belgaum, Karnataka. 
2Professor and HOD, Department of Paediatrics, Jawaharlal Nehru Medical College, Belgaum, Karnataka. 
 
 

 

ABSTRACT 

BACKGROUND 

Objectives- Mortality in PICU is related to the number of organ dysfunction. The PMOD score as a continuous variable, which 

defines and predicts the number of organ dysfunction in successive day of ICU stay can be a good alternative to other scoring 

systems such as PIM and PRISM use as a surrogate for prediction of mortality in PICU. 

The present study was planned in an attempt to evaluate the outcome of patients admitted to PICU by using Paediatric Multiple 

Organ Dysfunction Score (P-MODS). 
 

MATERIALS AND METHODS 

This one-year cross-sectional study was done in the PICU under the Department of Paediatrics, KLES Dr. Prabhakar Kore Hospital 

and Medical Research Centre, Belgaum from January 2014 to December 2014. During the study period, there were a total of 694 

admissions in PICU of which eligible 100 were studied. 
 

RESULTS 

Of the 100 children studied, 59% of the children were boys with boy to girl ratio of 1.43:1 and more than one-third of the children 

(37%) were aged < 1 year and the mean age was 4.65 ± 4.60 years. 56% of the children were from Class II socioeconomic status 

according to modified B. G. Prasad’s classification. The mortality rate was 18%. MODS was noted in 74% of the children and 

mortality was significantly associated with MODS (p= 0.001). Ventilatory support was noted in 24% of the children. In majority of 

the children (70%), the length of hospital stay was ≤ 3 days. Most of the children (42%) had P-MOD score of 4 to 7. The mean 

PMOD scores among the non-survivors were significantly high compared to non-survivors (p < 0.001). The percentage of death in 

children with 0 to 3 P-MOD scores was 3.3%, which was high reaching 60% among the children with P-MOD scores of ≥ 12. The 

mean PMOD scores increased significantly with increase in organ involvement (p < 0.001). Using the cut-off point of 7.5, PMOD 

score showed higher sensitivity (77.78%) and specificity (82.93%) in predicting outcome. 

 

CONCLUSION 

PMOD score strongly correlates with the PICU mortality and no. of organ dysfunction and can be used in PICU for the prediction of 

outcome. 
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BACKGROUND 

Paediatric Intensive Care Units (PICU) aim at promoting 

qualified care with the objective of achieving the best results 

and better progress for critically ill children.1 The rapid 

technology advances in PICU over the past decades has 

resulted in the most sophisticated care of the sick children, 

thus making these units prepared to treat cases of high 

complexity.2,3 

Critical care technological advances coupled with 

spiralling cost of the medical care has resulted in need for 

outcome analysis including risk prediction.2,3 
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Thus, it is necessary to characterise the disease severity, 

assessing its prognosis. In the context of intensive care 

management, a rational and objective way to define and 

quantify severity of illness is through the development of 

probability models predicting mortality risk.4,5 Such models 

allow an increased understanding of the effectiveness of 

different medical interventions, development of standards 

that may guide health care providers in optimising the use of 

available medical resources. Moreover, the use of this 

information may aid in the decision making process by 

physicians and parents.4 Since they compare mortality 

adjusted by disease severity, these scores can also be used for 

comparisons between clinical trials and for planning 

technological resources in this area.1,6,7 

Mortality and length of hospital stay are examples of the 

most used outcomes. Scoring systems are arrived at 

evaluation of the patient’s mortality risk in the ICU by 

assigning a score to patient and predicting the outcome. 

However, patient’s mortality is not only affected by ICU 

performance, but also depends on many other factors such as 

demographic and clinical characteristic of population, 



Jemds.com Original Research Article 

 
J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 6/ Issue 45/ June 05, 2017                                                                           Page 3543 
 
 
 

infrastructure and non-medical factors (administrator, 

management and organisation), case mix and admission 

practice.8 Therefore, there is need for field testing of these 

scoring system in setting different from the one in which they 

were originally developed. 

The principal scores that have been developed for the 

paediatric population are the PRISM (Paediatric Risk of 

Mortality)9 and PIM (Paediatric Index of Mortality)10 with 

their most recent versions being PRISM III and PIM-2.11 

These scores were developed by identifying variables 

relevant to mortality risk and scoring them after a 

multivariate statistical analysis by logistic regression.12 

As mortality is tightly linked to Multiple Organ 

Dysfunction Syndrome (MODS) and prevalence of MODS in 

PICUs range from 11% to 18%, the MODS scores constructed 

as a continuous variable may be a good alternative outcome 

to use as a surrogate for death in the PICU. These scores may 

allow the evaluation of the efficacy of ICU therapies when 

survival is used as the primary outcome.13 

Several MODS scoring systems have been developed and 

validated mainly in adults.13 However, an equivalent MODS 

scoring system is not available for critically ill children. The 

ideal probability model/scoring system would be institution 

independent and population independent. Hence, the present 

study was planned in an attempt to evaluate the outcome of 

patients admitted to PICU by using Paediatric Multiple Organ 

Dysfunction Score (P-MODS) in our setting. 

 

MATERIALS AND METHODS 

The present one-year prospective study was conducted from 

period from January 2014 to December 2014. Patients 

admitted in Paediatric Intensive Care Unit of the Department 

of Paediatrics, teaching hospital attached to KLE University’s 

JN Medical College, Belgaum. The study included 100 children 

who fulfilled the selection criteria. Based on the consecutive 

sampling, every consecutive child admitted to PICU was 

enrolled in the study (Figure 1). 

 

 
 

Figure 1. Consort Diagram showing the Study 

Population 

 

Children younger than 18 years, both medical and 

surgical cases and willing to participate in the study were 

enrolled. The children less than one month old, congenital 

heart diseases, staying in PICU < 1 hour, history of burns and 

discharged against medical advice were excluded from the 

study. Prior to the commencement, the ethical clearance was 

obtained from the Ethical and Research Committee, 

Jawaharlal Nehru Medical College, Belgaum. All the 

parents/caregivers of the infants fulfilling selection criteria 

were explained about the purpose of the study and a written 

informed consent was obtained from parents/caregivers to 

participate in the study before enrolment. 

At admission, a detailed history and systemic examination 

was performed to assess the vital parameters by the 

paediatrician and the findings were recorded on a 

predesigned and pretested proforma. The sociodemographic 

data obtained from the parents was also recorded. After one 

hour of admission, children were evaluated by the resident 

paediatrician and every consecutive child admitted in the 

PICU was enrolled in the study till the sample was achieved 

during the study period. The investigations including lactic 

acid, total bilirubin, fibrinogen, blood urea nitrogen and 

PaO2/FIO2 ratio were done. These investigations were 

repeated at an interval of 24 hours till discharge and noted in 

predesigned and pretested proforma. 

The admission PMOD scores were calculated from the 

data recorded at admission and daily scores from the data 

recorded. The calculation of PMOD score was based on 

highest values within the observed range. The individual 

influence of each variable was summed to produce a final 

PMOD scores. The grading scale for MODS was set from 0 to 4 

for each variable, where 0 represented none or minimal 

dysfunction, whereas a grade of 4 represented severe 

dysfunction (Table 1). 

Based on the clinical presentation, physical examination 

findings, laboratory investigations and diagnosis, patients 

were evaluated for the number organ failure, involvement of 

system at admission, mode of management (Routine care like 

IV fluid, antibiotics, oxygen supplement, inotropes, 

requirement of blood transfusion, immunoglobulins and 

special care like ventilatory support and dialysis) were 

assessed. The study end point was outcome (survival and 

non-survival) and length of hospital stay (number of days 

from admission to discharge). 

 

Statistical Analysis 

The data obtained was coded and entered into Microsoft 

Excel spreadsheet and data was analysed using SPSS version 

20. The categorical data was expressed in terms of rates, 

ratios and percentages and the continuous data was 

expressed in terms of mean ± standard deviation. The 

association between the outcome, clinical and demographic 

characteristics was tested using Chi-square test or Fisher’s 

exact test. The discrimination between survivors and non-

survivors was made using the receiver operating 

characteristic curve (ROC curve).14 If the AUC (Area under 

Curve) is 0.9 or more, it is considered excellent 

discrimination; 0.80 - 0.89 is considered good; and 0.70 - 0.79 

is considered as fair. The accuracy of PMOD scores in 

discriminating the survival was expressed in terms of 

sensitivity, specificity, positive predictive value, negative 

predictive value and positive likelihood ratio. The prediction 

of probability of death was determined by goodness of fit 

predictive model, logistic regression analysis and odds ratio. 

The association in terms of odds ratio was assessed by 

Hosmer-Lemeshow summary Chi-square test and also by the 
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ROC analysis. The correlation of PMOD scores with organ 

failure and hospital stay was done using Pearson’s correlation 

co-efficient. At 95% confidence interval, a probability (p) 

value of ≤ 0.050 was considered as statistically significant. 

 

Variables Range Score 
Lactic acid (mmol/L) < 1 0 

 1 - 2 1 
 2 - 5 2 
 5 - 7.5 3 
 > 7.5 4 

PaO2/FiO2 (μmol/L) < 8.5 0 
 8.50 - 34.2 1 
 34.2 - 85.5 2 
 85.5 - 171 3 
 > 171 4 

Fibrinogen (μmol/L) > 4.4 0 
 4.4 - 3.7 1 
 3.7 - 3.0 2 
 3.0 - 2.0 3 
 < 2.0 4 

Bilirubin (mg/dL) < 0.5 0 
 0.5 - 2.0 1 
 2.0 - 5.0 2 
 5.0 - 10.0 3 
 > 10.0 4 

Blood urea nitrogen < 20 0 
(mg/dL) 20 - 40 1 

 41 - 60 2 
 61 - 80 3 
 > 80 4 

Table 1. Paediatric Multiple Organ Dysfunction (P-MODS) 
Score developed by Graciano AL et al15 

 

RESULTS 

Male constituted 59% and 41% were females with male-to-

female ratio of 1.43:1. Majority of the children improved 

(82%) (Graph 1). No association was found between gender 

and outcome (p= 0.743). More than one-third of the children 

(37%) were aged < 1 year and the mean age was 4.65 ± 4.60 

years. However, the outcome was comparable in different age 

groups (p= 0.325). Class II socioeconomic status was noted in 

56% of the children according to modified BG Prasad’s 

classification. No association was noted between 

socioeconomic class and outcome (p= 1.000). 

Cough, cold and fever (77%), loose stool and vomiting 

(29%), petechiae and ecchymosis (28%), and confusion 

(22%) were the commonest clinical features at presentation. 

Majority of the children had involvement of CVS system 

(82.3%). MODS-2 or more organ was noted in 74% of the 

children and mortality was significantly associated with 

MODS (p= 0.001). Mortality was also observed to be high in 

isolated organ failure (i.e. respiratory p= 0.002 and hepatic 

system p= 0.040). Wide variation was observed in the 

diagnosis of the children and most of the children were 

diagnosed to have dengue fever (18%) followed by febrile 

seizures (4%). 

Ventilatory support was indicated in 24% of the children. 

Significantly higher number of non-survivors required 

ventilatory support (p < 0.001). In majority of the children 

(70%), the length of hospital stay was ≤ 3 days and mean 

length of hospital stay was 2.81 ± 1.82 days. However, mean 

length of hospital stay was comparable in survivors and non-

survivors (p= 0.485) and it did not differ significantly with 

organ failures (two organs, p= 0.845) and (three organs, p= 

0.070). 

Most of the children (42%) had P-MOD score of 4 to 7. 

The mean PMOD scores among the non-survivors were 

significantly high compared to those who survived (p < 

0.001). The survival rate in children with P-MOD scores 

ranging from 0 to 3 and 4 to 7 was 96% and 92.9%. The 

percentage of death in children with 0 to 3 P-MOD scores, i.e. 

3.3% which gradually increased with increase in P-MOD 

scores reaching 60% among the children with P-MOD scores 

of ≥ 12 (Table 1). The mean PMOD scores increased 

significantly with increase in organ involvement (p < 0.001) 

(Table 2). Using the cut-off point of 7.5 PMOD score showed 

higher sensitivity (77.78%) and specificity (82.93%) in 

predicting outcome (50% PPV and 94.44% NPV; positive 

likelihood ratio 4.56 and negative likelihood ratio 0.27) 

(Table 5). 

The ROC curve for predicting outcome using PMOD scores 

yielded maximum sensitivity and specificity at cut-off point of 

7.5. (If the AUC is 0.9 or more it is considered excellent 

discrimination, 0.80 - 0.89 is considered good and 0.70 - 0.79 

is considered as fair) (Graph 2). 

Prediction of probability of death in PICU according to P-

MOD score showed that a child with P-MOD score of 0 had a 

1.2% chance of dying in the PICU, whereas a score of 11 

predicted 51% chance of death (Table 4). This means that the 

probability of death increased with P-MOD scores. Logistic 

regression analysis showed odds of children dying increases 

by 3.118 unit increase in P-MOD score (OR 22.591; 95% CI 

0.56 to 0.83; p < 0.001), i.e. for an increase of 1 in P-MOD 

score, child’s odds of death increases by 22%. The best 

indicators of poor outcome in our study were organ 

dysfunction, requirement of ventilatory support and PMOD 

score. 

 

 
 

 
 

Graph 2. ROC Curve 

Area under the Curve: 0.860; 95%  

CI 0.761 - 0.960; p < 0.001 
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PMOD  
Scores 

Total  
Number 

Outcome 
Survivors Non-Survivors 

No % No % 
0 - 3 30 29 96.7 1 3.3 
4 - 7 42 39 92.9 3 7.1 

8 - 11 23 12 52.2 11 47.8 
≥ 12 5 2 40.0 3 60.0 

Table 2. Association of P-MOD Score with Outcome 
 

P < 0.001 

 

P-MOD 
Score 

Organ Dysfunction 
One Two Three Four 

No. % No. % No. % No. % 
3 or less 15 75.00 4 20.00 0 0.00 1 5.00 

4 to 7 8 19.05 28 66.67 5 11.90 1 2.38 
8 to 11 0 0.00 13 56.52 10 43.48 0 0.00 

> 12 3 20.00 8 53.33 4 26.67 0 0.00 
Total 26 26.00 53 53.00 19 19.00 2 2.00 

Table 3. Association of PMOD Score with Organ 
Dysfunction 

 

P < 0.001 

 

PMOD 
Scores 

Length of Hospital Stay 
Total 

3 or less 4 to 7 8 to 12 
No % No % No % No % 

0 - 3 18 60.00 11 36.67 1 3.33 30 100.00 
4 - 7 29 69.05 13 30.95 0 0.00 42 100.00 

8 - 11 18 78.26 4 17.39 1 4.35 23 100.00 
≥ 12 5 100.00 0 0.00 0 0.00 5 100.00 

Total 70 70.00 28 28.00 2 2.00 100 100.00 
Table 4. Comparison of PMOD Scores with Length of 

Hospital Stay 
 

P = 0.275 

 

P-MOD Score Probability of Death (%) 
0 1.2% 
4 7% 
5 10% 
8 25% 
9 33% 

10 42% 
11 51% 
14 77% 
16 88% 
18 94% 

Table 5. Prediction of Probability of Death in ICU  
according to P-MOD Score 

 

PMOD 
Scores 

Outcome 
Total 

Non-Survivors Survivors 
No. % No. % No. % 

≥ 7.5 14 50.00 14 50.00 28 100.00 
< 7.5 4 5.56 68 94.44 72 100.00 
Total 18 18.00 82 82.00 100 100.00 

Table 6. Accuracy of PMOD Scores in Predicting Outcome 
 

P < 0.001 

 

DISCUSSION 

In the present study, demographic characteristics like gender 

(p= 0.743), age (p= 0.325) and socioeconomic status (p= 

0.325) did not show any significant correlation with the 

outcome. Male-to-female ratio in our study was 1.43:1 with 

59% boys and 41% girls. Similar observations of the gender 

distribution were reported by studies from developed and 

developing countries.15,16 In a recent study by India 

conducted to evaluate the usefulness of PIM II reports Male: 

Female 1.1:1.16 These observations were in agreement with 

other reports in India.16 This difference is common in 

countries such as India, which have a preference for male 

gender. The gender distribution pattern of the present study 

was comparable with the study by Graciano AL et al,15 who 

reported 56.8% males and 42.70% females. 

The mortality rate observed in the study was 18%, that is 

similar to earlier in-house study17 of 16.7% and other studies 

from developed and developing countries.17,18,19 

Contradictory observations with lower mortality rates are 

reported by the recent studies from India and Hong Kong 

ranging from 2.1% to 6.7%.20,21,19 The difference observed in 

the mortality rate in different studies20,21,19 can be explained 

by the varied inclusion criteria and variable disease patterns 

and the severity of illness. 

The mean PMODS score were significantly high among 

survivors as compared to survivors (9.2 ± 2.75 vs 4.9 ± 3.28; 

p < 0.001). Studies evaluating other scoring systems for 

predicting the outcome in PICU also have reported increase in 

the predictive scores among the non-survivors.1, 20 

Majority of children (42%) had P-MOD score of 4 to 7 

followed by ≤ 3 (30%) and 8 to 11 (23%). A significant 

association of the PMOD score with mortality was observed 

in the study (p < 0.001). Majority of children (42%) had P-

MOD score of 4 to 7 followed by ≤ 3 (30%). The survival rate 

was high in children with P-MOD scores of 0 to 3 and 4 to 7 

(96% and 92.9%, respectively). The percentage of death with 

PMOD score 0 - 3 was low 3.3% and gradually increased with 

higher PMOD scores (60% in children with P-MOD scores of ≥ 

12). These findings of the present study were similar to the 

study developed to validate PMOD score as an outcome 

measure by Graciano AL et al.15 This observation 

demonstrates that with the increase in PMOD score, there is 

increase in mortality. The association of increase in mortality 

with increase in the predictive score in the intensive care has 

been also reported by other studies both in developed and 

developing countries. 

In this study PMOD, scores were significantly high in 

children with 3 organ dysfunction 54.55% and 2 organ 

dysfunction (74%). The mean PMOD score increased 

significantly with increase in number of organ dysfunctions. 

Also, there was a positive correlation between PMOD scores 

with number of organs dysfunction (r= -0.542; R2= 0.294; p < 

0.001), which confirms the strong relationship between 

PMOD scores and number of organ dysfunction. 

Studies to develop and validate PMOD score, both in 

children and adults have reported similar association of 

increase in PMOD scores with increase in organ dysfunction. 

The Indian studies22 validating scoring system to predict 

outcome have also reported similar observation of increase in 

the predictive scores with increase in number of organ 

dysfunction. These observations in our and other studies 

demonstrate that the number of dysfunctional organs can be 

used to describe severity of cases of MODS, thereby 

substantiating the use of PMODS as a predictive risk model to 

evaluate the outcome. However a study by Graciano et al15 for 

the development and validation of PMOD score showed that 4 

organ involvement did not predict the outcome of PICU. 
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The PMOD score in the study had no significant 

correlation with the length of hospital stay. The mean PMOD 

scores were comparable in children with different intervals 

pertaining to length of hospital stay (p= 0.138). A weak 

negative correlation was observed between PMOD scores and 

hospital stay (r= -0.191; R2= 0.0365; p= 0.056). A study on 

MODS association with outcome and mortality by Typpo                     

et al23 (2009), demonstrated that the presence of MODS on 

the first day of hospitalisation was related to highest 

mortality and prolonged length of hospital stay. William et 

al24 (2010) in his study in adult ICU reported that, the 

duration of hospital stay is not an independent factor and so 

the correlation of length of hospital stay is not related to 

outcome of survivor. 

Since in this study PMODS have been evaluated as a 

predictor of outcome, a logistic regression analysis was done 

on the discharge status (survivors and non-survivors) taking 

PMODS as a predictor of mortality. It was observed that, log 

odds of children dying increased by 3.118 unit increase in 

PMOD score. The odds ratio of this logistic model was 22.591 

(95%, CI 0.56 to 0.83; p < 0.001), which states that for an 

increase of PMOD score by 1, a child’s odds of death increases 

by 22%. Prediction of probability of death in our PICU 

according to PMODS showed that a child with PMOD score of 

0 had 1.2% chance of dying in the ICU, whereas a score of 11 

predicted 51% chance of death. This means that the 

probability of death increases with increase in P-MOD scores. 

The predicting and observed results were compared by a 

classification table of goodness and fit model. It was observed 

that 85% of the subjects were correctly classified by this 

model. 

To determine the predicting outcome using PMOD score, 

a receiver Operating Curve was plotted which showed a 

maximum sensitivity and specificity at a cut-off point of 7.5 

(AUC= 0.860; 95% CI 0.761 - 0.960; p < 0.001). This 

observation confirms PMOD score to be a good predictor of 

outcome. To determine the predicting outcome using PMOD 

score, a Receiver Operating Curve was plotted which showed 

a maximum sensitivity and specificity at a cut-off point of 7.5 

(AUC= 0.860; 95% CI 0.761 - 0.960; p < 0.001). This 

observation confirms PMOD score to be a good predictor of 

outcome. The sensitivity, specificity, PPV and NPV of PMOD 

scores in predicting mortality was high (77.78%, 82.93%, 

50% and 94.44% respectively). If PMOD score is > 7.5 its 

prediction of non-survival/death is only 50%, whereas if < 

7.5 it has a good prediction of survival, i.e. 94%. These 

findings not only show strong relationship between PMOD 

scores and outcome, but also predict that higher PMOD 

scores are significantly associated with mortality. 

In a study15 for the development and calibration of PMOD 

score in children, the ROC curve showed 0.92 AUC, which was 

in comparison with PELOD score by same study. They noted 

PELOD score more discriminate than the PMOD in predicting 

the outcome. PMODS was a measure of outcome rather than 

predictor of outcome in the PICU. Therefore, they concluded 

that PMODS is a poor predictor of the overall mortality. 

However, Marshall et al25 reported that predictive power of 

MOD score in their study measured at the time of admission 

was better than the power of other scoring system like 

APACHE II. 

One of the drawback of applying PMOD score is not to 

include Central Nervous System; however, other scoring 

systems have included descriptors for neurologic dysfunction 

and have shown that neurologic dysfunction at admission 

have also role in predicting outcome. The PMODS does not 

include neurologic dysfunction as the authors reported some 

of the limitations during the development of scoring system, 

that is first is observer variability and second is that organ 

dysfunction evolves during the ICU stay and patients who 

have a normal GCS, for example at the time of intubation can 

progress to severe dysfunction during the ICU stay. Hence, 

efforts to incorporate the neurological dysfunction in the 

current PMODS system may improve the predictability of the 

scoring system further. 

The limitation of our study is small sample size and we 

have taken sick patients admitted in ICU and a single centre 

study, so the recommendation will be to take large sample 

size and multicentre study. 

 

CONCLUSION 

To conclude from the study that PMOD score strongly 

correlated with the PICU mortality and number of organ 

dysfunction and therefore can be used as an effective tool to 

measure and predict the outcome of the patients admitted to 

Paediatric Intensive Care Unit by using PMOD. 
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ABSTRACT 

BACKGROUND 

Exacerbations in chronic obstructive pulmonary disease is common and frequent in nature. The present study was done to 

evaluate the clinical efficacy of nebulised budesonide over parenteral/oral steroids in patients with acute exacerbations of COPD. 

 

MATERIALS AND METHODS 

A randomised controlled study was conducted in a tertiary care teaching hospital. A total of 125 patients with acute exacerbations 

due to COPD were included in the study. The patients were randomised into study and control groups. The study group patients 

received inhaled budesonide along with the standard treatment for 5 days, while the control group received standard treatment 

for acute exacerbation of COPD. The primary outcome variables studied for the treatment efficacy were change in post 

bronchodilator FEV1, FVC, FEV1/FVC, PEFR. Secondary end points included the changes in dyspnoea score (MMRC grade, SPO2 and 

SGRQ score). 

 

RESULTS 

A total of 125 patients were finally assessed. Sixty five patients belonged to study group and 60 in the control group. Baseline 

characteristics were similar and well matched in both the groups. Mean age was 64.20 ± 9.11 years while in control group it was 

62.40 ± 11.31 years. There were no improvements in the lung functions (FEV1, FVC, FEV1/FVC, PEFR) at the end of 5 days of 

nebulised budesonide as compared to the standard therapy. As far as secondary outcome is concerned, it was observed that 

patients in study group showed better improvement in health related quality of life (HRQL) score as compared to control group at 

day 5 (p<0.01). Duration of hospitalisation also was lesser in the study group as compared to the control group. No serious adverse 

effects were observed during the course of the study. 

 

CONCLUSION 

Overall with the nebulised budesonide for the AECOPD, there was not much improvement in the lung functions, but there was 

improvement in the quality of life and the duration of hospitalisation in the study group. These findings should be confirmed by 

conducting a larger population based clinical study. 
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BACKGROUND 

Chronic obstructive pulmonary disease (COPD) is a leading 

cause of morbidity and mortality worldwide and results in an 

economic and social burden that is both substantial and 

increasing. COPD is the 4th leading cause of death in the 

United States of America (USA) and Europe.1 Currently, COPD 

is a costlier disease to treat than asthma and depending on 

country, 50% – 75% of the costs are for services associated 

with exacerbation. Tobacco smoke is by far the most 

important risk factor for COPD worldwide. An exacerbation is 

defined as an event in the natural course of the disease 

characterised by change in the patients 
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baseline dyspnoea, cough and/or, sputum that is beyond 

normal day-to-day variation, is acute in onset and may 

warrant a change in regular medication in a patient with 

COPD.2 Systemic corticosteroids are used to treat acute 

exacerbation of COPD. This common clinical practice has 

been endorsed by various international guidelines. Compared 

with placebo, systemic corticosteroids accelerate the 

recovery of expiratory flow rates and reduce the length of 

hospital stays in patients with acute exacerbation of chronic 

obstructive pulmonary disease (AECOPD) receiving standard 

medical treatment with bronchodilators, antibiotics and 

oxygen. Despite proof of efficacy, some concerns remain 

about using systemic corticosteroids to treat all patients with 

AECOPD. This is mainly because the short-term advantages of 

corticosteroids may be outweighed by the occurrence of 

adverse effects such as hyperglycaemia, myopathy and 

osteoporosis.3 It has recently been reported that suppression 

of the adrenal response is common after short term, high 

dose corticosteroid treatment.4 

In this context, the possibility of treating patients with 

AECOPD with inhaled corticosteroids, having less systemic 

adverse effects is of particular interest. Inhaled 

corticosteroids have a high level of topical anti-inflammatory 



Jemds.com Original Research Article 

 

J. Evolution Med. Dent. Sci./eISSN- 2278-4802, pISSN- 2278-4748/ Vol. 6/ Issue 92/ Dec. 04, 2017                                                                            Page 6562 
 
 
 

activity and a low level of systemic activity.5 Preliminary data 

have demonstrated that nebulised budesonide to be as 

efficacious as parenteral corticosteroids in the treatment of 

acute severe asthma.6 Nebulised budesonide may also be 

sufficiently efficacious in the management of acute 

exacerbation of COPD, but only limited number of studies are 

available which have demonstrated that it might be an 

alternative agent in AECOPD, instead of the parenteral 

steroids. Hence, the present study was undertaken to know 

the clinical efficacy of nebulised budesonide with 

parenteral/oral steroids in patients with AECOPD. 

 

MATERIALS AND METHODS 

The present study was conducted in the Department of 

Pulmonary Medicine, KLES Dr. Prabhakar Kore Hospital and 

Medical Research Centre, Belgaum on adult patients 

diagnosed to have AECOPD. A total of 130 patients diagnosed 

to have AECOPD in one-year period were included in the 

study- 65 patients each in the control and study group. 

 

Inclusion Criteria 

Patients with AECOPD 

An exacerbation is defined as an event in the natural course 

of the disease characterised by change in the patients 

baseline dyspnoea, cough and/or, sputum that is beyond 

normal day-to-day variation, is acute in onset and may 

warrant a change in regular medication in a patient with 

COPD. 

 

Exclusion Criteria 

Patients with asthma, allergic rhinitis and atopy, specific 

cause for exacerbation such as pneumonia, pneumothorax, 

heart failure, etc., and patients with a risk of imminent 

respiratory failure requiring mechanical ventilator or direct 

admission to the ICU 

 

Procedure 

The study was approved by the Ethical and Research 

Committee of Jawaharlal Nehru Medical College, Belgaum. 

Patients fulfilling the inclusion criteria were included in the 

study. The selected patients were briefed about the nature of 

study and written informed consent was obtained. This was a 

hospital-based randomised study in patients with AECOPD 

done over a period of one year. These patients were grouped 

into two groups randomly consisting of 65 patients each in 

the control and study group. Randomisation was done by the 

lottery method for all the consecutive patients. The data like 

demography, history were recorded on predesigned and 

pretested proforma. 

 Group 1 (control group) received parenteral/oral steroids 

(IV hydrocortisone 200 mg t.d.s./40 mg of oral prednisolone) 

along with standard treatment that is; Salbutamol (2.5 mg) + 

Ipratropium bromide (500 μg) nebulisation every sixth 

hourly, supplemental oxygen inhalation, parenteral 

antibiotics, parenteral Deriphyllin and supportive therapy. 

Group 2 (Study group) received budesonide nebulisation 

(2 mg diluted in 4 mL of normal saline every sixth hourly) 

along with standard treatment. 

 The patients were assessed for following parameters at 

different intervals: (i) Spirometry was carried out at baseline, 

24 hours, 72 hours and on fifth day according to ATS 

standards3; (ii) Dyspnoea was assessed according to the 

Modified Medical Research Council (MMRC) Grade; (iii) PEFR 

and SPO2 were assessed at baseline, 24 hours, 72 hours and 

on fifth day; (iv) St. George Respiratory Questionnaire (SGRQ) 

was assessed at baseline, 24 hours and on fifth day. 

 

Outcome Variables 

The primary outcome variables studied for the treatment 

efficacy were change in post bronchodilator FEV1, FVC, 

FEV1/FVC, PEFR. Secondary end points included the changes 

in dyspnoea score (MMRC grade, SPO2 and SGRQ score). 

An adverse event is defined as any event reported by the 

patients from study entry to day 10 or discharge. Serious 

adverse events included life-threatening events and events 

resulting in prolongation of hospitalisation. Study 

discontinuation due to adverse events, including COPD 

deterioration or relapse was also monitored. 

Deterioration of AECOPD while patients under study were 

defined as the need for treatment intensification according to 

the treating doctor, the development of confusion, lethargy, 

acute respiratory acidosis or need for mechanical ventilatory 

assistance. 

Safety of study medication was assessed by monitoring 

occurrence of any adverse events during the acute and the 

followup phase of the study. Complete blood cell count 

including eosinophils obtained at admission. 

 

Monitoring of Patients 

Immediate (From Admission to 72 Hours of 

Hospitalisation) 

Spirometry (FEV1, FVC, FEV1/FVC) at baseline, 24 hours, 48 

hours and 72 hours; PEFR and SPO2 at baseline, 24 hours, 48 

hours and 72 hours; Dyspnoea (MMRC grade) was assessed 

at baseline, 24 hours, 48 hours and 72 hours; and SGRQ score 

at baseline and 24 hours. 

 

After 72 Hours till Fifth Day and Discharge 

Spirometry, PEFR, Dyspnoea grade and SGRQ score was 

monitored. The initial treatment was not changed for 10 days 

if the hospitalisation period exceeded 10 days. Both forms of 

corticosteroid preparations were tapered or discontinued 

according to the need. After discharge, all patients were 

advised combined form of inhaled salbutamol with 

ipratropium (transcaps q.i.d.), long acting β2 agonist with 

inhaled corticosteroids, and methylprednisolone 16 mg twice 

daily for seven days orally. 

In this study, the criteria to assess relapse of exacerbation 

of COPD was the number of unscheduled visits to any medical 

units due to increased symptoms of COPD requiring 

hospitalisation within one month after discharge. 

 

Statistical Analysis 

For the various parameters mean and standard deviation 

(S.D.) were calculated. From baseline to three different time 

points comparison was made using student’s paired ‘t’ test. 

The comparison of the parameters in the study group and the 

control was done using student’s unpaired ‘t’ test. Chi-square 

test was used for comparing other characters between two 

groups. Fisher’s Exact test was used to find out the level of 

significance between the intervals in the groups. A ‘p’ value of 

less than 0.05 was considered as statistically significant. 
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RESULTS 

A total of 130 patients were included in this study in 1:1 ratio. 

Five patients were excluded from the final analysis as they 

deteriorated during the study period and required 

intensification of the treatment. Thus, finally 125 patients 

were analysed- 63 patients in study group and 62 patients in 

control group. The mean age of the patients in study group 

was 64.20 ± 9.11 years while in control group it was 62.40 ± 

11.31 years. The duration of disease in the control group was 

6.60 ± 4.80 years while it was 6.90 ± 3.30 in the study group 

(Table 1). Overall male to female ratio was 3:1. In this study, 

majority of the patients belonged to age group of 51 to 60 

years and 61 to 70 years. 

The baseline FEV1 was 0.45 ± 0.11 L/Sec in the study 

group and it was 0.51 ± 0.14 L/Sec in the control group 

(Table 2). The mean improvement in FEV1 after 24 hours, 72 

hours and at 5th day was 0.53 ± 0.15 L/Sec, 0.64 ± 0.18 L/Sec 

and 0.82 ± 0.19 L/Sec in study group, while it was 0.55 ± 0.15 

L/Sec, 0.69 ± 0.15 L/Sec and 0.80 ± 0.16 L/Sec in control 

group respectively. It was observed that there was no 

statistical significance observed in FEV1 improvement 

between the two groups at different intervals of the study 

period (Table 3). Baseline FVC observed in the study and the 

control group was 0.88 ± 0.19 L/Sec and 0.99 ± 0.30 L/Sec 

respectively. Applying ANOVA method, it was also observed 

that there was no statistical significance observed in FVC 

improvement between the two groups (Table 4). Similarly, 

there was no difference in FEV1/FVC percent ratio between 

the study group and the control group at different time 

intervals after the use of the medications. 

As far as PEFR is concerned, the baseline PEFR in both 

study and control groups were 141 ± 69.46 L/M and 139 ± 

91.15 L/M respectively. When compared at different 

intervals, there was no statistically significant difference in 

PEFR values between the study group and the control group. 

The baseline oxygen saturation in both control and study 

group were 97% ± 1.65% and 97% ± 1.67% respectively. 

However, when compared at different intervals that is 24 

hours, 72 hours and at fifth day, there was no statistical 

significant difference between the study group and the 

control group (p>0.05). 

Overall MMRC dyspnoea grade was 4 in both study and 

control groups at baseline. There was improvement in 

dyspnoea scale by one point in both the study group and the 

control group after 5 days of therapy (Table 5). Baseline 

SGRQ scores observed in study and control group were 88.76 

± 5.32 and 86.43 ± 4.75 respectively. SGRQ score 

improvement after 24 hours and at 5th day in study group 

was 82.55 ± 5.35 and 68.95 ± 6.75 while it was 82.36 ± 4.81 

and 70.80 ± 7.09 in control group respectively. Patients in 

study group showed better improvement in health related 

quality of life (HRQL) score as compared to control group at 

day 5 (p<0.01). In control group, HRQL score improved 

among 83.3% patients and remained same in 13.3% patients. 

In study group, 89.3% patients had improved HRQL score 

and while the score remained same among 10.7% patients 

(Table 6). 

A total of 58 patients (89.2%) had total hospitalisation of 

less than 10 days in the study group. Twelve patients (20%) 

had more than 12 days of hospitalisation in the control group, 

while it was 10.8% in the study group. Thus, it was observed 

more number of patients were discharged early in the study 

group as compared to control group (Table 7). A total of five 

patients (8.3%) in the control group were readmitted with 

relapse of AECOPD within 30 days of discharge from hospital. 

In the study group, two patients (3.0%) were readmitted for 

the relapse of exacerbation during the study period. 

 

Demographic  

Characteristics 

Control Group 

(n=65) 

Study Group 

(n=65) 
p value 

Mean 
Mean ± SD Mean ± SD 

Age (Years) 62.40 ± 11.31 64.20 ± 9.11 0.315 

Duration (Years) 6.60 ± 4.80 6.90 ± 3.30 0.765 

Pack years 10.40 ± 4.80 8.60 ± 4.50 0.019 

Hb% (g%) 11.50 ± 1.55 12.03 ± 1.24 0.091 

TLC (/mm3) 
13624.00 ± 

1189.00 

10589.00 ± 

5513.00 
0.062 

B Urea (mg/dL) 47.00 ± 19.40 45.00 ± 19.15 0.700 

Sr. Creatinine 

(mg/dL) 
0.89 ± 0.31 0.83 ± 0.41 0.319 

Table 1. Baseline Characteristics of the Patients 

 

 

Variables 

Control Group 

(n=62)` Mean ± 

S.D. 

Study Group 

(n=63) Mean ± 

S.D. 

FEV1 

(L/sec) 

Baseline 0.51 ± 0.14 0.45 ± 0.11 

24 hours 0.55 ± 0.15 0.53 ± 0.15 

72 hours 0.69 ± 0.15 0.64 ± 0.17 

5th day 0.80 ± 0.16 0.82 ± 0.19 

FVC 

(L/sec) 

Baseline 0.99 ± 0.33 0.88 ± 0.14 

24 hours 1.06 ± 0.31 0.99 ± 0.18 

72 hours 1.24 ± 0.33 1.13 ± 0.22 

5th day 1.45 ± 0.37 1.36 ± 0.26 

FEV1/ 

FVC% 

Baseline 51.79 ± 12.38 50.66 ± 7.66 

24 hours 52.46 ± 12.96 53.05 ± 7.40 

72 hours 56.29 ± 11.33 55.76 ± 9.97 

5th day 61.25 ± 10.27 59.21 ± 9.56 

PEFR 

(L/min.) 

Baseline 139.00 ± 91.15 141.00 ± 69.46 

24 hours 166.00 ± 98.99 159.00 ± 73.24 

72 hours 201.00 ± 93.44 187.00 ± 79.90 

5th day 254.00 ± 87.72 226.00 ± 80.84 

SpO2  

(%) 

Baseline 97.00 ± 1.76 97.00 ± 1.67 

24 hours 97.00 ± 1.52 97.00 ± 1.47 

72 hours 97.00 ± 1.48 98.00 ± 1.03 

5th day 98.00 ± 1.05 98.00 ± 1.14 

MMRC 

Grade 

Baseline 4.00 ± 1.00 4.00 ± 1.00 

24 hours 4.00 ± 1.00 4.00 ± 1.00 

72 hours 4.00 ± 1.00 3.00 ± 1.00 

5th day 3.00 ± 1.00 3.00 ± 1.00 

SGRQ 

Score 

Baseline 86.43 ± 4.75 88.76 ± 5.35 

24 hours 82.36 ± 4.81 82.55 ± 5.35 

5th day 70.80 ± 7.09 68.95 ± 6.75 

Table 2. Characteristics of the Patients During 

Hospitalisation 
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Interval 

Control Group Study Group  

p 
value 

% 
Predicted 

Mean ± 
S.D. 

Actual 
Mean ± 

S.D. 

% 
Predicted 

Mean ± 
S.D. 

Actual 
Mean ± 

S.D. 

F 
value 

Baseline 
27.48 ± 
10.51 

0.51 ± 
0.14 

50.57 ± 
7.98 

0.45 ± 
0.11 

1.11 0.253 

24 
Hours 

29.86 ± 
11.26 

0.55 ± 
0.15 

30.22 ± 
9.88 

0.53 ± 
0.15 

1.21 0.942 

72 
Hours 

37.24 ± 
12.26 

0.69 ± 
0.15 

36.63 ± 
11.82 

0.64 ± 
0.17 

1.08 0.749 

5th Day 
47.19 ± 
13.92 

0.80 ± 
0.16 

46.63 ± 
14.40 

0.82 ± 
0.19 

1.00 0.798 

Table 3. Comparison of Forced Expiratory Volume in One 
Second (FEV1) at Different Intervals 

 

Interval 

Control Group Study Group  

p 
value 

% 
Predicted 

Actual 
% 

Predicted 
Actual 

F 
value 

Mean ± 
S.D. 

Mean ± 
S.D. 

Mean ±  
S.D. 

Mean ± 
S.D. 

 

Baseline 
40.00 

±13.82 
0.99 ± 
0.33 

37.79 ± 
8.56 

0.88 ± 
0.14 

1.33 0.150 

24  
Hours 

42.94 ± 
14.43 

1.06 ± 
0.31 

42.67 ± 
10.37 

0.99 ± 
0.18 

1.06 0.650 

72  
Hours 

50.35 ± 
16.17 

1.24 ± 
0.33 

48.35 ± 
12.08 

1.13 ± 
0.22 

1.23 0.415 

5th Day 
58.68 ± 
18.89 

1.45 ± 
0.37 

58.09 ± 
15.16 

1.36 ± 
0.26 

2.01 0.803 

Table 4. Comparison of Forced Vital Capacity (FVC) at 
Different Intervals 

 

Intervals 
Control Group (n=62) Study Group (n = 63) 

Mean ± SD Mean ± SD 

Baseline 4 ± 0 4 ± 0 

24 Hours 4 ± 0 4 ± 0 

72 Hours 4 ± 0 3 ± 0 

5th Day 3 ± 0 3 ± 0 

Table 5. Comparison of MMRC Grading  

at Different Intervals 

 

Intervals 

Control Group  

(n = 62) 

Study Group  

(n = 63) p value 

Mean ± S.D. Mean ± S.D. 

Baseline 86.43 ± 4.75 88.76 ± 5.32 0.377 

24 hours 82.36 ± 4.81 82.55 ± 5.35 0.164 

5th day 70.80 ± 7.09 68.95 ± 6.75 0.013 

Improvement in SGRQ score  

(Number of patients and percentage) 

Improved 50 83.34% 58 89.30%  

Same 08 13.33% 07 10.70%  

Worsen 02 3.33% - -  

Table 6. St. George Respiratory Questionnaire  

(SGRQ) Score 

 

Duration 
Control Group 

(n=62) 
Study Group  

(n=63) 
No. Percentage No. Percentage 

5 days 13 21.7% 25 38.4% 
6 to 10 days 35 58.3% 33 50.8% 

> 10 days 12 20.0% 07 10.8% 
Total 60 100% 65 100% 

Table 7. Duration of Hospitalisation (Days) 
 

DISCUSSION 

A total of 125 patients were included into the study. Sixty-

three patients were in the study group and another sixty-two 

patients were in control group. In the study by Morice et al,7 

the mean baseline FEV1 was similar in both groups (1.8 L/sec 

and 1.9 L/sec for prednisolone and budesonide, respectively). 

There was no significant difference in response to treatments. 

In the present study, baseline FEV1 was 0.45 ± 0.11 L/Sec in 

study group and 0.51 ± 0.14 L/Sec in control group. In the 

study group, mean improvement in FEV1 after 24 hours, 72 

hours and at 5th day were 0.53 ± 0.15 L/Sec, 0.64 ± 0.18 L/Sec 

and 0.82 ± 0.19 L/Sec respectively while in the control group 

the mean improvement in FEV1 was 0.55 ± 0.15 L/Sec, 0.69 ± 

0.15 L/Sec and 0.80 ± 0.16 L/Sec respectively. It was 

observed that there was no statistical significance observed 

in FEV1 improvement between the two groups. Similar results 

were observed by Matais et al, 8 Gunen et al9 and Wei et al.10 

In a study by Gunen et al9 when comparison was made 

between groups treated with placebo, systemic steroids and 

nebulised budesonide, the baseline FVC was 64.5 ± 21.5 

L/Sec, 57.5 ± 17.5 L/Sec and 64.3 ± 20.4 L/Sec in group 1, 

group 2 and group 3 respectively. Improvement observed in 

FVC at 24 hours, 72 hours, 7 days and at 10th day was 

significantly higher in group 2 and group 3 when compared to 

group 1. There was no statistical significance as comparison 

was made between group 2 and group 3. In the present study, 

the baseline FVC observed in study and control group was 

0.88 ± 0.19 L/Sec and 0.99 ± 0.30 L/Sec respectively. FVC 

improvement observed after 24 hours, 72 hours and at 5th 

day in study group was 0.99 ± 0.18 L/Sec, 1.13 ± 0.22 L/Sec 

and 1.36 ± 0.26 L/Sec respectively. FVC improvement in 

control group was 1.06 ± 0.31, 1.24 ± 0.33 & 1.45 ± 0.37 

L/Sec respectively. The results of the present study were 

similar to those observed by Gunnen et al9 and Morris et al.7 

In a study by Mirici et al,11 the improvement in PEFR at 

different intervals in both parenteral steroid and nebulised 

budesonide group were similar and it was observed that 

there was no statistical difference between two groups. In the 

present study, baseline PEFR in both study and control 

groups were 141 ± 69.46 L/M and 139 ± 91.15 L/M 

respectively. Similarly, no statistical difference was observed 

among the two groups. 

In the present study, the MMRC grades of dyspnoea at 

baseline, 24 hours, 72 hours and at 5th day were 4, 4, 3, and 3 

in study group; while it was 4, 4, 4 and 3 in control group 

respectively. Compared to control group there were early 

improvements in severity of dyspnoea in study group. But 

statistically this was negligible. Similar improvement in the 

dyspnoea index has been observed by Morrice et al7 and Wei 

et al.9 Maltais et el12 observed reduction in Borg Dyspnoea 

Scale between the nebulised budesonide group and the 

control group. In the present study, the baseline SGRQ score 

observed in study and control group were 88.76 ± 5.32 and 

86.43 ± 4.75 respectively. SGRQ score improvement after 24 

hours and at 5th day in study group was 82.55 ± 5.35 and 

68.95 ± 6.75 while it was 82.36 ± 4.81 and 70.80 ± 7.09 in 

control group. Patients in study group showed better 

improvement in HQRL score as compared to control group. 

Mirici et al11 also observed similar improvement in SGRQ 

score after nebulised budesonide in AECOPD patients. 
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In the study by Gunen et al,8 proportions of the patients 

with early (relatively) and delayed discharges did not yield 

any statistically significant results, between the control and 

study groups. In the present study, mean duration of 

hospitalisation was 7 ± 2.9 days in study group while in 

control group it was 7.25 ± 2.8 days. More number of patients 

discharged early in study group as compared to control 

group. The overall reduction in duration of hospitalisation 

was similar as those observed by Maltais et al12 and 

Guozhong et al.10 In the present study, deterioration of 

AECOPD while patients under study was defined as the need 

for treatment intensification according to the treating doctor, 

the development of confusion, lethargy, acute respiratory 

acidosis or necessity for mechanical ventilator assistance. 

One patient each in the study and control group deteriorated 

and they required mechanical ventilation. Maltais et al12 and 

Wei et al9 observed that budesonide group had less systemic 

side effects than the groups treated with systemic steroids. In 

the present study, the side effect profile of nebulised 

budesonide was excellent. No patient had any side effect due 

to nebulised budesonide including oral candidiasis. Thus, 

there was no discontinuation of the patients in the study 

group due to side effects. Marcus et al13 also observed that 

inhaled budesonide was well tolerated in AECOPD. 

Gunen et al8 showed exacerbation rates within one month 

of discharge were 14, eight and nine in placebo, parenteral 

and nebulised budesonide groups respectively. In the present 

study, it was observed that two patients in study group and 5 

patients in control group had relapse of AECOPD. Marcus et 

al13 showed there was 70% reduction in relapse of AECOPD 

over a period of one year. 

 

CONCLUSION 

In conclusion, with the nebulised budesonide for the 

AECOPD, there was not much improvement in the lung 

functions, but there was improvement in the quality of life 

and the duration of hospitalisation in the study group. 
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Abstracts: Background & Objectives: Medical devices have become an essential part of modern health care system, 
but  use of such devices have led to the adhesion of microorganisms on their surface and leading to the formation of 
biofilm. These biofilm act as a nidus for infection leading to device related infections. Microorganisms associated with 
biofilm formation are tolerant and resistant to antibiotics and host immune response, which increases the difficulties 
for the clinical treatment of biofilm infection. This study was done to know the prevalence of bacterial biofilm 
formation on the retrieved implants and  the antibiotic resistance pattern among these biofilm forming isolates. 
Method: A total 148 retrieved catheter tips were subjected for culture. All the isolates were identified by standard 
biochemical reaction and antibiotic susceptibility testing was done as per CLSI guidelines. Detection of biofilm is done 
by using tissue culture plate method. Results: A total of 50 isolates are recovered from 148 catheter tips. Among 
these, 24(48%) were  biofilm producers. S. aureus and S.epidermidis showed strong biofilm formation. A high 
antibiotic resistance pattern was seen among the biofilm producers when compared to non- biofilm producers. 
Conclusion: Bacterial biofilms are an important virulence factor associated with chronic nosocomial infection. 
Detection of biofilm forming organisms can help in appropriate antibiotic choice. Significant correlation between 
biofilm production and multidrug resistance was observed in our study. [Suraj S NJIRM 2017; 8(6):55-59] 
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Introduction: The success of modern medicine is 
intimately attributed to the ever-increasing use of 
biomedical devices mainly used for vital functions 
management. After exposure to body fluids the device 
becomes an environment suitable to support biofilm 
growth and subsequent infection. Biofilm are 
microbial communities of surface attached cells 
embedded in a self produced extracellular polymeric 
matrix1. Due to their underlying disease conditions, 
hospitalized patients are highly susceptible to implant 
associated infections, such as catheter-related blood 
stream infections (CRBSI), catheter associated urinary 
tract infections (CAUTI), and ventilator associated 
pneumonia (VAP)2.  Organisms primarily involved in 
biofilm formation consists of Staphylococcus aureus, 
Staphylococcus epidermidis and Pseudomonas. These 
organisms are either commensals on the skin or are 
nosocomial in origin.

3
 

 
More than 60% of hospital-acquired infections 
worldwide are accredited to bacteria forming biofilms 
on medical devices 4.   Bacterial biofilm formation 
leads to chronic infections due to the increased 
tolerance to antibiotics and disinfectants, resistance 
to phagocytosis and to the human defense system. 
The decreased susceptibility to microbial agents 
within a biofilm arises from multiple factors, including 

physical impairment of diffusion of antimicrobial 
agents, reduced bacterial growth rates, and local 
alterations of the microenvironment that may impair 
activity of the antimicrobial agent.5 Hence, antibiotic 
treatments are almost impossible to eradicate biofilm 
infections.  In vitro and in vivo experiments 
demonstrated that the minimum inhibitory 
concentration (MIC) and the minimum bactericidal 
concentration (MBC) for biofilm bacterial cells were 
usually much higher (approximately 10–1000 times) 
than the planktonic bacterial cells.6 So, the implant 
associated infections lead to increased duration of 
hospital stay, increased cost and increased morbidity 
and mortality.            
 
Here we have specifically analyzed catheters collected 
from patients who had no clinical infection in order to 
understand the threat constituted to patients, due to 
the presence of multiple-drug resistance properties in 
this group of biofilm isolates from these temporarily 
implanted medical devices. 
 
Methods:  
Place and duration of the study:  The study was 
conducted at the Department of Microbiology, 
Jawaharlal Nehru Medical College and hospital, KLE 
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University, Belgaum from November 2012 to April 
2013. Ethical clearance was obtained. 
 
Selection of the isolates:  A total of 148 catheter tips 
were sent to the microbiology laboratory in a sterile 
container.  Catheter tips from urinary catheter, 
endotrachial tube, suction tube, central line, Ryle’s 
tube, umbilical arhony catheter and long line received 
to the Microbiology laboratory were subjected for 
culture.              
 
All catheter tips were directly cultured by roll plate 
method, catheter tip was rolled over the surface of 5% 
sheep blood agar plate and incubated at 370 c and 
bacterial count of 15 or more colonies were 
considered positive. Then the tip was placed in 10 ml 
of Brain Heart Infusion broth, incubated for 2hrs at 370 
c and then vortexed for 15sec. Broth was subcultured 
on blood agar, chocolate agar and Mac conkey agar. 7 
(Himedia, Mumbai, India) 
 
Among 148 catheter tips, growth was seen in 50 
samples. These clinical isolates were identified by 
standard microbiological procedures (Gram staining, 
colony morphology, catalase test cytochrome oxidase 
test and biochemical reactions). Then the isolates 
were subjected to biofilm detection by Tissue Culture 
Plate method and antibiotic sensitivity testing by 
Kirby- Bauer disc diffusion method.  
 
Tissue Culture Plate method (TCP): This is a 
quantitative test described by Christensen et al. 8is 
considered the gold-standard method for biofilm 
detection. Organisms isolated from fresh agar plates 
were inoculated in 10 ml of Trypticase soy broth (TSA) 
with 1% glucose. Broths were incubated at 37oC for 24 
h. The cultures were then diluted 1:100 with fresh 
medium. Individual wells of sterile 96 well flat bottom 
polystyrene tissue culture treated plates (Sigma- 
Aldrich, Costar, and USA) were filled with 200 μL of 
the diluted cultures. The control organisms were also 
incubated, diluted and added to tissue culture plate. 
Negative control wells contained inoculated sterile 
broth. The plates were incubated at 37oC for 24 h. 
After incubation, contents of each well were removed 
by gentle tapping. The wells were washed with 0.2 mL 
of phosphate buffer saline (pH 7.2) four times. This 
removed free floating bacteria.  Biofilm formed by 
bacteria adherent to the wells were fixed by 2% 
sodium acetate and stained by crystal violet (0.1%). 
Excess stain was removed by using deionized water 

and plates were kept for drying. Optical density (OD) 
of stained adherent biofilm was obtained by using 
micro ELISA auto reader at wavelength 570 nm9. The 
experiment was performed in triplicate. The 
interpretation of biofilm production was done 
according to the criteria of Stepanovic et al, 1 (Table 1).            
Reference strain of positive biofilm producer 
Staphylococcus epidermidis ATCC 35984 and 
Staphylococcus epidermidis ATCC 12228 (non biofilm 
producer) were used as control. 
  

Table 1: Interpretation of biofilm production 

Average OD value Biofilm production 

≤ ODC / ODC < ~ ≤ 2x ODC Non /weak 

2x ODC < ~ ≤4x ODC Moderate 

> 4x ODC Strong 

Optical density cut-off value (ODc) =average OD of 
negative control + 3x standard deviation (SD) of 
negative control. 
 
Antibiotic sensitivity testing:  Antibiotic susceptibility 
test for Gram positive and Gram negative biofilm 
producers was performed by using the Kirby-Bauer 
disc diffusion techniques according to CLSI guidelines 
11. Antibiotic discs were used depending on the type of 
microorganism and on the type of specimen 
(ampicillin 10 μg, cotrimoxazole 25 μg, ciprofloxacin 5 
μg, aztreonam 30 μg, meropenem 15 μg, 
cefoperazone-sulbactam 105 μg, chloramphenicol, 
vancomycin 30 μg, erythromycin 15 μg, amoxicillin-
clavulanic acid 20/10 μg, oxacillin 1 μg, linezolid 30 μg, 
penicillin 10 units, gentamicin 10 μg). The results were 
interpreted according to criteria set by Clinical and 
Laboratory Standards Institute (CLSI). 11 
 
Result: The total number of retrieved implants was 
148.  Out of these, major were endotracheal tube tips 
39(26%), 37(25%) were peripheral venous catheters 
and 24(16%) were urinary catheters (Table-2). 
Staphylococcus aureus was a major isolate 8 (16%) 
followed by Klebsiella pneumonia 7(14%)(Table-3). 
Among 50 isolates, 24 (48%) were biofilm forming. 
Staphylococcus aureus and Staphylococcus 
epidermidis showed strong bofilm production isolated 
from central venous line and endotracheal tube. 
 
A high antibiotic resistance pattern was seen in biofilm 
producers. Tables 4 and 5 show the antimicrobial 
resistance pattern of Gram positive and Gram 
negative biofilm producing bacteria in this study, 
respectively. Gram positive biofilm producer were 
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more resistant to penicillin, rifampicin, cefoxitin, 
ciprofloxacin, erythromycin and cotrimoxazole than 
non biofilm producer. All Staphylococci were 
methicillin resistant (MRSA) tested by using cefoxitin 
disc and they were only sensitive to vancomycin, 
linezolid and teicoplanin. All Gram negative biofilm 
producers were more resistant to ampicillin, 
ciprofloxacin, cotrimoxazole, gentamycin, amikacin, 
ceftazidime and pipercillin and tazobactum as 
compared to non biofilm producers. Only 5 (20%) 
Gram negative biofilm producing bacteria were 
resistant to meropenem. 
 
Table: 2 Number of catheter tips showing the growth 

Catheter tips With 
growth 

Without 
growth 

Total 

Endotracheal tip 15(38.4) 24(2) 39(26.35) 

Peripheral venous 
catheter tip 

9(24.3) 28(75.6) 3(26) 

urinary Catheter tip 10(41.6) 14(58.3) 24(16.2) 

Center line tip 6(24) 19(76) 25(16.8) 

Suction tip 5(55.5) 4(44.5) 9(6.08) 

Umbilical Arhony 
catheter tip 

5(33.7) 9(64.29) 14(9.45) 

Total 50(33.7) 98(66.2) 148 

 
Table 3: Screening of clinical bacterial isolates for 
Biofilm formation by Tissue culture plate method 

(TCP) 

Organisms 
isolated 

Biofilm 
production 

by TCP 

Non-
Biofilm 

formingI
solates 

Total 

Staphyolcoccus 
aureus 

6 (75%) 2(25%) 8 (16%) 

klebsiella 
pneumonia 

3(42.8%) 4(57.1%) 7(14%) 

Enterobacter 
cloacae 

2(40%) 3(60%) 5 (10%) 

Pseudomonas 
aeuriginosa 

3(60%) 2(40%) 5 (10%) 

Staphylococcus 
epidermidis 

3(75%) 1(25%) 4 (8%) 

Acenetobacter 
baumanii 

2(50%) 2(50%) 4 (8%) 

Burkholderia 
cepaciae 

2(33.3%) 4(66.6%) 6 (12%) 

Cryseobacterium 
meningosepticum 

1(33.3%) 2(66.6%) 3 (6%) 

Enterococcus 0 3(100%) 3 (6%) 

species 

Escherichea coli 1(50%) 1(50%) 2 (4%) 

Staphylococcus 
hemolyticus 

1(50%) 1(50%) 2 (4%) 

Citerobacter 
diversus 

0 1(100%) 1 (2%) 

Total 24(48%) 26(62%) 50(100%) 

 
Table 4:   Resistance pattern of Gram positive biofilm 

producers in comparison   with non-biofilm 
producers 

Antimicrobial 
agent 

Biofilm 
producer gram 

positive 
organisms (%) 

Non- Biofilm 
producer gram 

positive 
organisms (%) 

Ampicillin 62 57 

Ciprofloxacin 57 45 

Cotramaxazole 70 62 

Penicillin 100 100 

Gentamycin 76 74 

Rifampacin 90 42 

Tetracyclin 53 46 

Vancomycin 08 00 

 
Table 5: Resistance pattern of Gram negative biofilm 
producers in comparison  with non-biofilm producers 

Antimicrobial 
Agent 

Biofilm 
producer gram 

negative  
organisms % 

Non- Biofilm 
producer gram 

negative  
organisms % 

Ampicillin 92 73 

Ciprofloxacin 53 45 

Cotramaxazole 100 95 

Ceftazidime 84 82 

Gentamycin 76 74 

Amikacin 61 82 

Piperacillin- 
Tazobactum 

53 46 

Meropenem 20 12 

 
Discussion: Microbial biofilms may pose a public 
health problem for persons requiring indwelling 
medical devices. Indwelling devices are becoming 
increasingly frequent in medical practice and are 
applied to more than 25% of hospitalized patients. It 
has been estimated that about 65 per cent of the 
hospital acquired infections are associated with 
biofilm formation 12, 13. These infections are 10 to 1000 
times more difficult to eliminate with an otherwise 
successful treatment.14,15 The microorganisms 
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involved in biofilm formation are difficult or 
impossible to treat with antimicrobial agents and 
detachment  of these from the device may result in 
infection. 16 Biofilms are an ideal site for plasmid 
exchange in bacteria and provide the necessary 
environment for induced antibiotic resistance 
development, specifically, when we consider that 
many of the catheterized patients may be receiving 
antibiotics. 17 
         
In our study, 48% of the tested organisms have shown 
the potential to make biofilms.  Biofilm formation is 
detected by In vitro Tissue culture plate method, 
which is a quantitative test and is considered as the 
gold-standard method for biofilm detection. 
 
We found that gram-positive cocci, S.epidermidis and 
S. aureus (75%) were involved in large number in 
production of biofilm. These organisms form ubiquity 
as skin flora and their adherence to IMD's surface is 
well documented. Ammendolia et al. 18 and Bose et 
al.19 also reported involvement of S.aureus in biofilm 
production. In this study, majority of the biofilm 
producers were isolated from Endotrachial tube 
catheter tip 39(26.35%) followed by peripheral venous 
catheter tips 37(25 %). 
 
In our study, antibiotic susceptibility pattern of biofilm 
producing organisms was obtained. The clinically 
relevant observation was high resistance of biofilm 
producers to commonly used antibiotics. This 
observation was also mentioned in another study 
(Donlan and Costerton, 2002).20 We have seen that 
Gram positive biofilm producers showed 100% 
sensitivity to vancomycin  and among the Gram 
negative bacteria, most of them were sensitive to 
broad spectrum antibiotics like meropenem and 
imipenem. High resistance could be attributed to the 
biofilm producing ability of the isolates. Current 
antibiotics have classically been developed to treat 
infections involving planktonic bacterial populations 
and are typically ineffective in the eradication of 
bacteria in biofilm leading to persistent infections. The 
wide difference in resistance rates in these bacterial 
isolates may be attributed to injudicious and 
inappropriate use of antibiotics and further biofilm 
formation complicates the resistance problem.  
 
Novel therapeutic solutions other than the 
conventional antibiotic therapies are in urgent need. 
Replacing the old, biofilm-laden catheters before 

antibiotic treatment is a sensible option. 21 Strategies 
have to be devised to control and prevent nosocomial 
infections associated with the use of implants in 
clinical practice. There are many recent research in 
discovery of alternative approaches to prevent or 
treat biofilms. Current anti-biofilm technologies 
includes the use of small molecules and enzymes  
which will  inhibit or disrupt biofilm formation. 
Another group of anti-biofilm technologies focuses on 
modifying the biomaterials used in medical devices to 
make them resistant to biofilm formation.22 The 
antibiotic policy need to be changed at regular 
intervals to prevent the development of resistant 
pathogens that leads to medical device related 
complications. Also newer microbiological techniques 
need to be developed to identify biofilm based 
infection.  
  
Conclusion:  In conclusion bacteria colonise and 
develop biofilm in the indwelling catheters, which 
needs to be taken care. Antibiotic treatment alone is 
often inadequate to overcome biofilm infections.  
Biofilm forming bacteria showed a higher drug 
resistance when compared to non biofilm forming 
bacteria. A knowledge of the antibiotic susceptibility 
of the organisms isolated from the devices helps to 
formulate an antibiotic policy. This also avoids un-
necessary use of broad-spectrum empirical antibiotics 
and prevents emergence of drug resistant bacterial 
strains. 
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Abstract: Background: Despite the known beneficial effects of small group teaching learning the original concept of 
small group deviate with regard to set-up and group size. Due to disproportionate ratio of teacher and student’s in 
small group discussions (SGD) most of the tutorials end up in to lectures and students are passive listeners. 
Involvement of students is effective method of teaching – learning and promotes problem solving, critical thinking, 
communication skills, teamwork, self- directed learning and retention of information. This study aims to examine the 
effectiveness of the interactive SGD for slow learners in Physiology. Methodology: Consented 56 students, scored 
less than 40% in internal assessment (IA) were involved in this study. Physiological systems considered as a one 
module and were divided into sub-units and learning objectives were formed. In the beginning of the SGD a pre -test 
was conducted. Students were divided into groups.  Interactive inter- group discussions were conducted for focused 
groups. After the completion of all modules, assessment was conducted and score was compared with the first 
internal assessment score. Result: The result was reflected in improved performance with the interactive SGD, with 
Mean score of first IA (79.00 ± 17.20) and that of mean score of assessment taken after SGD (106.75 ± 23.74) with p < 
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Introduction: In India, medical teaching is traditional 
type and teacher student ratio and other rules and 
regulations have to follow according to the medical 
council of India1.Subjects like Anatomy, Physiology 
and Biochemistry are taught during first year of MBBS 
course. Teaching is in the form of lectures for the large 
group, practicals as hands on training and tutorials for 
small groups. Colleges which enroll 150 to 200 
students every year, due to practical reasons and for 
convenience students are divided into three batches 
for tutorials and practical. Despite the known 
beneficial effects of small group teaching -learning the 
original concept of small group deviate with regard to 
set-up and group size. Due to 50 to 60 students in 
each batch and disproportionate teacher and 
student’s ratio 2, most of the time of in small group 
teaching like tutorials end up into lectures by multiple 
educators3 and students are passive listeners. 
Literatures suggest that small group teaching with 
involvement of students is effective method of 
teaching – learning4and promotes greater synthesis 
and retention of information5.Active teaching learning 
strategies are stimuli for learning, enabling students to 
understand the relevance of underlying scientific 
knowledge and principles in clinical practice6. It 
focuses on application of basic knowledge to solve 
complex real-world problems and improves learner’s 

problem solving, critical thinking, communication 
skills, teamwork, independent responsibility for 
learning and sharing information and fosters many of 
essential concepts7,8,9,10. 
 
Considering the above mentioned facts this study aims 
to examine the effectiveness of the interactive small 
group discussions conducted by a single teacher as a 
facilitator among the first year medical students as a 
part of remedial measures for slow learners in 
Physiology. 
 
Objective: To evaluate the effectiveness of interactive 
small group discussion among the slow learners of 
first year medical students in Physiology  
 
Methods: The study was explained to the first year 
medical students admitted during the year 2013-14 
batch of KLE University’s J. N. Medical College, 
Belagavi after the ethical clearance obtained from the 
institutional ethics committee and consented students 
who scored less than 5 involving large number of 
students0% in first internal assessment (IA) were 
involved in this study.  
 
Physiological systems covered till first IA was 
considered as modules. Each module is further divided 



Effectiveness of Interactive Small Group Discussion as a Novel Teaching Learning Method 

NJIRM 2017; Vol. 8(5) September  – October                eISSN: 0975-9840                                      pISSN: 2230 - 9969 50 

 

into 2 to 6 sub-units.  Learning objectives were formed 
for each sub-unit. A week prior to a small group 
session, students enrolled were provided the details 
of learning objectives, study material containing the 
reference books and clinical case scenarios related to 
the topic covered in sub modules and important 
questions from previous university examinations 
related to sub unit of the module. In addition to this 
students acquired information from lectures and 
other sources. 
 
In the beginning of the small group discussion (SGD) a 
test was conducted for the group in the form of 
Multiple Chose Questions (MCQs) from concerned 
sub-units. Score was given immediately by the 
facilitator who monitors the performance of a 
student.  
 
Students were divided into groups, each containing 
eight students. These groups were discussed with 
questions from important aspect of lectures, clinical 
cases and from the previous year’s University 
examinations. All groups worked on the same 
questions by group discussion. In each SGD students 
recalled, analyzed, and applied their previous 
knowledge and arrived at the final answer. The 
deficiencies in understanding were covered and clear 
understanding was accomplished by discussions 
amongst peers in the group. During the group 
discussion, a facilitator observed the group 
discussions. Faculty clarified any concept their doubts 
if any the student had. 
 
Facilitator selected student from the groups randomly 
for the presentation of cases and to answer questions. 
An inter-group discussion on the presentation 
followed the reflection. Controversy, uncertainty and 
respectful debate on possible solutions occurred in 
the discussions. All cases and questions given were 
discussed during the session. The role of the facilitator 
was to answer additional questions raised or address 
various issues that arise during the discussion. 
 
One session was conducted for three hours, which 
included 15 minutes for MCQ test, two to two and half 
hours (depending upon the sub module) for discussion 
and presentation among the groups on questions 
allotted and presentation of cases and another 
15minutes for post-test and 15 to 20 minutes for 
feedback from the facilitator. After the completion of 

all modules, assessment (CAMA) was conducted with 
the same pattern as in the first IA. 
 
Statistical analysis: Mean scores of CAMA and first IA 
were compared using paired  ‘t’ test. 
 
Result: Mean score of 56 first year MBBS students 
who scored less than 50% in first IA was 79.00 ± 17.20 
and that of mean score of assessment taken after 
completion of all modules (CAMA) was 106.75 ± 
23.74.There was statistically significant improvement 
in performance of students with CAMA, p value <0.05.  
Hence analysis of the result reflected in improved 
performance with the interactive SGD. 
 

Fig 1: Comparison of first (IA) and Completion of All 
Modules Assessment (CAMA) 

 
*p<0.05 
 
Discussion: It was observed that there was statistically 
significant improvement in the performance of 
students with inclusion of interactive SGD.  
 
In the present study design pre-class preparation 
maximizes the student centered and self–directed 
learning. It facilitates deeper discussion during the 
class time. In pre-class preparation, a “real- world 
problem” in the form of case-scenario prior to the 
actual session that promotes learning11,12,13. Tests 
conducted before actual starting of SGD are designed 
to hold learners accountable for preparation for SGD 
and also allow peer-to-peer teaching-learning8in areas 
of deficiency. It also provides an additional 
opportunity to process and learn basic facts and 
concepts11. This incorporates the idea within the team 
communication which enhances their learning. The 
knowledge and critical thinking skills of the students 
who are not adequately prepared is enhanced due to 
their peers’ knowledge that are well prepared. The 
effectiveness of application depends on student’s 
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preparedness. If a student does not know the basic 
concepts, they cannot apply them. Real-world case 
scenarios simulate students to critically think, analyze 
and synthesize the information to come out with the 
final solution for the problem14,15. Thus SGDs improve 
the problem solving skill of the individual. 
Development of critical thinking is essential in medical 
profession as no two patient situations are same. 
Questions are an integral part of the teaching that 
assist student to apply their knowledge and develop 
critical thinking skills16.Questions asked were used to 
challenge the students’ thinking and application of the 
concepts and to facilitate the development of problem 
solving and critical thing skills. Cognitive coverage of 
the course objective occurred due to random 
questioning that increases student engagement, 
understanding and preparation for the subject and 
better attention of the student in the task, students 
remain alert and involved during the entire session. 
This encompasses accountability and student’s 
confidence has increased. 
 
Students working on same task, controversy, 
uncertainty and respectful debate on possible 
solutions in the discussions foster in depth 
assimilation of the concepts11. A good application task 
challenges a team to make a number of evaluations, 
decisions and judgments to arrive at a final answer. 
Students get practice to apply knowledge in safe 
environment and can apply in future profession as a 
clinician. 
 
Students always remain in their assigned teams for 
the duration of the course and progressively, become 
more effective in helping members and apply course 
content. Learning in group exposes students to 
multiple point of view and ideas and provide 
additional insights from each other. Discussion as a 
group allows deeper learning, better retention and 
improves performance17. This collaboration and 
interaction with peers during preclinical curriculum 
will teach practical interpersonal communication 
skills18 and develop team work skill that in turn helps 
them in their clinical years. Students require applying 
most appropriate knowledge, before coming to the 
final right conclusion.  Students engaged in finding out 
why an answer is correct by self-learning and 
discussion with peers and faculty. Thus students 
develop and demonstrate reading, teaching, 
negotiation skills and these activities enhance long-

term learning, mastery over the course material and 
long –term retention8,15,18. 
 
The end-of-the-modules assessment was conducted 
which was composed of MCQ and SEQ that test the 
knowledge and application of the physiology course 
and also help students in recalling, integrating the 
subject material and help in retention of knowledge. 
 
Knowledge is acquired through three criteria: 
modality, frequency and duration24.In this SGD, 
students were exposed to different modes, reading (in 
preparation before actual SGD), writing (pre SGD test 
and end module test in the form of SEQ) and verbal 
activities (class discussion, presentation).The 
frequency and duration were in the form of 
repetitions in reading , discussions exposure to SEQs. 
Repeated assessment and recall have been shown to 
increase long-term retention of the material. 
 
Our findings as learning in small groups is an effective 
method were concordant with the previous 
studies20,21,23,23,24. 
 
Conclusion: This type of interactive SGD can be 
conducted for a large number of students by single 
teacher as a facilitator. By conducting such type of 
interactive SGD, student gets into the habit of 
gathering the information, they can analyze, 
synthesize, integrate and apply in different problems. 
This develops students as lifelong learners and 
enables them to solve a new problem with 
confidence, which helps them in their future.  
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Just a few days ago, while having coffee with a 

group of elated Interns, who are about to 

complete their Internship, I had a casual 

conversation with them. When I asked them, 

“What made them pursue Medicine”, almost all 

gave a similar reply as “Want to serve the society, 

the humanity, the country and do good” and some 

said “Want to relieve the pain”. Well, all for good 

cause, I felt contented. Further when I probed as 

to what are their future plans, again all of them 

had the same answer “Right now, preparation for 

NEET (National Eligibility Cum Entrance Test), 

to pursue Post Graduation (PG), preferably go for 

Super-specialization”. Not very surprised with 

what I had to hear, curiously wanted to know why 

they all wanted to pursue super-specialization 

only? Again there was the similar response from 

all “To earn well and settle well”. Well, not bad! 

One has to be ambitious and this generation of 

budding doctors are high on it.  Further, as just a 

part of a casual conversation I enquired - what all 

they have learnt during Internship? (Here I meant 

what new competencies); and this time the 

response was a bit surprising - “Who wants to 

learn Madam, all our concentration was on NEET 

preparation”. Really? Then “How much time do 

you spend speaking to each patient, on an 

average?”, they said “There is no need to speak to 

them. Just ask for any complaints, record their 

vitals, note them in a case sheet, finish rounds 

with the consultants and rush back to library to 

read.” This came as too much to handle!  But in 

reality, this is the current scenario in most of the 

Medical schools in India with most of the 

students. 

 

Most of the young minds, who enter Medical 

colleges in India are of above average 

intelligence, many are exceptionally bright, and 

all yearn to do good. This is largely true, even 

though our entrance exams do not really test 

intelligence or aptitude, and these young 

people stopped looking beyond physics-

chemistry-biology at the age of 13, becoming 

little more than marks-scoring machines [1].
 

They all enter Medicine with high aspirations 

of serving the needy, dreaming about making 

a change in the Profession. 

 

On the other hand, the expectations on 

patients’ part are far from what our Interns 

think and wish to aspire in their future. All the 

patients need definitely something more than 

the medicines and machines, a bit of empathy, 

compassion and to view patients holistically 

as ‘human’ sufferers rather than mere ‘Cases’.  

 

Where did that initial dream of service get 

lost? Somewhere between ideologies of 

‘serving the needy’ and dreams of ‘settling 

well’, the essence of service, ethics and 

professionalism was hidden. It is said that 

Medicine is the ‘art’ and ‘science’ of healing. 

The paradox is, science of healing is much 

ahead today with much advanced technologies 

and modalities, but what about the Art of 

healing? Have we left it behind in the awe of 

advanced science? Have we forgotten the 

humanities?  Why so?  

 

This may be partly attributed to the growing 

socio economic burden, competition of getting 

into Post-Graduation, societal pressure to 

settle well etc. But is also due to the fact that 

the present medical curriculum does not 

include any such subject which relates to the 

conduct of the health care providers [2]. 

Though students learn professionalism, ethics, 
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humanities by observing the teachers and 

clinicians, they learn them on their own. Since 

these subjects are a part of hidden curriculum, 

there is no uniformity in the way by which 

medical students are being taught. Not much 

emphasis is given to these aspects as the 

attitudinal domain is not being assessed 

independently. Moreover, while the problem of 

lack of communication between the doctors and 

the patients has long been recognised in India, not 

much has been done to rectify it. 

 

What is Medical Humanities (MH)?  
 

Medical humanities (MH) has been defined by 

Dr. Deborah Kirklin from the United Kingdom 

(UK), an international authority on the subject as 

“an interdisciplinary and international endeavour 

that draws on the creative and intellectual 

strengths of diverse disciplines (including 

literature, art, creative writing, drama, film, 

music, philosophy, ethical decision making, 

anthropology), traditionally known as the 

humanities to pursue specific goals in medical or 

health professions education and history in 

pursuit of medical educational goals” [3]. 

 

Why Medical humanities?  
 

Engagements with medical humanities may offer 

benefits, including fostering clinicians’ abilities 

to communicate with patients, to penetrate deeply 

into patients’ wider narrative, and to seek more 

diverse ways of promoting well-being and 

reducing the impact of illness or diability [2]. 

Oyebode has described different ways in which 

humanities can enrich medical practice. To put it 

simply, engagement in such activities may lead to 

overall behavioural change of medical 

professionals thus improving their approach 

towards the patient [4]. Yet again in simple terms, 

MH can bridge the gap between the professional 

behaviour and patients’ expectations.  

 

Medical humanities in India  
 

MH programs are common in the United States 

and most of the European countries [2]. MH 

programs have been initiated in many developing 

countries ranging from Turkey, the Middle East, 

and South East Asia. In India, Dr. Satendra Singh 

and colleagues at the University College of 

Medical Sciences (UCMS), New Delhi, have 

taken a number of initiatives in MH [5]. Some 

medical Institutions in India have shown 

Interest in MH like Seth GS Medical College 

in Mumbai, Maharashtra, PSG Institute of 

Medical Sciences and Research (PSGIMSR) 

in Coimbatore, Tamil Nadu, and Jorhat 

Medical College, Jorhat, Assam, among 

various institutions [6]. The Centre for 

Community Dialogue and Change (CCDC, 

www.ccdc.in) and the MH Team of UCMS 

conduct workshops on Theatre of the 

Oppressed (TO) in various institutions and 

have done pioneering work in popularizing 

TO among educators in India [1,6]. 

 

Recognizing the urgent need for the reforms 

in medical education, Medical Council of 

India (MCI) had proposed significant changes 

to Medical curriculum, mentioning for the 

first time about medical humanities in the 

course components as well as direction to 

medical colleges to appoint faculty who are 

experts in these non-medical disciplines [1]. 

 

While a wealth of literature is available on 

MH and its modules across the globe, the 

challenge for us in India is to evolve a model 

that is India-specific, shaped by our socio-

economic and cultural realities and the 

diversity of needs of our population [1]. 

 

Medical Council of India has gone a step 

ahead with plans to introduce “ATCOM 

Module” (AT= Attitude and COM= 

Communication skills) into the Undergraduate 

Medical Curriculum for the first time with an 

idea to bridge the gap between the ‘Art’ and 

‘Science’ of medicine. The ATCOM module 

has been prepared meticulously taking into 

consideration the socio-cultural, economic, 

regional, linguistic and religious diversities 

and the needs of our society. It also addresses 

the need of Medical Humanities in Medicine. 

Since implementation of this module is 

another challenge in all the Medical 

Institutions, MCI has begun the sensitization 

of faculty in this direction, in the revised basic 

course workshops (rBCWs) and ATCOM 

sensitization programs at the MCI Nodal 

Centres and Regional Training centres. This 

initiative by MCI is appreciable and 

welcomed in this need of the hour. Modern 

medical education is dominated by the 
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sciences. MH can offer the contrasting and yet 

complementary perspective of the arts in the 

education of future doctors. Budding medical 

students have limited life experiences and 

literature can introduce them to unfamiliar life 

situations. Critical appreciation of fine arts and- 

paintings can strengthen the visual observation 

skills of medical students. MH and TO can 

demand an emotional response from 

participants and help them better understand 

patient stories [6]. Thus, helping the budding 

doctors to evolve into the Complete and 

competent health Professionals to meet the 

needs of the society. 
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Abstract: Objectives: To know the safety profile of Risperidone in young children. Background: Risperidone 

is an atypical antipsychotic. It has proven efficacy in treatment of psychotic disorder in adults. Use of 

risperidone in children and adolescents has been limited. Its usage below 5 years of age is limited mainly due to 

lack of availability of data. Our study shows safety profile of risperidone in age group below 5 years in treating 

behavioral problems associated with various childhood disorders. Material & Methods: The study was carried 

out in a tertiary care hospital in the department of Child neurology and Psychiatry. Common childhood 

disorders were diagnosed according to Diagnostic and Statistical Manual (DSM IV) and those associated with 

disruptive/behavioral problems were included in the study. Symptom severity and improvement were assessed 

with Clinical Global Impression- Severity (CGI-S) and Improvement (CGI-I) scales. Risperidone was initiated 

after taking informed consent from the parent/guardian. Results: In our study total 12 (n=12) subjects were 

included. PDD (n=4), PDD plus ADHD (n=2), PDD plus ADHD plus Intellectual disability (n=2), Cerebral 

Palsy with Epilepsy (n=2) and Global developmental delay (n=2). Baseline and end point CGI scores were 5-6 

and 1-2 respectively. Baseline investigations such as lipid profile, fasting blood sugar levels, Electro 

cardiogram (ECG) were recorded and compared before and after initiation of risperidone. Dose range of 

risperidone was 0.5-2mg per day. Common side effects were sedation and weight gain in a few patients only. 

No life threatening side effects were noted. Conclusion: Our study findings suggest that risperidone is well 

tolerated even in children below 5 years of age over a period of 1 year with improvement in target symptoms. 

There is significant improvement even in quality of life and reduction in family burden. 

Keywords: Risperidone, Young Children, Safety and Efficacy. 

 

 

Introduction 

Risperidone is an atypical antipsychotic. Various 

indications for usage of risperidone are 

schizophrenia in adults, acute case of mania in 

bipolar disorder, short-term use in persistent 

aggression in Alzheimer's disease and conduct 

disorder. Its predominant usage is in adults. 

However risperidone is recently approved by US 

FDA, in Autistic disorder associated with 

irritability between age group of 5-16 years [1]. 

 

It is found to be effective and safe in this age 

group. There is very sparse data available on its 

usage in children below 5 years of age where 

problems like aggression are seen and there are 

no effective drugs available. Here we report 

usage of risperidone in young children (below 5 

years of age) for various disorders. This drug was 

used after discussing in detail about the drug with 

the parents (indication for use, possible side 

effects and ensuring regular follow up) and 

obtaining consent from the parents. 

 

Material and Methods 

The study was carried out in a tertiary care 

hospital in the department of Child neurology 

and Psychiatry. All children who visited the 

outpatient department of Child neurology and 

those referred from department of Psychiatry 

and who were diagnosed as Pervasive 

development disorder, ADHD, Cerebral palsy, 

Intellectual disability according to DSM- IV 

[2] and others were included in the study. 

Irritability, aggression and out of control 

behavior were main reasons for initiating 

risperidone in these patients. Informed 

consent was taken from guardians/parents 

before initiating risperidone.  
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Risperidone was started at lower doses and 

gradually titrated according to the clinical 

response and side effects. Clinical Global 

Impression-severity (CGI-S) and improvement 

(CGI-I) [3] scales were applied depending on the 

parents and treating doctors clinical observation. 

All the cases were followed up at 4 weeks and 

assessed for clinical improvement and side 

effects. Subsequently cases were followed up at 

the end of 6 months and 1 year respectively. Base 

line weight, Fasting blood sugar (FBS), Lipid 

profile, (TC- Total Cholesterol and TG- 

Triglyceride) and ECG were recorded. 

 

Results 

In our study total 12 (n=12) subjects were 

included. Pervasive developmental disorder 

(PDD) (n=4), PDD plus Attention deficit 

hyperactive disorder (ADHD) (n=2), PDD plus 

ADHD plus Intellectual disability (ID) (n=2), 

Cerebral Palsy (CP) with Epilepsy (n=2) and 

Global developmental delay (n=2). Baseline and 

end point CGI scores were 5-6 and 1-2 

respectively. The starting dose of risperidone 

was 0.25-0.5mg, gradually dosage was 

increased to the range of 1.5-2mg, reasons for 

increment in dosage were minimal or non 

responsive to the lower doses of target 

symptoms. Dose increment was required in 10 

patients. While assessing the side effects 6 

patients reported sedation in the initial part of 

treatment. 2 patients reported weight gain 

which was more than the expected weight for 

that particular age. 4 patients did not report 

any side effects.  

 

None of the subjects in the study developed 

severe side effects such as extra pyramidal 

side effects (EPS). Fasting blood sugar levels 

and Lipid profile (TC- Total Cholesterol, TG- 

Triglyceride) were recorded before starting 

medications. There was no significant 

increase in base line levels of these parameters 

at the end of one year. Normal fasting blood 

sugar levels were < 100mg/dl and normal 

Total Cholesterol levels were <300 mg/dl and 

normal Triglyceride levels < 150 mg/dl. 

 
Table-1: Shows base line and final assessment of weight and Fasting blood sugar level along with 

demographic details 

Sl. 

No 
Age Gender Diagnosis 

Weight (kg) 

before 

treatment 

Weight (kg) 

after 

treatment 

FBS 

baseline 

FBS at the 

end of 1 

year 

1 
3 Years 5 

months 
Male 

CP with 

Epilepsy 
13 15 86 79 

2 
1year 5 

months 
Male 

CP with 

Epilepsy 
9 14 64 84 

3 
3 Years 4 

months 
Male 

PDD with 

ADHD 
14 16 75 86 

4 5Years Male 
PDD with 

ADHD 
15 19 82 78 

5 
4Years 6 

months 
Female 

PDD with 

ADHD with ID 
16 27 90 88 

6 
3 Years 2 

months 
Male 

PDD with 

ADHD with ID 
12 16 74 86 

7 
2 Years 

5months 
Male PDD   91 69 

8 
4 Years 7 

months 
Female PDD 17 26 83 80 

9 
2 years 10 

months 
Male PDD 13 16 68 79 

10 
3 Years 8 

months 
Male PDD 15 18 85 92 

11 
3 Years 

3months 
Female GDD 14 17 93 86 

12 3Years Male GDD 13 16 79 87 

CP- Cerebral palsy, PDD- Pervasive developmental disorder, ADHD- Attention deficit hyperactive disorder, ID- 

Intellectual disability, GDD- Global developmental delay, FBS- Fasting blood sugar level. 
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Table-2: Shows base line and final lipid profile, CGI scores along with drug side effects 

Lipid profile  

baseline 

Lipid profile 

at the end of 

1 year 

TC TG TC TG 

Side effects 

at 4 weeks 

Side effects 

at 6 months 

Side effects 

at the end of 

1 year 

CGI Score 

(Initial) 

CGI Score 

at 1year 

114 52 169 63 No SE No SE No SE 5 2 

145 86 174 74 No SE No SE No SE 6 2 

117 87 116 43 Sedation No SE No SE 6 1 

158 98 149 75 No SE No SE No SE 6 2 

129 49 146 39 Sedation Sedation Weight Gain 5 2 

159 51 114 62 Sedation No SE No SE 5 2 

116 69 134 76 No SE No SE No SE 4 1 

138 97 125 86 Sedation Sedation No SE 5 2 

187 68 152 77 Sedation No SE No SE 6 2 

147 56 128 68 Sedation No SE Weight Gain 5 1 

156 79 140 88 No SE No SE No SE 4 2 

184 89 142 68 No SE No SE No SE 4 2 

TC- Total Cholesterol, TG- Triglycerides, CGI- Clinical Global Impression 

 

 

Discussion 

Behavioral problems often co-occur with 

developmental disorders. Irritability, aggression, 

hyperactivity, self injurious behavior are 

commonly associated with Pervasive 

developmental disorders, ADHDs and Mental 

retardation [4]. Disruptive behavior account for 

4%- 9% [5] of pediatric population and these are 

the most common psychiatric disorders of 

childhood [6]. These behavioral problems 

interfere with rehabilitative efforts and pose 

enormous challenges to parents and educators [7].  

 

When behavioral problems interfere with daily 

activities, general well being and therapeutic 

programme, pharmacological intervention should 

be considered. Typical Antipsychotics like 

haloperidol are used but risk of unwanted extra 

pyramidal symptoms is high. Atypical 

antipsychotics score over typicals in these side 

effects. Risperidone is used and being studied to 

treat behavioral symptoms. But however the data 

available is over 5years of age [8]. Also 

behavioral problems in children if untreated can 

cause functional impairment and overall 

deterioration in quality of life. Reports have been 

published indicating risperidone as effective 

treatment in these symptoms [9]. Even though 

psychosocial intervention should be the primary 

intervention strategy in preschool children, 

many children still persist to have behavioral 

problems [10]. Further there are no clear cut 

guidelines in management of disruptive 

behaviors in very young children. 

Psychopharmacological intervention is 

warranted if symptoms causes significant 

distress [11].  

 

Risperidone is now more commonly used as 

effective treatment in disruptive behaviors in 

preschool children. Risperidone is also shown 

to be effective in treating autism and related 

behavioral problems. Some studies have 

reported that risperidone is effective in 

treatment of aggressive behavior in preschool 

children [12]. In fact risperidone was among 

few medications which was approved for 

children below 6 years of age [11]. Common 

diagnosis for which risperidone was used 

included PDD, ID, ADHD and disruptive 

behavior disorders [10].  

 

In our study risperidone was initiated in 

children below 5 years of age group. Common 

side effects included sedation and weight gain. 

These findings are generally consistent with 

other studies. Though these side effects were 

common none of the study participants 
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discontinued the treatment. Though the literature 

suggests that non pharmacological methods 

should be considered as primary treatment 

modality, clinically it becomes difficult due to 

following reasons. Children with behavioral 

problems pose a significant family burden, 

generally parents/caregivers want symptom 

reduction as soon as possible. Further non 

availability of psychosocial services is also one of 

the reason. The need to travel long distances and 

financial constraints are few other reasons. There 

is hardly any Indian data available regarding 

usage of risperidone in children below 5 years of 

age. Considering the above mentioned reasons 

pharmacological intervention with risperidone in 

young children would be a better alternative 

treatment modality. 

Conclusions 

Study findings suggest that risperidone is well 

tolerated in children below 5 years of age over 

a period of 1 year with improvement in target 

symptoms. Improvement in target symptoms 

were observed and acknowledged by parents/ 

guardians and treating doctors. There is 

significant improvement even in quality of life 

and reduction in family burden. Limitation of 

this study would be small sample size. 

Although these findings are not sufficient to 

direct treatment, we suggest that larger-scale, 

double-blind, placebo-controlled 

investigations of risperidone in children below 

5 years may now be conducted. 
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Abstract: Background: Globally, the prevalence of diabetes is rising day by day. Diabetes is deeply rooted in 

Obesity and the other factor like aging of population. As per the WHO projection, diabetes is going to be the 7
th

 

leading cause of death in the year 2030. Objective: Estimate the Prevalence of diabetic mellitus among the 

obese and overweight people of 35 years and above. Materials and Methods: A Cross sectional study was 

conducted to estimate magnitude of diabetes among 335 obsese and overweight of age 35 years and above. 

Random blood glucose was estimated with cut off of >180mg/dl. Data was analyzed using SPSS version. 

Results: Out of 335 obese and overweight participants 19.4 percent were diabetic. 59.4 percent were females. 

Most of them (36.71%) were farmers, followed by 16 percent laborer. There was a significant association in 

between sex and the diabetic mellitus as the p-value was found to be less than 0.05. Conclusion: Prevalence of 

diabetes among obese has been increased. Hence, obesity is measured as the foremost risk factor for diabetes. 

Keywords: Obese and overweight, diabetes, prevalence, periurban area. 

 

 

Introduction 

Diabetes is a group of metabolic diseases 

characterized by hyperglycemia resulting from 

defects in insulin secretion, insulin action or both. 

The chronic hyperglycemic condition may cause 

long-term damage, dysfunction, and failure of the 

various organs especially eyes, kidney, nerves, 

heart and blood vessels [1]. Overweight and 

obesity is the condition arises due to the abnormal 

or excessive fat accumulation that can cause risk 

to health. Generally the person with BMI of 30 or 

more is considered as obese, where as the person 

with BMI of 25 or more is considered as 

overweight [2].  

 

Globally, the prevalence of diabetes is rising day 

by day. Diabetes is deeply rooted in Obesity and 

the other factor like aging of population. 

Although the prevalence of diabetes is more in 

developed countries, the rise in diabetes rate is 

more in developing countries [3]. Diabetes 

mellitus is considered as one of the major 

contributor for the death and disability worldwide 

[4-5]. Globally the prevalence of diabetes was 

estimated to be 9 percent among adults in 2014 

[6]. In the year 2012, an estimated 1.5 million 

deaths took place because of the diabetes [7]. 

Developing countries are more sufferer of the 

disease. It showed that more than 80 percent 

of the diabetic death occurs in low and 

middle-income countries [7] as per the WHO 

projection, diabetes is going to be the 7
th
 

leading cause of death in the year 2030 [8]. 

There are more than 1 billion overweight 

adults, out of which at least 300 million of 

them are obese. The World Health Statistics 

Report, 2012 showed that globally 1 in 6 adult 

is obese and each year about 2.8 million 

individuals die because of the overweight or 

obesity [3, 8]. Obesity and overweight is the 

major risk factor for the chronic diseases like 

diabetes, hypertension, cardiovascular 

diseases, stroke and certain forms of cancer 

[9]. 

 

India contributes the highest prevalence of 

diabetes mellitus and the number is increasing 

at an alarming rate. According to the 

International Diabetes Federation (IDF), India 

contributes the highest prevalence of diabetes 

than any other country in the world. Currently 

the number of diagnosed diabetic cases in 

India is about 62 million which increase of 
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over 10 million from the year 2011. The disease 

has reached the endemic proportions in the 

country. It is estimated that in the year 2030, over 

100 million people in India are likely to suffer 

from diabetes [10]. According to the World 

Health Organization; obesity is the most common 

among the most neglected, public health 

problems in both the developed and developing 

countries [11]. India is a country where more than 

270 million people live below the poverty line. 

Hence obesity seems to be distant issue. But India 

is under the cordon of junk food, alcohol and 

sedentary lifestyle which leads to silent self-

destruction and making one in every five Indian 

either obese or overweight [12]. 

 

The community based studies regarding the 

prevalence of diabetes among obese people are 

very few. Hence, the present study is designed to 

know the Prevalence of diabetic mellitus among 

the obese and overweight people of 35 years and 

above during the year 2008 and 2009. 

 

Material and Methods 

A community based cross- sectional study was 

conducted over a period of 10 months from April 

2008 to February 2009. Study area: The 3 PHCs 

namely Kinaye, Handignur and Vantamuri 

(Under the field practice area of J.N. Medical 

College, Belagavi). Sample size: The sample size 

was calculated by using the formula n= 4pq/d
2 

.The value of d=0.1 (error in estimation of p). 

Hence, the sample size for the study was 

estimated to 1540. Sampling technique: Simple 

random sampling method Inclusion& Exclusion 

criteria: The population who was 35 years and 

above was enrolled in the study where as those 

who did not give the informed consent were 

excluded from the study. 

 

Ethical clearance: Ethical clearance was taken 

from Institutional Ethics Committee (IEC) of 

J.N.M.C, KLES, Belagavi and informed consent 

was taken from participants prior to conduction of 

study. Tools for data collection: A pretested and 

predesigned questionnaire was used to collect the 

data. Study procedure: All the study participants 

were screened for Obesity and overweight having 

the cut off value of 25 (Body Mass Index- BMI). 

The BMI was calculated as weight in kg per 

square of height in meter. Out of 1540 

participants, 335 were diagnosed as obese and 

overweight and hence they were enrolled in the 

study. After the screening of Obese and 

overweight population, they were sent for 

random blood glucose test to diagnose 

whether they were diabetic. The data 

collectors were trained in measuring the 

height and weight of individuals. 

 

The demographic profile like age, sex, 

occupation, education and income was 

collected. The data on family history, type of 

diet they consume and physical activities were 

also collected.  Statistical analysis: Before 

entering the data in the computer, it was 

compiled, re checked and coded. Data was 

analyzed using appropriate statistical tools in 

SPSS 20. Data was presented on tabular and 

graphical form as per necessary. 

 

Results 

The study revealed that out of 1540 

participants; 335 were detected as obesity and 

overweight. Hence those 335 participants 

were enrolled in the study and were further 

screened for the diabetic mellitus. Out of 

those who were obese, maximum i.e. 59.4 

percent were female. Most of them (36.71%) 

were farmers, followed by 16 percent laborer, 

13 percent were professionals, 12 percent 

were involved in their own business and 20 

percent of the study participants were 

involved in other professions. 

 

Table-1: Distribution of participants as per 

religion & family history of diabetes 

Religion Frequency Percentages 

Hindu 223 66.56 

Muslim 66 19.7 

Christian 26 7.76 

Others 20 5.87 

Total 335 100 

Family History 

Yes 84 25.07 

No 251 74.92 

Total 335 100 

 

The study showed that 64.17 percent of the 

obese participants were literate however only 

35.82 percent were illiterate. 48.65 percent of 
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the study participants had the annual income 

ranging from INR10001- 50000, followed by 

31.04 percent i.e. Less than INR10000, 17.61 

percent had INR50001-100000 and very minimal 

i.e. only 2.68 percent of the study participants had 

the annual income of more than INR100000. The 

study revealed that 99.4 percent of the study 

participants were aware of diabetic mellitus. Only 

33.73 percent were doing some physical activities 

like walking, jogging and running. See table no. 1 

for religion and family history of diabetes. 

 

Table-2: Association in between sex and diabetes 

Diabetes 
Sex 

Absent Present 
Total 

102 34 136 
Male 

75.0% 25.0% 100.0% 

168 31 199 
Female 

84.4% 15.6% 100.0% 

270 65 335 
Total 

80.6% 19.4% 100.0% 

DF= 1, Chi-square value=4.586,   P-value=<0.05 

 

Out of 335 obese and overweight participants 

19.4 percent were diabetic. The study also 

showed that 57.91 percent of the obese 

participants were non-vegetarian. There was a 

significant association in between sex and the 

diabetic mellitus as the p-value was found to be 

less than 0.05 (Table no. 2) .The associations in 

between diabetes and educational status, family 

history and physical activities can be seen in table 

no. 3, 4 and 5 respectively. 

 

Table-3: Association in between educational 

status and diabetes 

Diabetes 
Education 

Absent Present 
Total 

186 29 215 
Literate 

86.5% 13.5% 100.0% 

84 36 120 
Illiterate 

70.0% 30.0% 100.0% 

270 65 335 
Total 

80.6% 19.4% 100.0% 

DF=1, Chi-square value= 13.427,    P-value= 0.000 
 

Table-4: Association in between family 

history and Diabetes 

Diabetes Family 

History Absent Present 
Total 

74 10 84 
Yes 

88.1% 11.9% 100.0% 

196 55 251 
No 

78.1% 21.9% 100.0% 

270 65 335 
Total 

80.6% 19.4% 100.0% 

DF=1, Chi-square value= 4.031,   p-value= 0.029 

 

 

Table-5: Association in between physical 

activities and diabetes 

Diabetic status Physical 

activities Absent Present 
Total 

98 15 113 
Yes 

86.7% 13.3% 100.0% 

172 50 222 
No 

77.5% 22.5% 100.0% 

270 65 335 
Total 

80.6% 19.4% 100.0% 

DF=1, Chi-square value= 4.096, p-value= 0.028 

 

 

Discussion 

The study revealed that, out of those who 

were obese, maximum i.e. 59.4 percent were 

females. Most of them i.e. 36.71 percent were 

farmers. 64.17 percent of the obese 

participants were literate. The study revealed 

that 99.4 percent of the study participants 

were aware of diabetic mellitus.  However, 

only 33.73 percent were doing some physical 

activities like walking, jogging and running. 

This is because they must have started 

physical activity after being detected as obsess 

and diabetic. The prevalence of diabetes 

among the 335 obese and overweight was 

19.4 percent. 

 

A study conducted in Pune, India in the year 

2011with total sample of 53 showed that 

64.15 percent of the study participants were 
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females. The prevalence of obesity and diabetes 

was 41 and 13.2 percent respectively. The study 

also showed the statistical significant association 

in between diabetes and obesity [13]. A study 

conducted in the north of Liverpool, United 

Kingdom in the year 2002 with the sample of 

3637, showed that 916 were type 1 diabetic and 

the remaining 2721 of the study participants 

suffered from type 2 diabetes. Among the type 1 

diabetic patients, 53.3 percent were overweight, 

16.6 percent were obese and 0.4 percent had 

morbid obesity. However, among the type 2 

diabetic patients, 86 percent were overweight and 

52 percent were obese and 8.1 percent had 

morbid obesity. 54.2 percent and 53.5 percent of 

the study participants were male in type 1 and 

type 2 diabetes mellitus respectively [14] 

 

Another study conducted in Manipur, India with 

the sample of 1099 male and 669 female 

populations showed that the overall prevalence of 

diabetes in the entire study population was found 

to be 16.63% About 13.8% individuals had 

shown co-prevalence of Diabetes Mellitus. The 

association of Diabetes Mellitus with different 

risk factors such as consumption of alcohol and 

difference in physical activities were found to be 

statistically significant. The association of 

Diabetes Mellitus with different populations and 

age groups are also statistically significant [15]. 

 

Conclusion 

The study revealed that the prevalence of diabetes 

among obese is high. Hence, obesity is measured 

as the foremost risk factor for diabetes. More 

than 50 percent of the study participants were 

females and the association in between sex 

and diabetes was statistically significant. 

Association was also observed in between 

educational status, family history and physical 

activities with diabetes mellitus was 

statistically significant.  

 

Implications 

As diabetes is an iceberg disease and the 

prevalence is high among the obese in rural 

population, the primary health centers can be 

given with the responsibility to conduct the 

diabetes screening health camp on routine 

basis. 

 

Recommendations 

Early diagnosis of diabetes cases among the 

obese and overweight is important and this 

can be done by continuous screening 

programmes in the community. Though the 

government of India has launched NCD (Non 

Communicable Diseases) prevention 

programme, the focus should be given on 

community based mass screening. Obesity 

and overweight is most often due to the 

sedentary lifestyle, hence the modification in 

lifestyle is another important issue for the 

prevention of obesity and overweight. And 

this can be done by encouraging the people 

for avoiding the fast foods and increase the 

physical activities. 
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Background and Objectives
the dental arches and compensating action of the lips and cheek musculature. Alterations in function 
of the facial muscle can establish changes in facial skeleton and in the development of
The role of lips in determining the facial morphology and the tooth position has intrigued dental 
researchers for decades. Thus this prospective study was carried out to ultrasonographically measure 
the lip thickness in class II division 1 m
Methodology:
between 18
occlusion and 15 class 2 div I malocclusion) were included in the stud
measurements were made for upper and lower lip in relaxed and contracted states; which were divided 
into three regions i.e. right, middle and left in both the groups and the resultant data was subjected to 
analysis.
Results
class II division 1group as compared to skeletal class I group in the contracted state and in relaxed 
state. A more predisposition towards females was observed in skeletal cl
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INTRODUCTION 
 
Facial attractiveness plays a key role in social interaction. A 
smile plays an important role in the facial expression and 
appearance.The lips are the controlling factor in which a 
portion of the teeth, gingiva, and oral cavity will be seen in an 
individual’s smile. (Pieter Van der Geld et al
Breitner stated that there should be a balance between the 
forces of the tongue from within the dental arches and which is 
compensated by the musculature of the lips and cheek. He 
called this as functional equilibrium. (Surinder Singh
The theory advanced by Tomes almost a hundred years ago 
stated role of Circumoral musculature and the tongue; which 
principally determines the position of the teeth.
Class II division 1 malocclusion usually make an effort 
touch their lips while swallowing, the exaggerated lip 
on the maxillary incisor makes lip seal difficult.
 

 
*Corresponding author: Dr. Shikha Rastogi, 
Department of Orthodontics & Dentofacial Orthopaedics, KLE Vishwanath 
Katti Institute of Dental Sciences, KLE University, Belgaum

ISSN: 0975-833X 

Article History: 
 

Received 19th May, 2017 
Received in revised form  
10th June, 2017 
Accepted 15th July, 2017 
Published online 31st August, 2017 
 

Citation: Dr. Shikha Rastogi, Dr. Roopa Jatti and Dr. Santosh D. Patil
I and skeletal class ii division 1 malocclusion subjects: A comparative study

Available online at http://www.journal

Key Words: 
 

Circumoral muscle,  
Muscle thickness,  
Ultrasonograph. 
 

 

 
 

 
RESEARCH ARTICLE 

 
ULTRASONOGRAPHIC EVALUATION OF THE CIRCUMORAL MUSCULATURE IN SKELETAL 

I AND SKELETAL CLASS II DIVISION 1 MALOCCLUSION
SUBJECTS: A COMPARATIVE STUDY 

 

Dr. Shikha Rastogi, 1Dr. Roopa Jatti and 2Dr. Santosh D
 

Department of Orthodontics & Dentofacial Orthopaedics, KLE Vishwanath Katti Institute of Dental Sciences, 
KLE University, Belgaum-590010 

Radiodiagnosis, Dr. Prabhakar Kore Medical Hospital and Research Centre, Ne
 
 

 

ABSTRACT 

Background and Objectives: There should a balance between the forces of the tongue from within 
the dental arches and compensating action of the lips and cheek musculature. Alterations in function 
of the facial muscle can establish changes in facial skeleton and in the development of
The role of lips in determining the facial morphology and the tooth position has intrigued dental 
researchers for decades. Thus this prospective study was carried out to ultrasonographically measure 
the lip thickness in class II division 1 malocclusion cases and compare with class I subjects. 
Methodology:  Patients reporting to the Department of Orthodontics, for fixed orthodontic treatment 
between 18-25 years were screened for inclusion and exclusion criteria and 30 subjects (
occlusion and 15 class 2 div I malocclusion) were included in the stud
measurements were made for upper and lower lip in relaxed and contracted states; which were divided 
into three regions i.e. right, middle and left in both the groups and the resultant data was subjected to 
analysis. 
Results: Thickness of oral musculature of different sites of the lower lip were increased in skeletal 
class II division 1group as compared to skeletal class I group in the contracted state and in relaxed 
state. A more predisposition towards females was observed in skeletal cl

is an open access article distributed under the Creative Commons Attribution License, which 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Facial attractiveness plays a key role in social interaction. A 
smile plays an important role in the facial expression and 
appearance.The lips are the controlling factor in which a 
portion of the teeth, gingiva, and oral cavity will be seen in an 

et al., 2007) In 1942, 
Breitner stated that there should be a balance between the 
forces of the tongue from within the dental arches and which is 
compensated by the musculature of the lips and cheek. He 

Surinder Singh, 2009) 

The theory advanced by Tomes almost a hundred years ago 
stated role of Circumoral musculature and the tongue; which 
principally determines the position of the teeth. Subjects with 
Class II division 1 malocclusion usually make an effort to 

exaggerated lip eversion 
on the maxillary incisor makes lip seal difficult. 

tics & Dentofacial Orthopaedics, KLE Vishwanath 
Katti Institute of Dental Sciences, KLE University, Belgaum-590010. 

 
 

 
(Bianchini, 1995; Cleal, 1965; 
1989) this causes the lower lip to touch
the maxillary incisors, which causes lower lip hyper
Swallowing this way may maintain or increase the overjet, and 
even cause over contraction of the Mentalis muscle.
Paul Rogers (Rogers, 1918) was among the first to recommend 
the use of muscles for correction of malocclusion.
describe facial morphology, many authors have studied the 
structure of the facial muscles to determine the pattern of 
interaction of facial skeleton and muscles.
Weijs and Hillen (Weijs and Hillen
muscle thickness of adults, by using computed tomography. 
The method was reliable, but was associated with high 
radiographic exposure. The development of Ultrasonographic 
techniques has found wide spread applications in the field of 
medicine in the recent years. It is an accurate, convenient, easy, 
safe and cost effective method. Hence, the present study was 
taken up to investigate Quantitative measurements of the 
Circumoral muscle thickness in skeletal class II division 1 
cases and comparing it with the class 1 cases.
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There should a balance between the forces of the tongue from within 
the dental arches and compensating action of the lips and cheek musculature. Alterations in function 
of the facial muscle can establish changes in facial skeleton and in the development of malocclusion. 
The role of lips in determining the facial morphology and the tooth position has intrigued dental 
researchers for decades. Thus this prospective study was carried out to ultrasonographically measure 

alocclusion cases and compare with class I subjects.  
Patients reporting to the Department of Orthodontics, for fixed orthodontic treatment 

sion criteria and 30 subjects (15 class 1 
occlusion and 15 class 2 div I malocclusion) were included in the study. Ultrasonographic 
measurements were made for upper and lower lip in relaxed and contracted states; which were divided 
into three regions i.e. right, middle and left in both the groups and the resultant data was subjected to 

f oral musculature of different sites of the lower lip were increased in skeletal 
class II division 1group as compared to skeletal class I group in the contracted state and in relaxed 
state. A more predisposition towards females was observed in skeletal class II division 1group.   
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, 1965; HeliVinkka-Puhakka et al., 
this causes the lower lip to touch the palatal surface of 

incisors, which causes lower lip hyper function. 
Swallowing this way may maintain or increase the overjet, and 

contraction of the Mentalis muscle. Alfred 
was among the first to recommend 

rection of malocclusion. In order to 
describe facial morphology, many authors have studied the 
structure of the facial muscles to determine the pattern of 
interaction of facial skeleton and muscles. It was in 1984, 

Hillen, 1984) studied masticatory 
muscle thickness of adults, by using computed tomography. 
The method was reliable, but was associated with high 
radiographic exposure. The development of Ultrasonographic 
techniques has found wide spread applications in the field of 

dicine in the recent years. It is an accurate, convenient, easy, 
safe and cost effective method. Hence, the present study was 
taken up to investigate Quantitative measurements of the 
Circumoral muscle thickness in skeletal class II division 1 

paring it with the class 1 cases. 
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MATERIALS AND METHODS 
 
Patients reporting to the Department of Orthodontics, for fixed 
orthodontic treatment between 18-25 years were screened for 
inclusion and exclusion criteria and 30 subjects were included 
in the study. The ethical approval was obtained for this study 
from the ethical committee. Sample consisted of 2 groups of 
15 subjects each. GROUP I had Skeletal CLASS I subjects 
with balanced profile with 8 female and 7 male subjects.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GROUP II had Skeletal CLASS II DIVISION 1 
MALOCCLUSION (ANB angle more than 5) with 8 female 
and 7 male subjects. Informed consent was obtained from each 
subject. The study was conducted in the Department Of 
Radiodiagnosis. The phillips ultrasound system with b mode 
was used here which is equipped with high resolution probe 
with frequency ranging from 5MHz to 14MHz. The Upper Lip 
and Lower Lip region of the subjects was divided into three 
parts each, (Right, Middle and Left). (Figure 1) Air tight inert 
gel was applied on the recording site; the transducer was  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Comparison of thickness of oral musculature of different sites between experimental (skeletal class ii division 1) and control group (skeletal 
class i) in contracted state using students’t-test 

 

 Group N Mean Std. Deviation Mean difference t-value P-value 

Contracted lower right Control  15 2.53 0.19 -1.02 -7.805 <0.001** 
 Experimental 15 3.55 0.47 

Contracted lower middle Control  15 2.27 0.26 -1.35 -8.201 <0.001** 
Experimental  15 3.63 0.58 

Contracted lower left Control  15 2.53 0.18 -0.99 -8.478 <0.001** 
Experimental  15 3.53 0.41 

Contracted upper right Experimental 15 2.43 0.19 -0.95 -9.995 <0.001** 
Control 15 3.39 0.32 

Contracted upper middle Experimental 15 2.17 0.23 -1.13 -6.459 <0.001** 
Control 15 3.30 0.64 

Contracted upper left Experimental 15 2.43 0.20 -1.32 -7.163 
 

<0.001** 
Control 15 3.75 0.68 

                       ** denotes statistically significant.  
 

Table 2. Comparison of thickness of oral musculature of different sites between experimental (skeletal class ii division 1) and control group (skeletal 
class i) in relaxed state using students’t-test 

 

 Group N Mean Std. Deviation Mean difference t-value P-value 

Relaxed lower right Control 15 2.19 0.12 -1.11 -11.14 <0.001** 
Experimental 15 3.30 0.37 

Relaxed lower middle Control 15 2.00 0.24 -2.09 -15.88 <0.001** 
Experimental 15 4.09 0.45 

Relaxed lower left Control  15 2.23 0.08 -1.44 -7.09 <0.001** 
Experimental  15 3.67 0.78 

Relaxed upper right Experimental 15 2.13 0.16 -1.17 -7.77 <0.001** 
Control 15 3.30 0.56 

Relaxed upper middle Experimental 15 1.99 0.27 -1.21 -7.22 <0.001** 
Control 15 3.21 0.59 

Relaxed upper left Experimental 15 2.16 0.15 -0.87 -5.240 <0.001** 
Control 15 3.03 0.62 

                         ** denotes statistically significant.  
 

Table 3. Comparison of thickness of oral musculature of different sites between male and females in contracted state in control group (skeletal class i) 
using students’t-test 

 

 Gender N Mean Std. Deviation Mean difference t-value P-value 

Contracted upper right Female 8 2.450 0.207 -0.164 -1.791 0.097 
Male 7 2.614 0.135 

Contracted upper middle Female 8 2.325 0.333 0.111 0.811 0.432 
Male 7 2.214 0.146 

Contracted upper left Female 8 2.463 0.226 -0.152 -1.699 0.113 
Male 7 2.614 0.069 

Contracted lower right Female 8 2.313 0.181 -0.259 -3.517 0.004* 
Male 7 2.571 0.076 

Contracted lower middle Female 8 2.150 0.307 -0.050 -0.416 0.684 
Male 7 2.200 0.082 

Contracted lower left Female 8 2.313 0.181 -0.259 -3.174 0.007* 
Male 7 2.571 0.125 

                           * denotes statistically significant.  
 

Table 4. Comparison of thickness of oral musculature of different sites between male and females in relaxed state in control group (skeletal class i) 
using students’t-test 

  

 Gender N Mean Std. Deviation Mean difference t-value P-value 

Relaxed upper right Female 8 2.150 0.107 -0.079 -1.311 0.212 
Male 7 2.229 0.125 

Relaxed upper middle Female 8 2.050 0.316 0.107 0.847 0.412 
Male 7 1.943 0.113 

Relaxed upper left Female 8 2.213 0.099 -0.030 -0.722 0.483 
Male 7 2.243 0.053 

Relaxed lower right Female 8 2.175 0.198 0.089 1.093 0.294 
Male 7 2.086 0.090 

Relaxed lower middle Female 8 2.075 0.354 0.175 1.275 0.225 
Male 7 1.900 0.082 

Relaxed lower left Female 8 2.200 0.177 0.086 1.112 0.286 
Male 7 2.114 0.107 

                                  * denotes statistically significant.  
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placed and the upper and lower lips were imaged at the 
vermillion border in the midline, and then midway between 
the midline and the angle of the mouth on each side. The lower 
lip was imaged 0.5 cm down from the vermillion border in the 
midline in order to record the Mentalis muscle. All the scans 
were made by the single operator. The measurements were 
recorded immediately, both in the relaxed and contracted 
states of the upper and lower lips in both the groups. Muscle 
thickness was recorded in centimeters (cm) a
millimetre scale (mm). The data gathered was stored and 
analyzed using the SPSS V. 15 statistical analysis program.
 

DISCUSSION  
 
The role of the lips in determining tooth position is complex 
and not well understood.  
 

 

Figure 1. Division of upper and lower lip into right(r);middle (m); 
and left (l) region 

Table 5. Comparison of thickness of oral musculature of different sites between male and females in contracted state in experimental (

 

 

Contracted upper right 

Contracted upper middle 

Contracted upper left 

Contracted lower right 

Contracted lower middle 

Contracted lower left 

                                   * denotes statistically significant. 
 

Table 6. Comparison of thickness of oral musculature of different sites between male and females in relaxed state in experimental (ske

  
 

Relaxed upper right 

Relaxed upper middle 

Relaxed upper left 

Relaxed lower right 

Relaxed lower middle 

Relaxed lower left 

                             *denotes statistically significant.  
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and the upper and lower lips were imaged at the 
vermillion border in the midline, and then midway between 
the midline and the angle of the mouth on each side. The lower 
lip was imaged 0.5 cm down from the vermillion border in the 

d the Mentalis muscle. All the scans 
were made by the single operator. The measurements were 
recorded immediately, both in the relaxed and contracted 
states of the upper and lower lips in both the groups. Muscle 
thickness was recorded in centimeters (cm) and converted to 

The data gathered was stored and 
analyzed using the SPSS V. 15 statistical analysis program. 

The role of the lips in determining tooth position is complex 

 

Division of upper and lower lip into right(r);middle (m); 

 

Figure 2. Schematic representation of layers of upper lip as seen in 
ultrasound image; from buccal

transducer probe (tr), connective tissue (ct), muscle tissue layer 
(mt), connective tissue layer (ct) and teeth (t)

 

Figure 3. Schematic representation of layers of lower lip as seen in 
ultrasound image; from buccal

transducer probe (tr), connective tissue (ct), muscle tissue layer 
(mt), and teeth (t)

Comparison of thickness of oral musculature of different sites between male and females in contracted state in experimental (
division 1) group using students’t-test 

Gender N Mean Std. Deviation Mean difference 

Female 8 3.650 0.550 0.221 
Male 7 3.429 0.359 

Female 8 3.913 0.681 0.613 
Male 7 3.300 0.141 

Female 8 3.525 0.573 -0.004 
Male 7 3.529 0.138 

Female 8 3.550 0.312 0.350 
Male 7 3.200 0.208 

Female 8 3.613 0.692 0.670 
Male 7 2.943 0.331 

Female 8 4.088 0.755 0.716 
Male 7 3.371 0.330 

* denotes statistically significant.  

Comparison of thickness of oral musculature of different sites between male and females in relaxed state in experimental (ske
division 1) group using students’t-test 

Gender N Mean Std. Deviation Mean difference 

Female 8 3.400 0.478 0.214 
Male 7 3.186 0.146 

Female 8 4.113 0.610 0.041 
Male 7 4.071 0.189 

Female 8 3.988 0.876 0.688 
Male 7 3.300 0.490 

Female 8 3.513 0.712 0.455 
Male 7 3.057 0.098 

Female 8 3.088 0.567 -0.255 
Male 7 3.343 0.632 

Female 8 3.125 0.778 0.211 
Male 7 2.914 0.414 
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Schematic representation of layers of upper lip as seen in 
from buccal to lingual are thickness of 

transducer probe (tr), connective tissue (ct), muscle tissue layer 
(mt), connective tissue layer (ct) and teeth (t) 

 

 

Schematic representation of layers of lower lip as seen in 
from buccal to lingual are thickness of 

transducer probe (tr), connective tissue (ct), muscle tissue layer 
(mt), and teeth (t) 

Comparison of thickness of oral musculature of different sites between male and females in contracted state in experimental (skeletal class ii 

t-value P-value 

0.907 0.381 

2.325 0.037* 

-0.016 0.987 

2.515 0.026* 

2.331 0.037* 

2.315 0.038* 

Comparison of thickness of oral musculature of different sites between male and females in relaxed state in experimental (skeletal class ii 

 t-value P-value 

1.135 0.277 

0.170 0.867 

1.836 0.089 

1.671 0.119 

-0.825 0.424 

0.640 0.533 

, 2017 



The main function of the lips, i.e., oral competence, is 
controlled by the Orbicularis Oris muscle, which is a 
concentric, sphincter-like muscle around the mouth that closes, 
withdraws, and protrudes the lips and Mentalis muscle which 
plays a key role in maintaining anterior oral seal.8According to 
equilibrium theory it is the muscle tissue layer both in terms of 
thickness and activity which is responsible for influencing the 
form and position of dental arches. (Surinder Singh, 2009; 
Tais de Souza Barbosa et al., 2012) So, only the muscle tissue 
layer (MT) thickness (Figure 2 and 3) is measured in both 
upper lip and lower lip in relaxed and contracted states in both 
the groups prior to the orthodontic treatment. 
 
In contraction state; thickness of upper lip muscle tissue 
increases evenly from left region to right region and the 
thickness of lower lip muscle tissue is found to be more thick at 
right region and left region in lower fascicle of Orbicularis Oris 
muscle and less in middle portion as compared to lateral sites 
and is even more for Mentalis muscle. These findings are in 
accordance with the results obtained by Vinkka 
andPuhakka5who have clearly stated the reasons that uniform 
contraction of Orbicularis Oris muscle in upper lip and 
contraction of only lateral parts of Orbicularis Oris muscle in 
lower lip along with active contraction of Mentalis muscle in 
lower lip. In experimental group, increase in lower lip muscle 
tissue thickness in all three regions was observed in contracted 
state and in relaxed state (Table 1) which is in contradiction to 
the study done by Prabhu and Munshi (1995) wherein a 
statistical insignificant results were observed. In control group, 
increase in muscle thickness was observed in upper lip in all 
three regions. (Table 2) Whereas in the study done by Prabhu 
and Munshi10a statistical significant difference in muscle 
thickness was found only in left region of upper lip. Class II 
division 1 malocclusion subjects generally present with lesser 
electromyographic activity of the upper portion of the 
Orbicularis Oris muscle during mastication and swallowing due 
to reduction in adequate dental contacts in the anterior region 
causing hypotonicity of the upper lip and hyperactivity of the 
lower portion of the Orbicularis Oris muscle even at rest 
(Ahlgren et al., 1973; Vania Celia Vieira de Siqueira et al., 
2011) Simpson (1976) recorded increased EMG activity in both 
muscle groups, It was concluded that the upper lip played a 
passive role in these patients, and maintenance of anterior oral 
seal was dependent on the Mentalis muscle pushing the lower 
lip up and forward, while the tongue was brought forward by 
the suprahyoid group of muscles. This agrees with the findings 
of Marx (1965) who found greater Mentalis muscle activity in 
class 2 division I subjects. Oliver (1982) found that patients 
with thin lips or a high lip strain displayed a significant 
correlation between incisor and lip retraction, which was not 
observed in patients with thick lips or low lip strain. Due to 
technical constraint, Emg activity was not recorded in the 
present study and correlation was done with previous available 
data.  
 
Few literatures have observed gender dimorphism of 
Circumoral muscle thickness. Therefore an attempt was made 
in the present study to observe such changes. In control group, 
in the contracted state an Increase in Circumoral muscle 
thickness was noted in lower lip right and left region in males 
(Table 3). In experimental group, in the contracted state, 
increase in thickness was seen in upper lip middle region in 
females. Increase in lower lip muscle tissue thickness was seen 
in all the three regions in females in class 2 division I 
malocclusion group (Table 5). Thus in present study a 

predisposition toward females subjects is seen in class II 
division I malocclusion group in contracted state. These 
findings can be clinically correlated with observations made 
by Simpson and Marx which states increased lower lip activity 
in class II division I malocclusion. However, in the present 
study lip muscle tissue thickness was observed and could not 
be correlated with tissue activity which influences the incisor 
position and angulation. The effects of lip strength, lip tonicity 
were not taken into consideration as these parameters can 
influence the lip morphology. Further comparative studies with 
larger samples and additional skeletal classifications (Class II 
Division 2 or Class III) should be conducted and analysis on 
the changes of perioral soft tissue measurements after 
orthodontic treatment should be considered as well. 
 
Conclusion 
 
Increase in lip thickness could possibly cause greater muscular 
activity, but not necessarily influencing the position of teeth or 
inclination of incisors. Persistence of the pattern of Circumoral 
muscle dysfunction after orthodontic treatment may cause 
relapse. Removal of the etiological factor and treating the 
underlying cause of malocclusion is more important rather than 
just treating the dentoalveolar component. It will account for 
long term retention and stability and prevent relapse. Clinician 
can start the lip seal therapy and oral screen exercises as early 
as possible to restore the normal function and aid in the normal 
dentofacial development.  
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Original Article

IntroductIon

Root canal treatment (RCT) is accomplished by chemomechanical 
preparation, intracanal disinfection, and three-dimensional 
obturation, which is essential to avoid reinfection of root canal 
space.[1] Thus, root filling plays an important role in the control 
of reinfection by entombing the residual organisms through 
antimicrobial activity of endodontic sealers.[2]

Ideal requirements of sealers according to Grossman are 
biocompatibility, excellent seal, adequate adhesion, and 
antimicrobial property.[3] Several endodontic sealers have 
also been found to have antibacterial properties, depending 
on their chemical contents.[4,5] Antibacterial properties may be 
advantageous in clinical situations of persistent or recurrent 
infection.[6,7] Facultative anaerobic microorganisms may 

interact with strict anaerobes, causing changes in nutritional 
relationship, shifts in redox potential, and oxygen tension 
which determine the microbial–survival relationship.[8]

Enterococcus faecalis is a Gram-positive, Group D streptococci. 
It constitutes only a small proportion of the initial flora in 
untreated canals,[9] but this genus is most commonly recovered 
from root canals with failed root treatment.[10,11] Ability of these 
organisms to cause periapical disease and chronic failure of 
an endodontically treated tooth is due to its ability to bind 
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to collagen of dentinal tubule and remain viable within the 
tubule.[12]

Enterococci possess a number of virulence factors that permit 
adherence to host cells and extracellular matrix, facilitate tissue 
invasion, effect immunomodulation, and cause toxin-mediated 
damage.[13] These microorganisms have the ability to utilize 
opportunities created by removal of other microbes and also to 
grow in a low-nutrient environment, surviving in root canals 
as a monoinfection.[14]

E. faecalis is a recalcitrant candidate among causative agents of 
failed endodontic treatment. According to Sundqvist et al., 38% 
of failed root canal systems were contaminated with E. faecalis.
[15] Therefore, it might be advantageous if the sealer exerts some 
antimicrobial activity as the last element in treatment regimen.[16]

With the introduction of direct contact test (DCT) by Weiss 
et al., antibacterial activity of endodontic sealers is been tested 
based on measuring the effect of close contact between test 
bacteria and tested material.[17,18]

• DCT has been used to evaluate in vitro antibacterial 
activities of numerous endodontic sealers

• Zinc oxide eugenol (ZOE)-based sealers have shown to 
possess persistent antimicrobial activity [Figure 1][19]

• Calcium hydroxide-based sealers have pH-dependent 
action which as per studies decreases with time [Figure 2][20]

• Resin-based sealers (AH Plus) have been found to 
have antimicrobial properties[20] but of short duration 
only [Figure 3]

• Silicone-based sealers (Roekoseal) have recently been 
introduced in dental community, and sufficient data are 
not available with regard to its antibacterial properties 
[Figure 4].[8]

Thus, the objective of this study was to analyze in vitro 
antibacterial properties of four root canal sealers against 
E. faecalis at 1 h, 1st, 3rd, 5th, and 7th day duration.

MaterIals and Methods

This in vitro study was conducted at the Department of 
Conservative Dentistry and Endodontics, KLE V. K. Institute 
of Dental Sciences, Belgaum, and Department of Microbiology, 
Jawaharlal Nehru Medical College, Belgaum, Karnataka, India.

Source of data
E. faecalis was obtained from the Department of Microbiology, 
Jawaharlal Nehru Medical College, Belgaum, Karnataka, 
India.

Method of collection of data
Data were collected by recording optical density (OD) and 
measurement of turbidity, with the help of a spectrophotometer.

Study materials
Four commercially available root canal sealers were used in 
this study:
1. ZOE-based sealer

2. Ca(OH)2-based sealer - Sealapex
3. Resin-based sealer - AH Plus
4. Silicon-based sealer - Roekoseal.

Sealers were prepared in strict compliance with manufacturer’s 
recommendation.

Figure 1: Resin‑based sealer (AH Plus).

Figure 2: Calcium hydroxide‑based sealer.

Figure 3: Silicone‑based sealer (Roekoseal).
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The whole experiment was carried out under aseptic 
conditions and was repeated three times to ensure 
reproducibility.

Test microorganism and growth conditions
E. faecalis was obtained from the Department of Microbiology, 
Jawaharlal Nehru Medical College, Belgaum, Karnataka, 
India. Bacteria were grown aerobically from frozen stock 
cultures in brain–heart infusion (BHI) broth at 37°C. Inoculum 
was prepared by resuspension of washed cells to predetermined 
optical densities which relate to known concentrations. 
Suspension was adjusted spectrophotometrically at 800 nm 
to match transmittance of 90T (equivalent to 0.5 McFarland 
scale = 1.5 × 108 CFU).

Direct contact test
DCT is based on turbidimetric determination of bacterial 
growth in 96-well microtiter plates [Figure 5]. Kinetics of 
outgrowth in each well was monitored at 630 nm at 37°C 
and recorded using a spectrophotometer (ELISA reader: Stat 
Fax 2100; Awareness Technology).
• Of the 96 wells of microtiter plate, two sets of four wells 

were utilized per sealer, namely “Subgroup 1” wells (with 
the sealer; four wells) and “Subgroup 2” wells (without 
the sealer; four wells)

• Subgroup 1 wells were held vertically, i.e., plate’s surface 
was maintained perpendicular to the floor plane and side 
wall was coated with freshly mixed tested material

• Even and thin coating was achieved using a cavity liner 
applicator

• Special care was taken to avoid material’s flow to bottom 
of the well, which would interfere with the path of light 
through microplate well and result in false readings.

Approximately 20 min later that corresponded to the 
recommended setting time of sealers, 10 μL bacterial 
suspension (108 CFU) was placed on the test material.

The plate was held in the vertical position and wells were 
inspected for evaporation of suspension’s liquid, which 
occurred within 1 h at 37°C. This ensured direct contact 
between bacteria and tested material. BHI broth (245 μL) 
[Figure 6] was added to each of these wells and gently mixed 
for 2 min.

Nearly 15 μL of broth was then transferred from Subgroup 1 
wells to an adjacent set of “Subgroup 2” wells that already 
contained fresh BHI medium (215 μL). This resulted in two 
sets of four wells for each tested material containing an equal 
volume of liquid medium so that bacterial outgrowth could be 
monitored both in the presence and in the absence of tested 
material. Plate was placed for incubation at 37°C and thereafter 
placed in microplate reader wherein OD in each well was 
measured at 630 nm. Readings were taken at regular intervals, 
i.e., after 1 h (fresh specimen), then on 1st, 3rd, 5th, and 7th day.

Data were collected by recording OD, considering the fact that 
as bacterial population increases, absorbance reading, i.e., OD 
given by spectrophotometer increases. Data were recorded, and 
then plotted and statistically analyzed using two-way - analysis 
of variance and Newman–Keuls post hoc procedure.

Figure 4: Zinc oxide eugenol sealer.

Figure 5:  96‑well microtiter plate (Hi Media).

Figure 6: Brain heart infusion agar (Hi Media).
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7th day test period. Intragroup comparison showed greatest 
antibacterial effect at 1 h, followed by a decrease in the 
effectiveness at 1st, 3rd, 5th, and 7th days.

On intergroup comparison, Group 2 (Sealapex) showed least 
inhibition of bacteria at 1 h interval among the other groups 
and decreased further on the 1st day, followed by a constant 
decrease in efficacy at 3rd, 5th, and 7th days.

Intragroup comparison depicted that freshly mixed sample had 
more efficacy than samples at 1st, 3rd, 5th, and 7th days.

Graph 2: Pairwise comparison of groups and subgroups at 1st day by 
Newman–Keuls multiple post hoc procedures which shows significant 
difference in optical density values between Group 1 subgroup 1 ‑ Group 1 
subgroup 2, Group 1 subgroup 1 ‑ Group 2 subgroup 1, Group 1 
subgroup 1 ‑ Group 2 subgroup 2, Group 1 subgroup 1 ‑ Group 3 subgroup 1, 
Group 1 subgroup 1 ‑ Group 3 subgroup 2, Group 1 subgroup 1 ‑ Group 4 
subgroup 2, Group 1 subgroup 2 ‑ Group 2 subgroup 1, Group 2 
subgroup 1 ‑ Group 2 subgroup 2, Group 2 subgroup 1 ‑ Group 3 subgroup 1, 
Group 2 subgroup 1 ‑ Group 3 subgroup 2, Group 2 subgroup 1 ‑ Group 4 
subgroup 1, Group 2 subgroup 2 ‑ Group 4 subgroup 1, Group 3 
subgroup 1 ‑ Group 4 subgroup 1, Group 3 subgroup 2 ‑ Group 4 subgroup 1, 
and Group 4 subgroup 1 ‑ Group 4 subgroup 2.

results

• Group 1: AH Plus which was further divided into 
subgroup 1 and subgroup 2

• Group 2: Sealapex which was further divided into 
subgroup 1 and subgroup 2

• Group 3: Roekoseal which was further divided into 
subgroup 1 and subgroup 2

• Group 4: ZOE which was further divided into subgroup 1 
and subgroup 2  [Graphs 1-5].

On intergroup comparison, Group 1 (AH Plus) showed greatest 
inhibition of bacterial growth among different sealers at 1 h 
interval followed by decrease in inhibition on the 5th and 

Graph 1: Pairwise comparison of groups and subgroups at 1 h by 
Newman–Keuls multiple post hoc procedures which shows significant 
difference in antimicrobial activity between Group 1 subgroup 1 ‑ Group 2 
subgroup 1, Group 1 subgroup 2 ‑ Group 2 subgroup 1, Group 2 
subgroup 1 ‑ Group 2 subgroup 2, Group 2 subgroup 1 ‑ Group 3 subgroup 1, 
Group 2 subgroup 1 ‑ Group 3 subgroup 2, Group 2 subgroup 1 ‑ Group 4 
subgroup 1, and Group 2 subgroup 1 ‑ Group 4 subgroup 2.

Graph 3: Pairwise comparison of groups and subgroups at 3rd day 
by Newman–Keuls multiple post hoc procedures showing significant 
differences between Group 1 subgroup 1 ‑ Group 1 subgroup 2, Group 1 
subgroup 1 ‑ Group 2 subgroup 1, Group 1 subgroup 1 ‑ Group 2 
subgroup 2, Group 1 subgroup 1 ‑ Group 3 subgroup 2, Group 1 
subgroup 1 ‑ Group 4 subgroup 2, Group 1 subgroup 2 ‑ Group 2 
subgroup 1, Group 1 subgroup 2 ‑ Group 4 subgroup 2, Group 2 
subgroup 1 ‑ Group 2 subgroup 2, Group 2 subgroup 1 ‑ Group 3 
subgroup 1, Group 2 subgroup 1 ‑ Group 3 subgroup 2, Group 2 
subgroup 1 ‑ Group 4 subgroup 1, Group 2 subgroup 1 ‑ Group 4 
subgroup 2, Group 2 subgroup 2 ‑ Group 4 subgroup 1, Group 3 
subgroup 1 ‑ Group 4 subgroup 1, Group 3 subgroup 2 ‑ Group 4 
subgroup 1, and Group 4 subgroup 1 ‑ Group 4 subgroup 2.

Graph 4: Pairwise comparison of groups and subgroups at 5th day 
by Newman–Keuls multiple post hoc procedures showing significant 
differences between Group 1 subgroup 1 ‑ Group 1 subgroup 2, Group 1 
subgroup 1 ‑ Group 2 subgroup 1, Group 1 subgroup 1 ‑ Group 2 
subgroup 2, Group 1 subgroup 1 ‑ Group 3 subgroup 1, Group 1 
subgroup 1 ‑ Group 3 subgroup 2, Group 1 subgroup 1 ‑ Group 4 
subgroup 2, Group 1 subgroup 2 ‑ Group 2 subgroup 1, Group 1 
subgroup 2 ‑ Group 4 subgroup 1, Group 2 subgroup 1 ‑ Group 2 
subgroup 2, Group 2 subgroup 1 ‑ Group 4 subgroup 1, Group 2 
subgroup 2 ‑ Group 4 subgroup 1, Group 3 subgroup 1 ‑ Group 4 
subgroup 1, Group 3 subgroup 2 ‑ Group 4 subgroup 1, and Group 4 
subgroup 1 ‑ Group 2 subgroup 2.
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In intergroup comparison GROUP 3 (Roekoseal) showed 
similar antibacterial effects to AH Plus and ZOE but greater 
than Sealapex followed by a constant decrease in antibacterial 
efficacy at 1st, 3rd, 5th and 7th day.

On intergroup comparison, Group 4 (ZOE) showed a potent 
antibacterial effect at 1 h duration similar to Roekoseal and 
AH Plus and a significant difference compared to Sealapex. 
At 1st day, it showed greatest antibacterial effect among 
the other groups which remained constant throughout the 
study period.

dIscussIon

Elimination of microorganisms from root canal has always 
been an important part of endodontic therapy. Bystrom 
et al. and Sjögren et al. stated that, if these microorganisms 
persist in the root canal at the time of root filling or if they 
penetrate into canal after filling, there is a higher risk of 
treatment failure.[21,22] E. faecalis, most frequently recovered 
microorganism from refractory periapical periodontitis,[23] 
has been used in numerous studies of antibacterial properties 
of disinfecting agents because of its resistance to some 
medicaments and its ability to survive conventional root canal 
therapy.[8,16] DCT has many advantages over agar diffusion test 
and has been studied previously by Weiss et al. and Fuss et al.
[17,18] It is a quantitative assay which allows water-insoluble 
materials to be tested.

Results of this study were in line with previous studies with 
freshly mixed specimen showing greater antimicrobial efficacy 
followed by lesser but consistent efficacy over 1st, 3rd, 5th, and 
7th day duration. Consistent antimicrobial efficacy over 1st, 
3rd, 5th, and 7th day duration can be explained by the fact that 
even after the material sets, surface hydrolysis of the chelate 

(zinc eugenolate) results in release of eugenol, thus explaining 
effective antibacterial activity of this substance even after 72 h. 
This is in accordance with the previous studies which have 
shown that ZOE-based sealers possess a strong and persistent 
antimicrobial activity.[7,8,16]

Calcium hydroxide-based sealer (Sealapex) showed the 
least inhibition of bacteria at 1 h interval among the 
other groups that decreased further on 1st day, followed 
by a constant decrease in efficacy at 3rd, 5th, and 7th days. 
However, intragroup comparison depicted that freshly mixed 
samples showed antibacterial effect. Antibacterial action 
of Sealapex might be associated with its ionization, which 
releases hydroxyl ions that increases pH to above 12.5, 
thus rendering the environment unfavorable for growth of 
microorganisms.[23]

Initial rise in pH might explain the antibacterial efficacy of 
freshly mixed samples. However, samples at 1st, 3rd, 5th, and 
7th days showed a decrease in antibacterial activity. These 
results are in contradiction with the other studies stating 
that antimicrobial effect of calcium hydroxide-based sealers 
increases with time.[1,17,18] Under the test conditions, lesser 
antibacterial components may have been released from the 
sealer to affect bacteria by the time.[19] To render antibacterial 
effect, E. faecalis should maintain a pH level >12.5.[24] As 
the calcium hydroxide sealer sets, the pH declines to about 
9.14, resulting in loss of the sealer’s effectiveness.[7,24] 
Zhang et al.[1] found that the pH of Sealapex over the 1st, 3rd, 
and 7th day duration does not rise above 10.5, thus indicating 
reduced efficacy of the sealer. Furthermore, low solubility of 
calcium hydroxide and pH neutralizing the effect of culture 
media make it difficult for the sealer to reach the critical pH 
which might also be a factor for the decreased antimicrobial 
effect.[6]

Roekoseal showed similar antibacterial effects to AH Plus and 
ZOE in freshly mixed samples but greater effect than Sealapex 
followed by a constant decrease in the antibacterial efficacy 
at 1st, 3rd, 5th, and 7th days among different groups. Intragroup 
comparisons revealed a decrease in antibacterial efficacy at 1st, 
3rd, 5th, and 7th days. These results are only in partial accordance 
with the findings of Cobankara et al.[8] Observations by Saleh 
et al.[7] stated a limited ability of Roekoseal automix to kill 
E. faecalis. Slutzky-Goldberg et al.[20] noted no bacterial 
growth inhibition by Roekoseal.

AH Plus (epoxy resin-based sealer) showed that only fresh 
AH Plus samples possessed antibacterial activity, whereas 
24-h and 7-day-old samples did not show antibacterial 
effect against E. faecalis. Similar results were reported 
by Kayaoglu et al.[16] and Slutzky-Goldberg et al.[20] 
Antibacterial effect of epoxy resin-based sealers might 
be related either to bisphenol-A diglycidyl ether, which 
was previously identified as a mutagenic component, or 
to the release of formaldehyde during the polymerization 
process.[20] The present study also showed that fresh AH Plus 

Graph 5: Pairwise comparison of groups and subgroups at 7th day 
by Newman–Keuls multiple post hoc procedures showing significant 
differences between Group 1 subgroup 1 ‑ Group 1 subgroup 2, Group 1 
subgroup 1 ‑ Group 2 subgroup 1, Group 1 subgroup 1 ‑ Group 2 subgroup 2, 
Group 1 subgroup 1 ‑ Group 3 subgroup 1, Group 1 subgroup 1 ‑ Group 3 
subgroup 2, Group 1 subgroup 1 ‑ Group 4 subgroup 2, Group 1 
subgroup 2 ‑ Group 4 subgroup 1, Group 2 subgroup 1 ‑ Group 2 subgroup 2, 
Group 2 subgroup 1 ‑ Group 4 subgroup 1, Group 2 subgroup 1 ‑ Group 4 
subgroup 2, Group 2 subgroup 2 ‑ Group 4 subgroup 1, Group 3 
subgroup 1 ‑ Group 4 subgroup 1, Group 3 subgroup 2 ‑ Group 4 subgroup 1, 
and Group 4 subgroup 1 ‑ Group 4 subgroup 2.
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had significant antibacterial effect, whereas set samples did 
not show antibacterial activity.

Overall, ZOE-based sealers proved to be effective against 
the microorganisms at the time intervals studied. In the 
present study, eventually, all the sealers except ZOE lost their 
antibacterial effect in relation to their constituents.

The present study tested the antibacterial activity of four 
sealers against microorganisms considered to be resistant to 
endodontic treatment. Therefore, it means that, if a sealer is 
effective against microorganisms, it will probably be effective 
against the more susceptible ones.[25] None of the sealers 
tested totally inhibited the microbial growth, and antibacterial 
activity of each sealer decreased with time and depended on the 
microbial susceptibility to them. Thus, endodontic treatment 
must be carried out under aseptic conditions, using a powerful 
irrigant solution, an intracanal medicament when necessary, 
a sealer with antimicrobial activity, and an effective coronal 
seal to prevent coronal microleakage to increase the chances 
of successful RCT.[25]

The present in vitro study evaluated the antibacterial activity of 
four endodontic sealers on E. faecalis by DCT. In addition to 
antimicrobial activity, other properties such as biocompatibility, 
stability, and sealability must also be considered when selecting 
a root canal sealer.[16]

conclusIons

The following conclusions were drawn from the present study:

Sealers had different inhibitory effects on E. faecalis during 
the incubation period as follows:
• Group 1 (AH Plus) showed that only freshly mixed 

samples had significant antibacterial effect, whereas set 
samples did not show any antibacterial activity

• Group 2 (Sealapex) showed least inhibition of bacteria at 
1 h interval among the other groups followed by a decrease 
till the 7th day

• Group 3 (Roekoseal) showed antibacterial activity only 
in freshly mixed samples with a decrease in activity over 
the 1st, 3rd, 5th, and 7th day duration

• Group 4 (ZOE) possessed strong and consistent 
antibacterial activity over the time intervals studied

• Antibacterial activity of tested endodontic sealers on 
E. faecalis in an ascending order is as follows: Sealapex, 
Roekoseal, AH Plus, and ZOE sealer

• Based on the results of this in vitro study, it was concluded 
that technique, time, or ingredients of the tested materials 
affect the results of microbiological studies. Therefore, it 
is proposed that more than one assaying method should be 
used in the process of evaluating antibacterial properties 
of dental materials.[8] Further, more studies and research 
activities are needed to confirm the findings to assure the 
effectiveness of sealers in the outcome of endodontic 
therapy.
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ABSTRACT 

Background:  

Dermatofibrosarcoma Protuberans (DFSP) is a rare low grade soft tissue tumor 

with high recurrence rates. DFSP represents 1% of all soft tissue tumors. 

Recurrent DFSP requiring an entire abdominal wall reconstruction poses a 

challenge to the reconstructive surgeon. 

Case Report 

Here we report a large recurrent anterior abdominal wall DFSP in a teenage 

girl involving the anterior rectus sheath and the deep fascia of the abdominal 

wall (20 x 17 x 9 cm) posing difficult reconstructive challenge. The 

reconstruction was done by B/l tensor fascia lata flap and extended right groin 

flap. 

Discussion: 

A large composite anterior abdominal wall defects are usually reconstructed 

by free flaps, but the more common local flaps can also be equally effective. 

Conclusion: 

Complete surgical excision for DFSP of the abdominal wall, which result in 

defects of entire abdominal wall can be reconstructed with simpler local 

pedicled flaps. 

Keywords: Magneto encephalography (MEG), glucocorticoid, hippocampal 

formation & grid electrodes. 
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Introduction: 
 Dermatofibrosarcoma Protuberans(DFSP) a 

low grade soft tissue tumor of fibroblast 

origin, it is a locally aggressive tumor with 

high recurrence rates1.DFSP annual incidence 

of 0.8 to 4.5 per million worldwide. It 

accounts for less than 5% of soft tissue tumors 

and 0.1% of malignancies2, 3. 

 

DFSP most commonly affects trunk and 

proximal extrimities4, it is more common in 

men than in women in the third decade but 

rarely occurs in childhood5. Darrier and 

Fernand were the first to recognize DFSP as a 

clinicopathological entity and Hoffman was 

the first to introduced the term "DFSP"6,7. 

Case Report 
A 17yr old female presented with history 

of recurrent swelling of anterior 

abdominal wall which was previously 

excised twice previously; reports not 

available. On clinical examination 

multiple lobulated lesions noted in the 

anterior abdominal wall, three of which 

were of significant size largest measuring 

20 X 17 X 9 cms, with ulceration of the 

overlying skin. Multiple small swelling 

noted extending from umbilical region to 

suprapubic and to bilateral anterior 

superior iliac spines. The swellings were 

freely mobile over deep fascia. No 

lymphadenopathy noted. [Fig – 1] 

 

 
 

 

 

Figure 1: pre-operative 

On MRI intensely enhancing well defined 

lobulated mass lesions along the 

subcutaneous plane of anterior abdominal 

wall was noted. Trucut biopsy revealed 

features suggestive of DFSP. 

Considering the size of the swelling, young 

age  and the expected defect; plan was 

made to harvest bilateral tensor fascia lata 

(TFL) flap and right groin flap, as the size of 

the expected defect would be 30 X 20cms 

delay of the left TFL (17X25cms) and right 

groin(15X12cms) flaps were done.[fig – 2,3] 

 

Figure 2: Delay done for right groin flap 

   DOI: 10.5455/ijhrs.0000000113 
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Figure 1: Delay done for left TFL flap 

 

 

One week later patient was taken up for 

definitive surgery where the deep fascia 

showed signs of involvement hence the 

entire anterior abdominal wall up till the 

muscular layer was resected [fig – 4]. 

Bilateral groin flaps measuring 17 X 25 

cms left and 12 X 20cms on the right 

were raised along with the right groin 

flap measuring 15 X 12 cms to cover the 

defect. [Fig – 5, 6, 7] 

 

 
Figure 2: Intraoperative view after resection.  

 
Figure 3: Intraoperative view post flap inset 
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Figure 4: Intraoperative view post flap inset) [ 

 

 

Figure 5: Intraoperative view post flap inset) 

Histopathology revealed neoplastic 

lesion in dermal and subdermal 

layers having spindle to round cells 

having large pleomorphic spindled to 

round nucleus, and cells arranged in 

fascicles and whorls. The finding 

consistent with DFSP. Patient had 

epidermal necrosis of the tip of left 

TFL flap which was graft with STSG 

and 6months post op patient had 

complete healing of all the wounds 

without any recurrences or break 

down of wounds [Fig 8]. 

 

Figure 6: 6 months post-operative.  

Discussion: 
 Abdominal wall sarcomas are rare 

entity and are difficult to treat due to 

the need of varied reconstructive 

measures after wide local resection. 

2 to 3cms wide negative margins are 

thought to be adequate for resection; 

failure to achieve negative margin 

leads to recurrence rates as high as 

60%8. 

 

DFSP are usually small < 5 cms but 

Bowne et al. reported 3% with large 

tumors (≥ 10 cm).9 in our case we 

are reporting a large DFSP involving 

umbilical, paraumbilical, iliac and 

https://www.ejmanager.com/mnstemps/20/img/20-1485521778-6.jpg
https://www.ejmanager.com/mnstemps/20/img/20-1485521778-7.jpg
https://www.ejmanager.com/mnstemps/20/img/20-1485521778-8.jpg
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suprapubic regions measuring 20 x 

17 x 9cms. Various methods have 

been described for abdominal wall 

reconstruction including skin grafts, 

abdominoplasty technique10, ALT 

free flap11, mesh reconstruction, etc. 

Here we have reconstructed 

unusually large abdominal wall 

DFSP with extended ALT and groin 

flaps, proving that well known and 

long practiced principles of plastic 

surgery can be applied to solve most 

complex of problems in easy and 

efficient way; even in times where 

microsurgical techniques 

predominate. 
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ABSTRACT 

  

Objective: To equate the effectiveness of vacuum-assisted closure therapy (VACT) with conventional 

povidone iodine dressing (CTPID) in the management of diabetic foot ulcer (DFU). 

Methods: It was a 14-day study in which a total of 60 patients were divided into two equal groups (n 

= 30) using computer-generated random numbers. Group A and group B received VACT and CTPID 

treatment for DFU, respectively. A sub atmospheric pressure of 100–125 mmHg was applied to the 

wound in VACT group and povidone iodine-soaked gauze was used for dressing in CTPID group. 

The wounds were assessed on day 0, 5 and 14 of the treatment for the mean area of ulcer. Culture 

sensitivity test for bacterial growth was performed on day 0 and 14 to determine the infection status 

by disc diffusion method. 

Result: At the end of the study (day 14),mean surface area of the ulcer treated with VACT and 

CTPID was reduced from 11.21cm2 to 8.6cm2 and 12.24cm2 to 11.30 cm2, respectively (p = 0.029). 

Two patients of group A and eight patients of group B showed positive growth for gram-positive 

cocci such as Staphylococcus aureus, and gram-negative organisms such as E.coli, Proteus, 

Klebsiella, Pseudomonas and Enterococcus on day 14 of repeat culture (p = 0.038). 

Interpretation: VACT was found to be more effective in treating DFU with respect to healing rate 

and time when compared to the conventional povidone iodine dressing. 

 

Keywords: Vacuum-assisted closure therapy; povidone iodine; diabetic foot ulcer 

 

INTRODUCTION 

Insulin controls the blood glucose 

levels; any defect in its secretion or action 

or both causes diabetes mellitus (DM). 

Deficiency in insulin production results in 

chronic hyperglycemia, which in turn causes 

disproportion in fat, carbohydrate, and 

protein metabolism. 
[1]

 DM is a chronic 

metabolic condition. It is divided into two 

primary types-type 1 and type 2. It has been 

predicted that the number of adults suffering 

from DM will reach approximately 300 

million by 2025. 
[2]

 

Foot ulcers are one of the main 

complications of DM. It is a contributing 

reason for diabetic patients to be 

hospitalized in India. Diabetic foot ulcer is a 

common complication of type 1 and type 2 

DM. The World Health Organization 

(WHO) has defined DFU as ‘the foot 

ulceration seen in diabetic patients with 

potential risk of ulceration, septicity, and/or 

damage of the deep tissues related to 

neurological anomalies, various degrees of 

exterior vascular disease, and/or metabolic 

complication due to diabetes in the lower 

limb. 
[3]

 A range from 4% to 10%of patients 

identified with diabetes is predisposed to 

DFU, of which approximately 15% are 

susceptible to amputation. 
[4]

 In recent years, 

progress in diabetic therapies has abridged 

the amputation rates. 

http://www.ijhsr.org/
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The management of foot ulcer 

depends on the severity and vascularization 

of the wounded limbs. DFU requires 

appropriate wound care and antibiotic 

treatment for healing. 
[5]

 Conventionally, 

gauze moistened with saline or other topical 

solutions was used; however, it was difficult 

to uphold a moist wound environment 

essential for wound healing. 
[6]

 A good 

clinical treatment of foot ulcer would 

involve debridement, revascularization, off-

loading, moist wound care, and treatment of 

infection with antibiotics. 
[7]

 Numerous 

topical routines and devices are available to 

treat diabetic foot ulcer. The present study 

compares the effectiveness of vacuum-

assisted closure therapy (VACT) with 

conventional povidone iodine dressing 

(CTPID) in curing DFU with respect to area 

of the ulcer and time. VACT or negative-

pressure wound therapy (NPWT) is a newer, 

noninvasive mechanical device, which uses 

an ideal sub atmospheric pressure. It 

effectively removes exudates from the 

tissues and aids in reducing edema. 
[8]

 It also 

improves the blood flow in the wounded 

area and reduces bacterial colonization. 

Povidone iodine solution contains 

antimicrobial properties, which reduces the 

bacterial load. However, its use has been 

restricted due to its toxicity, delayed healing 

process, and systemic absorption. 
[9, 10]

 

 

METHODOLOGY 

Patients were enrolled after 

obtaining a written consent form and 

detailed history with relative investigation. 

They were divided into two equal groups (n 

= 30) using computer-generated random 

numbers. Group A received VACT and 

group B received CTPID. Patients aged 

more than 18years with type1/type 2 DM 

and Wagner grade 2 class foot ulcers were 

included in the study. Patients suffering 

from osteomyelitis, collagen/ ischemia/ 

peripheral vascular diseases, malignancy, 

and having immunocompromised status 

were the excluded. Ethical clearance was 

obtained from institutional ethics 

committee. 

Radical debridement was performed 

before the VACT treatment. The wounds 

were cleaned and the foam was cut in such a 

way that it fitted the wound cavity. The 

drain was placed in a curl manner and the 

foam was covered with plastic drapes 

approximately 3–5 cm around the wound 

tissue. The drain was connected to a vacuum 

unit with a standard negative pressure being 

maintained at 100–125mmHg. Dressing was 

repeated every 48–72 h and carefully 

assessed if slough had surfaced so that 

additional debridement can be performed 

before the new dressing. The treatment 

process was continued for 14 days at a 

standard sub atmospheric pressure. 

Group B patients’ wounds were 

cleaned with povidone iodine and dressed 

with gauze soaked in povidone iodine 

solution. 

Wounds were assessed after each 

dressing by observing various parameters 

such as size, surrounding skin, site, shape, 

edge, margin, floor, base, discharge, slough, 

and ulcer area. On day 0, 5, and 14, wound 

culture and sensitivity was done on day 0, 

and day 14. It was performed by disc 

diffusion method and results were observed 

and recorded and recorded during treatment. 

In order to calculate and compare 

different areas of an ulcer, a digital image of 

an ulcer was obtained and processed. The 

standard square (1 cm
2
) of the graph and the 

area of an ulcer is printed black. The black 

areas were calculated in pixels and the area 

of an ulcer and standard square are 

compared to calculate the ulcer area. All 

statistical analysis was carried out using 

SPSS version 22. 

 

RESULTS 

The mean age of VACT and CTPID 

group were 35.7 and 36.4 years, 

respectively. In group A, 14 men and 16 

women were treated with VACT, whereas 

group B had 18 men and 12 women treated 

with CTPID. The age (p = 0.184) and the 

sex (p = 0.301) of the patients were not 

statistically significant (p<0.005). 
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The mean area of ulcers on day 0 in 

CTPID group was 12.24cm
2 

and 11.21cm
2
 

in VACT group. After the application of the 

respective treatment, the areas of ulcers 

were measured on day 5 and 14 to check the 

effectiveness of the two treatments. On day 

5, the mean surface area of ulcers was found 

to be 11.91cm
2
 in CTPID group and 

9.89cm
2 

in VACT group. At the end of day 

14, the mean surface area of ulcers was 

11.30cm
2 

and 8.6cm
2 

for CTPID and VACT 

group, respectively (Table 1). Both the 

treatments showed decrease in the area of 

ulcers, but patients treated with VACT 

showed greater decrease in mean area of the 

ulcer. This decline in the surface area of an 

ulcer was found to be statistically significant 

(p = 0.029). 

The percentage decrease in the area 

of the ulcer was 7.38% in CTPID group and 

23.26% in VACT group at the end of day 14 

when compared to 2.7% in CTPID group 

and 11.2% in VACT group on day 5.  

Culture sensitivity was performed on 

day 0 and 14. Common micro-organisms 

isolated from various samples were gram-

positive cocci such as Staphylococcus 

aureus, and gram-negative organisms such 

as E.coli, Proteus, Klebsiella, 

Pseudomonas, and Enterococcus. 

On day 0, 50% and 60% growth of 

organisms was seen in the patients 

belonging to CTPID and VACT group, 

respectively (p = 0.436). When this was 

compared with the results obtained on day 

14, CTPID group showed 26.7% and VACT 

showed 6.7% growth (p = 0.038; Table 2).  

 
Table 1: Summary of mean surface area of ulcer on day 0, 5 and 14 

 Group N Mean Std. deviation Std. error mean t-value p-value 

Area of ulcer on day 0 CTPID 30 12.24 4.666 0.852 0.815 0.419 

VACT 30 11.21 5.115 0.934   

Area of ulcer on day 5 CTPID 30 11.91 4.726 0.863 1.610 0.113 

VACT 30 9.89 4.958 0.905   

Area of ulcer on day 14 CTPID 30 11.33 4.593 0.839 2.239 0.029 

VACT 30 8.60 4.861 0.888   

 

Table 2: Infection status of an ulcer (culture) on day 0 and 14 

Culture Group Total 

CTPID VACT 

Day 0 No growth 15 12 27 

50.0% 40.0% 45.0% 

Growth present 15 18 33 

50.0% 60.0% 55.0% 

Total 30 30 60 

100.0% 100.0% 100.0% 

Value df p-value 

Pearson Chi-square 0.606 1 0.436 

Day 14 No growth 22 28 50 

73.3% 93.3% 83.3% 

Growth present 8 2 10 

26.7% 6.7% 16.7% 

Total 30 30 60 

100.0% 100.0% 100.0% 

value df p-value 

Pearson Chi-square 4.320 1 0.038 

 

DISCUSSION 

The foot, being a multifaceted 

structure, provides a foundation for the 

entire body. It is important to prevent DFU, 

as well as limit the chances of amputation. 
[11]

 DFU is an outcome of factors such as 

failure of sensation due to exterior 

neuropathy in which the patient’s feet 

become numb and a wound is disregarded. 

[12]
 The process of wound healing is 

complex and involves specific responses 

from the cell types. These cells port growth 

factors, which are locally secreted and play 

a vital role in wound healing. 
[13]

 Recent 

advancement in treating DFU has improved 

wound healing and limited amputation. 

VACT or negative pressure wound 

therapy (NPWT) is a pioneering technique 

of treating trauma wounds. It uses sub 

atmospheric pressure of 100–125mmHg, 

which is generally accepted in clinical 

practice. 
[14]

 The relevance of NPWT in 

healing DFU has proved effective in our 

study. At the end of day 14, a reduction in 

the mean area of the ulcer was observed 

(8.6cm
2 

and 11.30 cm
2
in group A and group 

B, respectively). At the end of day 14, 

23.26% of the ulcer area was decreased and 

only 6.7% of the patients showed positive 

culture sensitivity growth of organisms 

when treated with VACT. Similar 

conclusions were observed from the past 

studies. 
[15-17]
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Povidone-iodine is a 

polyvinylpyrrolidone and elemental iodine 

complex. Iodine has been effectively used 

as a broad-spectrum antimicrobial agent for 

more than 170 years. However, its use has 

been limited due to its cytotoxicity. 
[18]

 

Iodine dressings involve the slow release of 

iodine into the wounds. These dressings are 

only for a relatively short period and require 

frequent changes. A constant moist wound 

environment needs to be maintained for 

quick healing. 
[19, 20]

 Previous studies have 

reported that long-term use of povidone 

iodine is associated with mild 

hyperthyroidism, therefore medical 

supervision in patients with thyroid disease 

or iodine sensitivity is required. 
[21]

 

Research suggests that negative 

pressure causes an increase in vascular 

diameter, volume, and velocity of the blood 

flow. 
[14]

 The mechanism of VACT is not 

thoroughly clear; however, evidence put 

forward that interstitial pressure gets 

decreased due to edema reduction, which 

positively influences lymphatic drainage, 

oxygen, and also the nutrient availability. 

By providing a moist environment, VACT 

promotes formation and development of the 

blood vessels (angiogenesis), tissue 

granulation, and stimulates cell proliferation 

by causing mechanical stress in the wound 

bed. The treatment should be continued 

until healthy granulation has formed over 

the surface of the ulcer. 
[22]

 

Therefore, it is crucial to prevent 

DFU to decrease the rate of limb 

amputation, as it has a negative impact on 

quality of life. Regular examination, 

awareness, precautions, and appropriate 

treatment of minor injuries can considerably 

decrease the incidence of DFU. 
[23,24]
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ABSTRACT

Giant cell tumor, (GCT) compromise 5oh of skeletal tumor .GCTs involving the skull tend to arise in
sphenoid at petrous part of temporal bone and account for less than lYo. Of their relative absence in
cranium, temporal bone GCT is not surprising, as less than 25 case of Giant cell tumor of the temporal
bone have been reported in world literature. It is a Benign Neoplasm but locally aggressive. Radical
surgicai removal is preferred modality of treatment. In this case report we had managed a similar case

who presented with only pain and headache without any lateralizing deficits. MRI showed presence of
large extra axial lesion in right medial temporal region which was confirmed as right temporal giant
cell tumour and posted for surgical excision. Post surgery patient had good resolution of symptoms
with no surgical complications. She is on regular follow up without any evidence of recurrence. We
present this case in view of rarity of this tumour and good outcome following surgery.

Key words: Giant cell tumor, Temporal bone, Extra-axial, Radical excision, Radiation therapy

INTRODUCTION
Cooper in 1818 first described Giant

cell tumors (GCT) of the bone. (r) Later
Nelaton showed their local aggressiveness,
and Virchow revealed their malignant
potential. GCT represents approximately
5%o of all primary bone tumors. (''') More
than half of these lesions occur in the third
and fourth decades of life. (3) GCTs are
benign tumors with potential for aggressive
behaviour and capacity to metastasize.
Although rarely lethal, benign bone tumors
may be associated with a substantial
disturbance of the local bony architecture
that can be particularly troublesome in peri-
articular locations. There is no widely held
consensus regarding the ideal treatment
method selection. There are advocates of
varying surgical techniques ranging from
intra-lesional curettage to wide resection.
GCTs involving the skull tend to arise in
sphenoid at petrous part of temporal bone

and account for less than lo/o.(n) Of thei.
relative absence in cranium, temporal bone
GCT is not surprising, as less than 25 cases

of Giant cell tumor of the temporal bone
have been reported in world literature.
Radical surgical removal is preferred
modality of treatment. (s'6) We present this
case in view of rarity of this tumour and
good outcome following surgery.

CASE RBPORS
A 45 Years female presented with

history of pain in right ear which used to
increase with jaw opening leading to
restricted movement of mouth. There was
also history of right sided throbbing
headache with giddiness since 3 months
which was associated with above
complaints. No FVo hearing loss, seizures or
trauma.
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General and neurological

examination revealed no focal deficits' MRI

Brain with contrast showed- Ill defined

enhancing extra axial lesion of size 3cm X

2.2cm X 3.5 cm with interspersed necrotic

areas and extensive adjacent bony invasion

causing mass effect on right medial

tempoi-al region. (Figl) HRCT of temporal

bone was done to confirm the extent'

Fiel. MRI brain axial T2 weighted imagc showing extre axifll

me-ss 3.0 X 2.2 X 3.5 cm in right lemporal region'

muscle graft. Postoperatively patient was

symptom free with no focal neurological

O.ncits. Histopathological examination

confirmed the diagnosis of giant cell

tumour. CT scan after 3 months showed no

recurrence and 6 month follow up patient

was symPtom free.

Fig.3. Intreoperative photogarPh showing tumour,

spetiallY dispersed
vesicular nuclei

giant cells wi eosinophilic cytoplasm with

suggestive ofgiant cell tumour.

\='- \

tcmporel cxtru-rxirl rcgton
showing enhancement
with involvcment of

MRI brein contrrst

structurcs.

International f ournal of

Right fronto-temPoral craniotomy

was done under general anaesthesia' Soft'

brownish mass with variegated density with

invasion of squamous part of temporal bone

was noted. €ig 3). Dura was not breached'

Complete excision of tumor with adjacent

bone was done' Skull base defect was

reconstructed with pedicled temporalis

of right
adjaccnt

Health Sciences & Research

Vol 7; Issue: Z;February 2Al7
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DISCUSSION
Giant cell tumors (also known as

osteoclastomas) are thought to be derived

from monocytic/histiocytic cells of the

hematopoetic system. {7) They have often

been c-onfused with nonosseous fibroma'

chondroblastoma, chondromyxoid fibroma'

unicameral bone cyst with a cellular lining'

giant cell (reparative) granuloma'

fneu.yrmal bone cyst, brown 
. 
tumor of

hyperpa.athyroidism' and giant 
- 

cell

containing osteosarcoma' lul Recent
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experiments have characterized these
lesions as consisting of three cell types:
osteoclast-like multinucleated giant cells;
round mononuclear cells resembling
monocy,tes; and a spindle-shaped,
fibroblast-like stromal cell. tel

These experiments further suggested
that the stromal cells secrete various
monocfe chemoattractants that stimulate
monocyte migration to bone and their
subsequent fusion into osteoclast-like,
multinucleated giant cells. Thus, the stromal
cell component may actually be of
neoplastic origin, with the multinucleated
giant cells being a reactive component. [101

Giant cell tumor account for 5-9 Yo of all
primary bone tumors. (ll) The relative
absence in cranial bone is not surprising as
less than 25 cases of giant cell tumour of
temporal bone has been reported in world
literature. ('0'") Co*monest sites of Giant
cell tumors are epiphyses of long bones. The
skull is rare location for Giant cell tumor. In
cranium, sphenoid bone is commonest site
followed by temporal bone. (11) Most
commonly seen in 25 to 40 years of age
with female preponderance.

They are locally aggressive and
present with slowly progressive pain,
hearing loss and cranial nerve
paralysis.Treatment options and prognosis
are mainly derived from the literature on
tumors in long bones. Surgical excision is
generally the treatment of choice, Il2l *'tn
recurrence rates correlated to extent of
surgical resection. Il3l Prognosis is mainly
related to extent of surgical excision, with
little contribution from radiographic and
histologic grading systems. lr2'I3l Chemical
or physical agents such as phenol, liquid
nitrogen, or methylmethacrylate have been
used to augment the curettage or excision.
ll3l There Is little evidence for a role for
chemotherapy. t"l The treatment role of
radiation therapy is controversial. While
radiation has been used when complete
surgical resection is impossible, there is
evidence that irradiation predisposes the
tumor to subsequent sarcomatous
degeneration. lt2'131 Some of the

mononuclear cells and stormed cells in GCT
express receptor activator of nuclear factor.
K- B ligand (RANKL) inhibition of this
eliminate giant cells. It may be useful for
unresecteble tumor of skull. The rate of
recurrence is about 40 to 600/o after surgery.
In 5 to l0 %o of cases tumors are malignant.
(12, l3)

CONCLUSION
Thus, to conclude surgical excision

is the treatment of choice, and irradiation
may predispose to sarcomatous
degeneration. Radiographic and histologic
grading systems do not predict clinical
outcome, and extent of surgical resection
has been shown to be predictive of
prognosis.
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ABSTRACT 

 

Schwannomas are rare, slow-growing, benign tumours arising from Schwann cells. Less than 1% of 

schwannomas become malignant. Schwannomas most commonly occur in the head and neck 

involving the brachial plexus and spinal nerves. The upper and lower limbs are affected less often. [1] 

Here we report a case of a 52 yrs old female patient came with the c/o radiating pain with tingling, 

numbness in left lower limb which was undiagnosed for almost 8 years.MRI plain and contrast study 

of left lower limb revealed peripheral nerve schwannoma of tibial nerve in lower 1/3rd of leg. Surgical 

excision was done for the same with total resolution of symptoms. 

 

Key words: Tibial nerve, schwannoma, radiculopathy, MRI lower limb/spine, neurofibroma 
 

INTRODUCTION 

 Schwannomas are rare, slow-

growing, benign tumours arising from 

Schwann cells. Less than 1% of 

schwannomas become malignant, and 

localization in the leg and foot is 

uncommon. 
[2]

 Peripheral nerve tumours are 

rarely the cause of radiculopathic pain in 

lower limbs with no obvious swelling seen 

or felt Most of the time the diagnosis points 

towards the spinal nerve compressive 

etiology and the diagnosis may therefore be 

delayed by several years .Very few cases 

have been reported till date about the tibial 

nerve schwannoma causing lower limb 

radiculopathy as seen in our case.  

 

CASE REPORT 

 A 52yrs old female patient came 

with the complaints of pain in the left lower 

limb since 8 years. Patient complained of 

increase in pain since 1 year, dull aching 

type radiating from middle one third of leg 

to lateral part of the foot including 4
th

 and 

5
th

 toes. Patient also had h/o hyperesthesia 

and paraesthesia in lower 1/3
rd

 of left leg 

with tingling and numbness from lower 

aspect of left leg and lateral aspect of foot 

dermatome. Patient had no h/o swelling in 

the limb, no h/o fever, backache or 

weakness in the limb. She was on treatment 

with NSAID’S with consultation of a local 

doctor. Ultrasound of left lower limb was 

done at a peripheral hospital which showed 

a lump in the lower one third of leg and was 

then referred to our hospital. 

On Examination: There was no local rise 

of temperature, Hyperesthesia & 

Paraesthesia was present over the leg, Tinel 

Sign was present. No any palpable swelling, 

No motor deficit seen. 

MRI plain and contrast  study of left  

lower limb was done which shows a well 

defined well capsulated oval T2 and STIR 

hyperintensity mass lesion noted along the 

tibial nerve measuring 3.3x2.2x2.3cms with 

intense heterogenous enhancement on 

contrast study suggestive of schwannoma of 

left tibial nerve (fig 1 , fig 2 & fig 3). MRI 

http://www.ijhsr.org/
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brain and spine was done to rule out 

neurofibromas. 

Following that patient subjected for 

surgery and resection of the tumour was 

done with meticulous dissection with 

preservation of nerve root under spinal 

anaesthesia. (Fig4 & Fig5). Tumor was sent 

for HPR and report shows- Antoni A and B 

cells suggesting schwannoma (fig 6) 

Postoperative the patient was able to 

move the limb and with normal muscle 

power .Patient follow up was done after 15 

days and the patient was ambulatory and the 

power grading was 5/5, with no complaints 

of paresthesia and pain. 

 

 

 
DISCUSSION 

 Schwannoma is a benign 

encapsulated nerve sheath tumor. It is more 

commonly seen in middle age with 

unknown cause and usually involves spinal 

root and peripheral nerves. Schwannomas 
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constitute 5% of benign soft tissue 

neoplasms. Schwannoma typically presents 

as a solitary, well capsulated, ovoid or 

fusiform configuration, and slow growing 

mass. 
[3]

 Schwannoma has been reported to 

be eccentrically located and does not 

involve the main nerve. 
[4]

 Schwannoma 

tends to displace the nerve fibres 

peripherally in contrast to neurofibromas, 

which grow within the nerves and penetrates 

them. Schwannomas most commonly occur 

in the head and neck involving the brachial 

plexus and spinal nerves. The upper and 

lower limbs are affected less often. D. H. 

Nawabi et al describe about 25 patients with 

a schwannoma of the posterior tibial nerve. 
[5]

 Ghaly described a patient suffering with 

pain in the foot for ten years before 

diagnosis of a schwannoma of the posterior 

tibial nerve in the calf. 
[6]

 Smith and Amis 
[7]

 

described a patient who presented with pain 

in the foot for eight years before recognition 

of a schwannoma of the posterior tibial 

nerve at the ankle. The reasons for the delay 

in diagnosis are a deep-seated swelling may 

escape detection by palpation in the thigh or 

the calf. 
[6]

 Careful examination for a lump 

is therefore essential. When a lump is not 

palpable, a Tinel sign may be the only clue 

to diagnosis. Secondly, neuropathic pain 

expressed in the foot in the absence of a 

palpable lump may mislead the clinician, so 

that radiculopathy or entrapment neuropathy 

may be suspected. MRI is the investigation 

of choice to confirm the presence of a 

schwannoma and also the high resolution 

ultrasonography. Diagnosis can be 

confirmed on histopathology (H & E) but in 

certain cases, immunohistochemical 

markers like S100 protein (most important), 

CD34, Factor XIIIa, CD56, Ki67, 

neurofilament protein, calretinin etc can be 

used to distinguish it from neurofibroma. 
[8]

 

Treatment is by excision of the tumour, with 

meticulous dissection to preserve the nerve 

roots. The prognosis of schwannoma is very 

favourable. Severe nerve damage or 

neurological deficits are uncommon because 

of the perineurium and the eccentric 

location of the tumor with respect to the 

involved nerve. 
 

CONCLUSION 

 The possibility of unusual peripheral 

nerve tumour should be kept in mind in the 

patients presenting with chronic 

radiculopathic symptoms and without 

obvious swelling in the limbs. Early 

diagnosis helps the patient to have cost 

effective treatment and good quality of life. 
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The influence of yoga therapy in adults with type 2 
diabetes mellitus: A single-center study
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Aims: The aim of this study is to investigate the effect of yoga therapy and its influence on blood glucose parameters 
in patients with type 2 diabetes mellitus.
Materials and Method: This was a prospective study conducted at Diabetes Centre, KLES Dr. Prabhakar Kore 
Hospital and Medical Research Centre, India, from January 2016 to December 2016. A total of 1000 type 2 diabetic 
patients were enrolled in the study with informed consent. We assessed the patients for pre- and post-assessment 
blood parameters after a period of 12 months for fasting blood sugar (FBS), postprandial blood sugar (PPBS) levels, 
glycosylated hemoglobin (HbA1c), cholesterol, and triglycerides. A qualitative in-depth interview of the participants 
and therapist was conducted at baseline, end of 6 months, and end of 12 months.
Statistical Analysis: The observations were recorded and analyzed for significance using SPSS version 20.0 
statistical tool.
Results: During pre-assessment, the results revealed an increase in the level of FBS (181.75 ± 71.47), PPBS 
(262.04 ± 97.23), HbA1c (10.30 ± 5.3), cholesterol (180.13 ± 47.1), and triglycerides (159.77 ± 110.39). However, 
the participants who completed the yoga therapy had significantly lower FBS (133.01 ± 46.98) (p < 0.0001), 
PPBS (187.67 ± 68.61) (p < 0.0001), and HbA1c (7.89 ± 1.6) (p < 0.0001) at the end of the 12th month. There 
was statistically significant positive correlation observed in yoga group as compared to the control group during 
postassessment blood parameters.
Conclusions: The results of the present study demonstrated that yoga is effective in reducing the blood glucose 
levels in patients with type 2 diabetes mellitus. Our study also showed positive benefits of yoga in the management 
of diabetes with real impact on glycemic control and lipid profile.
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INTRODUCTION

Diabetes is a serious ailment affecting humankind, it was first 
recognized by the Egyptians in the manuscripts of Ebers papyrus 
dating from 1550 BC, was found in a grave in Thebes region 
south of Egypt in 1862, and named after the Egyptologist Geary 
Ebers. Its pathogenesis has been known by physicians for nearly 
3500 years in Ancient Egypt (Ebbell, 1937). Diabetes is a chronic 
metabolic disease that occurs either when pancreas does not 
produce enough insulin, or when the body cannot effectively use 
the insulin it produces (Shaw, Sicree, & Zimmet, 2010). More 
than 400 million people live with diabetes having increased blood 
glucose level which may lead to severe damage to the heart, blood 
vessels, eyes, kidneys, and nerves (Joint WHO, FAO Expert 
Consultation, 2003). Type 2 diabetes is most common in adults 
and usually occurs when the body develops resistance to insulin 
or fails to produce sufficient insulin. In the past three decades, 
the prevalence of type 2 diabetes has increased dramatically in 
countries of all income levels (WHO, 2017). Type 1 diabetes, 
once known as juvenile diabetes or insulin-dependent diabetes, 
is a chronic condition in which the pancreas produces little or 
no insulin by itself. For people living with diabetes, access to 
affordable treatment, including insulin, is critical to their survival. 
There is a globally agreed target to halt the rise in diabetes and 
obesity by 2025 (American Diabetes Association, 2010).

Yoga is primarily a philosophical science, born out of human’s 
need to fathom the meaning of existence. The origins of yoga are 
a matter of debate as there is no consensus on its chronology or 
precise background other than that yoga developed in Ancient 
India (Samuel, 2008). Suggested sources are the Indus Valley 
Civilization (3300–1900 BCE) and pre-Vedic Eastern states 
of India, the Vedic period (1500–500 BCE), and the Sramana 
movement (Georg, 2001). Yoga has been studied and is 
increasingly recommended to promote relaxation and reduce stress 
and some medical conditions such as premenstrual syndrome, 
stress reduction, and improving the diseases caused due to 
sedentary lifestyle (Douglas & Rebecca, 2006; Ospina et al., 2008).

Yoga is an ancient science and rich heritage of our culture 
(Melkote, 1975). Several studies have been conducted in our 
country to evaluate the management of diabetes in the patients 
practicing yoga on a regular basis (Divakar, Bhatt, & Mulla, 
1978). Most of these studies were done on a small number of 
patients, over short periods of time and just relied on blood sugar 
estimations to assess the results (Shambekar & Kate, 1980). These 
studies also included combined Pranayama and several other 
yogic practices making it difficult to interpret their individual 
contributions (Sahay, 2007). Hence, we have made an attempt to 
carry out an extensive well-designed study to assess the effect of 
yoga in the treatment of diabetes exclusively.

MATERIALS AND METHOD

The study was conducted at the KLES Diabetes Centre of Dr. 
Prabhakar Kore Hospital and Medical Research Centre, India, 

from January 2016 to December 2016. The study involved 
1000 type 2 diabetic patients and written informed consent was 
obtained at the outset. The participants of experimental group 
were given yoga therapy along with regular walking. Out of 
1000 diabetic patients, 771 patients were enrolled for yoga and 
walking whereas 74 patients were assigned to control group (no 
yoga or walking). Sociodemographic data, i.e., age, occupation, 
residential address, and socioeconomic status, were recorded. 
Basic clinical characteristics of the study participants were 
measured at the baseline and after a period of 12 months of 
yoga therapy. Biochemical variables, i.e., fasting blood glucose, 
postprandial blood glucose, glycosylated hemoglobin (HbA1C), 
cholesterol, and triglycerides were included in the study. A 
comprehensive qualitative counseling of the study participants 
and therapists were conducted at baseline, 6 months, and 12 
months.

Statistical analysis
Data were analyzed using SPSS version 20.0, IBM SPSS Statistics 
software Inc., (Armonk, NY: IBM Corp.). Mean of each of these 
parameters and standard deviation (SD) along with a change in 
these parameters were calculated for each group at baseline and 
6 months. All the data were expressed till two decimal places and 
presented as ± SD unless stated otherwise. Unpaired t-test was 
conducted to check the level of significance of p-value between 
individual parameters. The significance level of 5% has considered 
for reporting the results.

RESULTS

The present study involved 1000 type 2 diabetic patients; 
645 (64.5%) patients were males and 355 (35.5%) were females. 
Most of the patients (male - 59.53%) and (female - 40.46%) were 
51–60 years of age. The age-specific rate of male and female 
type 2 diabetics is presented in Table 1. Preassessment blood 
parameters analysis revealed that fasting blood glucose was 181.75 
± 71.47 mg/dl, postprandial glucose 262.04 ± 97.23 mg/dl, body 
mass index (BMI) 28.44 ± 77.86 kg/m2, HbA1C 10.30 ± 5.3%, 
cholesterol 180.13 ± 47.1 mg/dl, and triglycerides 159.77 ± 
110.39 mg/dl. There was a significant association between the 
blood glucose parameters of pre- and post-assessment patients 
receiving yoga therapy (p < 0.0001). However, no statistical 
significance was observed in BMI and high-density lipoproteins 
examined in both pre- and post-assessment patients [Table 2].

Table 1: Distribution of  age group of male and 
female  type 2 diabetics
Age 
category

Number 
of patients

Male (%) Female (%)

20‑30 28 16 (4.48) 12 (3.36)
31‑40 129 79 (61.24) 50 (38.75)
41‑50 286 174 (60.83) 112 (39.16)
51‑60 341 203 (59.53) 138 (40.46)
61‑70 171 136 (79.53) 35 (59.85)
≥71 45 37 (16.65) 8 (3.6)
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51.1% (511) patients including both male and female had family 
history of type 2 diabetes. Addiction to tobacco, smoking, and 
alcohol habits was not analyzed from the clinical point of view 
[Table 3]. Sociodemographic features of patients are presented 
in Table 4, which includes occupational status such as service 
people, business, farmers, homemakers, retired, and others. 
Table 5 illustrates location of patients whereas socioeconomic 
status is presented in Table 6. During the preassessment, 96.2% 
(962) patients did not perform regular yoga, and 47.3 % (473) of 
the patients did not exercise regularly. The postassessment results 
showed that 77.1% (771) patients performed yoga regularly and 
74.8% did daily walks [Table 7].

DISCUSSION

The present study validates the favorable role of yoga that assumes 
relevance today more than ever (Melkote, 1975). Yogic movements 
can either be of high or low intensity, depending on the clinical 
condition of patients (Bhavanani, 2011). Practiced in its entirety, it 
improves one’s physical health, enhances intelligence and mental 
endurance, and creates a sense of well-being (Sahay, 2007). Yoga 
comprises asanas, pranayama, and meditation. Yoga therapy aids 
in improving blood glucose parameters, cholesterol, physical and 
psychological aspects and quality of life in patients with diabetes 
(Pandey, Arya, Kumar, & Yadav, 2017). A young active individual 
can be made to practice very intense asanas in a dynamic manner, 
which will increase the cellular activity of the muscle (Melkote, 
1975). Yoga asanas are beneficial in the treatment of diabetes 
because of the different postures performed in the course of 
asanas; which leads to a gradual increase in the supply of blood 
and oxygen resulting in improved efficiency and functioning of the 
body (Pandey et al., 2017). However, stretching of various glands 
during asanas results in greater efficiency of the endocrine system 
because asanas have a direct influence on pancreatic secretion by 
rejuvenating pancreatic cell (Angadi et al., 2017).

Yoga leads to enhancement of sensitivity to insulin and results in 
a reduction of insulin resistance. Resistance to insulin is the core 
abnormality in type 2 diabetes and heads the progress of overt 
diabetes by several years. The decrease in free fatty acid levels 
also reduces the lipotoxicity, which has now been shown to have 
a significant effect on beta cell function (Angadi et al., 2017). 
Therefore, it is rational to assume that the beneficial effect of yogic 

asanas on the insulin kinetics and the lipid metabolism prevents the 
beta-cell exhaustion and the burgeoning of a beta-cell secretory 
defect, thereby preventing type 2 diabetes (Sahay, 1994).

Our study reveals the importance of practicing yoga on a scientific 
basis and observations made during the survey period. Fasting 
and postprandial blood glucose levels came down significantly 
in diabetic patients group on the practice of yoga and exercise 
regularly, which is in concordance with the previous studies (Sahay, 
2007). Good glycemic status can be maintained for prolonged 

Table 3: Distribution of  clinical  characteristics
Clinical characteristics Number of patients (%)
Family history of type 2 diabetes 511 (51.1)
Tobacco 136 (13.6)
Smoking 52 (5.2)
Alcohol 172 (17.2)
No habits 129 (12.9)

Table 4: Distribution of patients with 
sociodemographic  features
Sociodemographic features Number of patients (%)
Service 279 (27.9)
Business 143 (14.3)
Farmers 177 (17.7)
Homemakers 303 (30.3)
Retired 81 (8.1)
Others 17 (1.7)

Table 5: Distribution of patients  in  the place of 
residence
Place of residence Number of patients (%)
City/town 604 (60.4)
Village 394 (39.4)
Not mentioned 2 (0.2)

Table 6: Distribution of patients on 
socioeconomic status
Socioeconomic status (k) Number of patients (%)
≤10 148 (14.8)
10‑20 216 (21.6)
≥20 276 (27.6)
Not mentioned 360 (36)

Table 2: Comparison of mean±standard deviation values of blood parameters of  yoga  type 2 diabetes 
mellitus group
Parameters Preassessment Postassessment p
Fasting blood sugar (mg/dL) 181.75±71.47 133.01±46.98 <0.0001*
Postprandial glucose (mg/dL) 262.04±97.23 187.67±68.61 <0.0001
BMI (kg/m2) 28.44±77.86 26.80±7.13 0.5085
HbA1c (mmol/L) 10.30±5.3 7.89±1.6 <0.0001
Cholesterol (mmol/L) 180.13±47.1 170.68±69.29 <0.0095
Triglycerides (mg/dL) 159.77±110.39 140.97±80.72 <0.0061
HDL 38.66±15.93 39.90±13.70 0.2246
LDL 111.22±47.25 101.35±35.86 <0.0008
*Level of significant ‑ <0.0001 (significant). HDL, High‑density lipoproteins; LDL, Low‑density lipoproteins; BMI, Body mass index; HbA1c, Glycosylated hemoglobin
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periods. There was a downfall observed in free fatty acids 
suggesting an enhanced insulin sensitivity and decrease in insulin 
resistance, with a possible protective effect on beta-cell function 
(Fadnis, Malhosia, Pandey, & Singh, 2009). There are beneficial 
outcomes on the comorbid conditions such as cholesterol, 
hypertension, and dyslipidemia. Practicing yoga is recommended 
for all age groups and can be performed in all seasons.

CONCLUSION

The findings of our study presented suggest that yogic practices 
may promote significant improvements in several indices of 
primary importance in the management of type 2 diabetes, including 
glycemic control, lipid levels, and body composition. However, 
additional high-quality investigations are required to confirm and 
further elucidate the potential therapeutic benefits of standardized 
yoga programs in populations with type 2 diabetes in this part of 
the country.
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Table 7: Allocation of patients on yoga therapy 
pre‑  and post‑assessment
Yoga Number of 

patients (%)
Walk Number of 

patients (%)
Mode of workout preassessment

Regular 26 (2.6) Regular 432 (43.2)
Irregular 12 (1.2) Irregular 95 (9.5)
No yoga 962 (96.2) No walk 473 (47.3)

Mode of workout postassessment
Regular 771 (77.1) Regular 748 (74.8)
Irregular 155 (15.5) Irregular 117 (11.7)
No yoga 74 (7.4) No walk 135 (13.5)
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introduction

Epidemiological studies suggest that more than 10% of children 
and adolescents in community suffer from psychiatric illness;[1,2] 
however, only 10% of them receive specialist care.[1] Literature 
also suggests that one in four children attending general practice 
have psychiatric problems,[3,4] and nearly one in three children 
seen by pediatrician have mental health issues.[4] It is also 
clear that the children with chronic physical illness often have 
comorbid psychiatric illness.[5] Comorbid physical illness and 
hospitalizations may lead to anxiety symptoms, and chronic 
illnesses may lead to negative body image and low self-esteem.[6]

Patients with psychiatric illness make 20%–100% more non-
mental health visits and cost 20% more per year for treatment of  
non-mental health problems.[1] However, psychiatric comorbidities 
in these children usually go undetected or undertreated.[7]

Pediatric liaison services can be effectively utilized to bridge 
the treatment gaps mentioned above. Pediatric consultation-
liaison (CL) comprises all consultations, liaison, diagnostic, 
therapeutic, teaching, support, and research activities carried 

out by psychiatrists and other mental health professionals in 
pediatric ward.[5] Despite the potential role of pediatric liaison 
psychiatry in general hospitals, there is a dearth of studies 
focusing on this area. To the best of our knowledge, there are 
no published studies from India on pediatric liaison services 
in a general hospital.

We took up this retrospective descriptive study with the aims 
of identifying the referral patterns, psychiatric diagnoses, and 
interventions in children and adolescents referred to psychiatry 
department in a tertiary care hospital.

matErials and mEthods

The study was carried out in a tertiary care super-specialty 
teaching hospital of a South Indian city. The institute runs 

Background: Children with chronic physical illnesses frequently have psychiatric comorbidities, which often go un-noticed and may 
lead to more resource utilization and morbidity. Pediatric liaison services can be effectively used to bridge this gap. Literature on pediatric 
liaison services is sparse. Aims: To study the referral patterns, reasons for referrals, psychiatric diagnoses and interventions in children and 
adolescents referred to psychiatry department in a tertiary care hospital. Materials and Methods: A retrospective chart analysis of all children 
and adolescents below 19 years of age, referred to psychiatry department from 2010 to 2015, was done. Data was collected and statistical 
analysis was done. Results: Two hundred and nine subjects  were included in the study. Mean age of sample was 12.15 (±4.20) years, with 
about 66.02% being males. About 54.06% of the participants were referred from pediatricians. Almost three fourth (72.25%) of children had 
no diagnosable physical illness. Intellectual disability (19.62%) was the most common psychiatric diagnosis, followed by depressive disorders 
(14.35%), and dissociative disorders (12.92%). Conclusions: In our study, majority of the referrals were the adolescent males from pediatric 
department. Intellectual disability, depressive disorder, and stress-related disorders were the common diagnoses. The fact that three-fourth of 
the referred children had no physical illness implies lack of awareness, stigma toward mental illness, and pathway of care.
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a postgraduate psychiatry department with round-the-clock 
liaison psychiatry services. Teams consisting of a consultant 
psychiatrist and a postgraduate trainee are available on 
rotation basis for the management of psychiatric references, 
both bedside/outpatient department (OPD) referrals. Initial 
assessment is done by the on duty postgraduate trainee, 
a provisional diagnosis is made as per the International 
Classification of Diseases-10 guideline, and treatment is 
started, later to be reviewed by the consultant psychiatrist 
on the same day or the next one. Assistance from clinical 
psychologist and psychiatric social worker is taken whenever 
necessary.

This study is a retrospective review. The study was approved 
by institutional ethical committee. Case files of all children 
and adolescents (up to 19 years of age) referred to psychiatry 
department for a period of 5 years from January 1, 2010, to 
December 31, 2015, were analyzed. Sociodemographic and 
clinical details were collected using a semi-structured pro 
forma. Data was tabulated, and appropriate statistical tests 
were applied using Epi Info-7 (by CDC- Centers for Disease 
Control and prevention) software.

rEsults

A total of 232 children and adolescents were referred during 
this period. Out of 232, 23 children were excluded from the 
study as data available was incomplete. Two hundred and nine 
children were included in the study.

Mean age of the sample was 12.15 (±4.20) years, with male sex 
being predominant (66.02%). About half of the children were 
referred from the department of pediatrics (54.06%). The next 
most common sources of referrals were departments of neurology 
(26.79%) and internal medicine (6.22%). Only about 10% of 
these children had a family history of psychiatric illness [Table 1].

The most striking characteristic of our sample is, though 
referred from various medical or surgical departments, about 
three-fourth of these children (72.25%) had not received any 
medical or surgical diagnoses. Among those who had comorbid 
physical illness, the most common was epilepsy (46.55%), 
followed by other neurological illness (17.24%), febrile seizure 
(5.17%), and head injury (5.17%) [Table 1].

The most common reasons for referral were externalizing 
symptoms (49.28%), followed by unexplained physical 
symptoms (30.14%), internalizing symptoms (17.7%) and poor 
scholastic performance (10.52%). The most common presenting 
complaints were hyperactivity (15.31%), followed by irritability 
(14.88%), poor scholastic performance (13.34%), and headache 
(12.92%). Mental retardation was the most common psychiatric 
diagnostic category (19.62%), followed by depressive disorders 
(14.35%), dissociative disorders (12.92%), and stress-related 
disorders (10.53%). Six children (2.87%) were referred for 
evaluation of intentional self-harm and around 6.22% of 
children had no diagnosable psychiatric condition. Around 
68.9% of them required some pharmacotherapy [Table 1].

We further divided the sample into two age groups as children 
(younger than 12 years) and adolescents (12–19 years) and 
made the comparisons [Table 2]. The mean age of group 
comprising children was 8.20 (±2.62) years and that of 
adolescents was 15.18 (±2.17) years. Significantly a large 
number of children were referred for their externalizing 
symptoms when compared to adolescents (39.56% and 
25.42%, respectively, P = 0.0424). Whereas, internalizing 
symptoms was the reason for referral in adolescents more often 
than in children (24.58% and 8.79%, respectively, P = 0.0054). 
Significantly a large number of adolescents received the 
diagnosis of depressive disorder (19.5% of adolescents and 
7.7% of children; P = 0.0269) whereas children more often 
received the diagnoses of pervasive development disorder 
(13.19% of children and 1.7% of adolescents, P = 0.0026) 
and hyperkinetic disorder (15.39% of children, 7.66% of 
adolescents, P = 0.0006) [Table 2].

discussion

To the best of our knowledge, this is the first study focusing 
on the pediatric referrals to psychiatry from the Indian 
subcontinent. Given the striking differences in the pathway 
of care of psychiatric illnesses, help-seeking behavior, stigma, 
and the sociocultural aspects of Indian patients, especially 
when it comes to child mental health issues, we thought it is 
worthwhile to explore this un-touched area.

Mean age of the sample was 12.15 (±4.20) years, which is well 
within the age range (9–14 years) reported from most of the 
previous researchers.[8-13] Difference in the inclusion criteria 
and study settings may be the reason for this wide age range. 
Twenty-six (12.44%) children referred were younger than 
6 years of age and only 4 (1.9%) of them were younger than 
3 years of age, whereas 14% of the children were younger than 3 
years in a Turkey-based study.[6] Moreover, the epidemiological 
data of child psychiatric illness in Indian community suggest 
that children of age group 0–3 years had higher prevalence 
of psychopathology than their older counterparts.[2] These 
discrepancies may suggest the lack of awareness among parents 
and medical fraternity about the mental health issues of infants, 
toddlers, and preschool age children in our country.

Boys (66.02%) outnumbered girls, a finding similar to that of 
many previous studies.[9,11,12] On contrary, a widely acclaimed 
and community based Indian epidemiological study of child 
and adolescent mental health reported no sex differences.[2] 
Sociocultural influences in help seeking may be an important 
reason behind this, as Indian parents probably are more concerned 
about the health issues of their male children than females.

Majority of patients were referred from the department of 
pediatrics (54.06%). A similar trend was observed by most 
other researchers.[6,14,15] The age factor is the obvious reason 
here. Another reason is that the psychiatric problems in children 
often manifest with physical symptoms, leading to pediatric 
consultation. The next major source of referrals was the 
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Table 1: Sociodemographic and clinical characteristics of the sample

Variable Category Observations (n=209) (%)
Mean age (mean±SD) 12.15±4.20
Sex Males 138 (66.02)
Family history of psychiatric illness 21 (10.15)
Presence of primary physical illness 58 (27.75)
Primary physical illness Epilepsy 27 (46.55)

Other neurological illness* 10 (17.24)
Febrile seizures 3 (5.17)
Head injury 3 (5.17)
Tuberculosis 2 (3.44)
Other illnesses# 13 (22.41)

Source of referrals Pediatrics 113 (54.06)
Neuromedicine 56 (26.79)
Internal medicine 13 (6.22)
Otorhinolaryngology 6 (2.87)
Dermatology 6 (2.87)
Others 15 (7.17)

Reasons for referral Externalizing symptoms 66 (31.58)
Unexplained physical symptoms 63 (30.14)
Internalizing symptoms 37 (17.7)
Poor scholastic performance 22 (10.52)
Developmental delay 13 (6.22)
Intentional self-harm 6 (2.87)
Others 2 (0.96)

Diagnostic category Organic mental disorder 5 (2.39)
Psychotic illness 5 (2.39)
Depressive disorder 30 (14.35)
Bipolar disorder 0
Anxiety disorder 12 (5.74)
Stress-related disorder 22 (10.53)
Dissociative disorder 27 (12.92)
Somatoform disorder 4 (1.91)
Intellectual disability 41 (19.62)
Specific developmental disorders of scholastic skills 7 (3.35)
Pervasive developmental disorder 14 (6.70)
Hyperkinetic disorders 16 (7.66)
Conduct disorder 5 (2.39)
Tic disorder 7 (3.35)
No major psychiatric illness 13 (6.22)
Intentional self-harm 3 (1.46)
Diagnosis deferred 5 (2.39)
Others** 40 (19.14)

*Like microcephaly, cerebral palsy, SDH, encephalitis, etc., #Like SLE, dengue shock syndrome, etc., **Like chorea, nocturnal enuresis, migraine, 
temperamental problems, etc., SDH: Subdural hematoma, SD: Standard deviation

department of neuromedicine (26.79%), this can be explained 
by the fact that many psychiatric disorders such as conversion 
reactions, dissociative motor disorders, and sensory disorders 
resemble neurological disorders. Studies have showed that 
about 15% of the patients seen by neurologists have no physical 
basis for their symptoms, and in another 15%, the symptoms 
are out of proportion to the underlying cause.[16,17]

The most common physical diagnoses among these children 
were epilepsy (46.55%), other neurological illness (17.24%), 
febrile seizures (5.17%), and head injury (5.17%). Kiliç 

et al. have also observed that brain pathologies are the most 
common medical illness among the referred children. These 
findings are not unexpected as neurological illnesses have a 
very close association with psychiatric symptoms due to shared 
neurobiological etiology.[6]

The most striking observation of this study is that 151 (72.25%) 
children referred from various departments had no diagnosable 
physical illness. This is in contrast to the observations done 
by Al-Haidar 2003 (18.4% had no medical diagnoses)[8] and 
Kiliç et al. 2007 (6.6% had no medical diagnoses).[6] This 
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may be because of high levels of stigma, lack of awareness 
among the parents, and predominant somatic manifestations as 
described above,[4] which makes them to go to a pediatrician/
physician before consulting a psychiatrist. The pathway of 
care for psychiatric illness is another issue to be considered, 
as in India, mental health professionals are rarely contacted 
first for psychiatric problems.[18]

Evaluation of externalizing symptoms was the most common 
reason for referral (49.28%), followed by unexplained physical 
symptoms (30.14%), internalizing symptoms (17.7%) and poor 
scholastic performance (10.52%). In a similar study, majority 
of children were referred for the assessment of comorbid 
psychiatric disorder and evaluation of cognitive development.[6]

Similar to what we have observed, depressive disorders, 
hyperkinetic disorders, and stress-related disorders are the 
common psychiatric diagnoses among the referred children in 
most of the earlier studies.[6,8-10,13,19,20] It is a well-known fact 
that chronic physical illness in children often is associated with 
psychological consequences such as depression and anxiety.[6] 
Moreover, as one can observe, many children in this study 
were suffering from epilepsy and other neurological illness. 
Depression is a common comorbidity of these neurological 
illnesses, may be due to shared neurobiological etiology or as a 
reaction to the disability.[21] Hyperkinetic and other behavioral 
disturbances are also common comorbidities of epilepsy, brain 
pathologies, and intellectual disability.[22]

Six children (2.87%) were referred for the assessment of 
intentional self-harm behavior. In a large hospital-based 
study from India, Grover et al. have observed that 0.82% 
of children and adolescents were referred for evaluation 
of self-harm behavior.[23] In contrast, significantly large 
proportion of children had intentional self-harm in studies 
abroad.[8,10,20] Difference in the study setup (for e.g. studies 
done in emergency department) may be one reason for this 
discrepancy. Under-reporting of intentional self-harm in 
India, due to stigma and fear of legal consequences, may be 
the other reason.

The fact that hyperkinetic and disruptive disorders begin during 
younger age compared to depressive and anxiety disorders 
explains the findings that children were more often referred 
for externalizing symptoms and more often received the 
diagnosis of hyperkinetic disorders than adolescents, whereas 
adolescents were more often referred for the internalizing 
symptoms and more often received the diagnosis of depressive 
disorder than children.

Heavy reliance on pharmacotherapy (68.9%) compared to 
the studies done elsewhere[6,8,9,19] implies the preferred mode 
of treatment by the psychiatrists. It also indicates shortage 
of trained workforce and lack of expertise to deliver various 
nonpharmacotherapies. Type of the patients seen in CL 
psychiatry (CLP) setup could be another factor. Agitated 
patients and patients with severe physical illness commonly 

Table 2: Comparison of clinical characteristics of child and adolescent age groups

Clinical characters Variables Children (n=91) Adolescent (n=118) Total (n=209) P
Reason for referral Externalizing symptoms 36 (39.56) 30 (25.42) 66 (31.58) 0.0424

Developmental delay 10 (10.99) 3 (2.54) 13 (6.22) 0.868
Intentional self-harm 1 (1.10) 5 (4.23) 6 (2.87) 0.352
Internalizing symptoms 8 (8.79) 29 (24.58) 37 (17.7) 0.0054
Poor scholastic performance 11 (12.08 11 (9.32) 22 (10.52) 0.675
Unexplained physical symptoms 25 (27.47) 38 (32.20) 63 (30.14) 0.557
Others 1 (1.10) 1 (0.91) 2 (0.96) 0.853

Psychiatric diagnosis Organic mental disorder 2 (2.20) 3 (2.54) 5 (2.39) 0.871
Psychotic illness 1 (1.10) 4 (3.39) 5 (2.39) 0.536
Depressive disorder 7 (7.70) 23 (19.50) 30 (14.35) 0.0269
Bipolar disorder 0 0 0
Anxiety disorders 2 (2.20) 10 (8.47) 12 (5.74) 0.102
Stress-related disorder 6 (6.60) 16 (13.56) 22 (10.53) 0.162
Dissociative disorders 13 (14.29) 14 (12.72) 27 (12.92) 0.758
Somatoform disorders 2 (2.20) 2 (1.70) 4 (1.91) 0.792
Mental retardation 22 (24.18) 19 (16.10) 41 (19.62) 0.2
Specific developmental disorders of scholastic skills 5 (5.50) 2 (1.70) 7 (3.35) 0.262
Pervasive developmental disorder 12 (13.19) 2 (1.70) 14 (6.70) 0.0026
Hyperkinetic disorders 14 (15.39) 2 (1.70) 16 (7.66) 0.0006
Conduct disorder 1 (1.10) 5 (4.23) 5 (2.39) 0.352
Tic disorder 2 (2.20) 5 (4.23) 7 (3.35) 0.671
No major psychiatric illness 3 (3.30) 10 (8.47) 13 (6.22) 0.212
Intentional self harm 0 3 (2.54) 3 (1.46) 0.591
Deferred 4 (4.40) 2 (1.70) 5 (2.39) 0.458
Others 17 (18.69) 25 (21.19) 40 (19.14) 0.784
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come across in this setup, who often require pharmacological 
management. The attitude of Indian patients and caregivers 
also influences the treatment chosen by the therapist. Indian 
patients expect that the therapist would follow a medical model 
rather than a psychological approach. They also expect him/
her to play an active authoritative role, making it difficult to 
maintain “therapeutic neutrality.”[24] Worth noting here is the 
observation made by Avasthi et al.[25] that one of the reasons 
for dissatisfaction with the current CLP practice is exclusive 
reliance on psychotropic drugs.

Strengths of this study are this being the first study focusing on 
pediatric liaison psychiatric services from India and also the 
adequate sample size. Primary limitation of this study is that it 
is a retrospective chart analysis and hence the diagnosis in most 
cases is clinical with no standardized diagnostic tools being 
used. Longitudinal studies focusing on referral practice patterns, 
effects of psychiatric interventions, and effectiveness of various 
nonpharmacological interventions are needed in the future.

conclusions

Majority of participants referred were male adolescents, 
referred from the department of pediatrics or neuromedicine. 
About three-fourths of participants had no diagnosable 
physical illness, and neurological illnesses were the most 
common physical comorbidities in the remaining participants. 
Externalizing symptoms, and unexplained physical symptoms, 
were the most common reasons for referral. Intellectual 
disability, depressive disorders, and dissociative disorders 
were the most common psychiatric diagnoses made. On 
comparing across the age groups, children more often 
received the diagnoses of hyperkinetic disorders and persistent 
developmental disorders, whereas adolescents more often 
received the diagnosis of depressive disorder. Majority of the 
participants received pharmacotherapy.
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Introduction
Consultation‑liaison psychiatry (CLP) is the study, practice, and 
teaching of the relationship between medical and psychiatric 
disorders.[1] With psychiatry making a move towards a more 
medical model and with rapid establishment of general hospital 
psychiatry units all over the world, this subspecialty of psychiatry 
is getting more and more attention.[2,3] Psychiatric complaints 
are very common in general medical patient population.[4‑6] It is 
also observed that psychiatric consultations in general hospitals 
can reduce treatment expenses, mortality, morbidity, and length 
of hospital stay.[7] With the above‑mentioned facts and with the 
physicians’ search for “more appropriate management,” liaison 
psychiatry has emerged as the need of the hour to restore the 
holistic therapeutic approach.[8]

There is an extensive literature in Western world with respect 
to CLP. The Indian literature is scanty as observed in two 
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Abstract
Background: There is paucity of published data pertaining to consultation psychiatric services 
(CLP) in India. The data available reflect the under developed status of this subspecialty and need 
for strengthening the same. Research assessing the effectiveness of CLP services is the need of 
the hour. Objectives: Current study was taken up with the aim to study the pattern of psychiatric 
referrals in a teaching hospital, and to study the effect of intervention in CLP at the end of 4 
weeks. Materials and Method: Sample was drawn from Indoor patients referred to department 
of psychiatry. Psychiatric diagnosis was made using International classification of diseases (CD‑10 
DCR). Clinical Global Impression severity (CGI‑S) and Improvement (CGI‑I) ware used to assess 
the effect of psychiatric intervention after 4 weeks. Results: about half of patients were referred 
from Internal Medicine, followed by Neurological sciences and surgical branches. About 30% of 
patients had no diagnosable psychiatric disorder. Common reasons for referral were evaluation of 
medical patient having co‑ morbid psychiatric symptoms, followed by assessment for intentional 
self‑harm, past history of psychiatric illness, and substance use. There was a statistically significant 
reduction in the mean CGI‑S scores after four weeks (t=16.356; p <0.001). Mean CGI‑I score after 
4 weeks was 1.89(±0.993). suggesting much improvement. Conclusion: Majority of patients are 
referred to Psychiatry from internal medicine and neurology. About one‑third of the patient did not 
receive any Psychiatric diagnosis. Psychiatric intervention was found to be significantly beneficial.

Keywords: Consultation‑liaison psychiatry, general hospital psychiatry, psychiatry referrals

A Descriptive Study of Pattern of Psychiatric Referrals and Effect of 
Psychiatric Intervention in Consultation‑liaison Set Up in a Tertiary Care 
Center

recent reviews.[9,10] A review of studies published in Indian 
Journal of Psychiatry from 1950 to 2010 revealed that there 
are only 117 studies on psychiatric aspects of various physical 
illness.[9] The data available reflect the underdeveloped status 
of this subspecialty and need for strengthening the same.

Further, there has been a consistent demand to demonstrate 
the effectiveness of these services to justify resources used. 
With the increasing importance of evidence‑based practice, 
the onus is on CLP services to demonstrate their worth.[11] 
Studies focusing on the intervention effectiveness in CLP 
from India are sparse. The current study was taken up with 
the following aims:
• To study the pattern of psychiatric referrals in a teaching 

hospital
• To study the effect of psychiatric intervention at the end 

of 4 weeks.

Bheemsain Tekkalaki, 
Adarsh Tripathi1,  
Amit Arya1,  
Anil Nischal1

Department of Psychiatry,  
KLE University's JN Medical 
College, Belagavi, Karnataka, 
1Department of Psychiatry,  
King George Medical University, 
Lucknow, Uttar Pradesh, India

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.

For reprints contact: reprints@medknow.com

How to cite this article: Tekkalaki B, Tripathi A, Arya A, Nischal A. 
A descriptive study of pattern of psychiatric referrals and effect of 
psychiatric intervention in consultation-liaison set up in a tertiary care 
center. Indian J Soc Psychiatry 2017;33:165-70.

Original Article

[Downloaded free from http://www.indjsp.org on Saturday, September 12, 2020, IP: 112.133.237.7]



Tekkalaki, et al.: Profile of patients and effect of intervention in C‑L set up

166 Indian Journal of Social Psychiatry | Volume 33 | Issue 2 | April-June 2017 

Materials and Methods
This study was approved by the Institutional Ethical 
Committee. Sample was drawn from indoor patients referred 
to the Department of Psychiatry, King George Medical 
University, Lucknow, from other clinical Departments of the 
Medical University on selected days of the week (Tuesday 
and Friday, as these are the outpatient department [OPD] 
days of authors). The study was conducted from January 
1, 2012 to December 31, 2012. Under trial patients, 
convicted patients, and patients referred by the court of law 
were excluded because of difficulty in following them up. 
A written informed consent/assent was taken from the patient 
or the legally appropriate caregiver. Detailed assessment of 
the sociodemographic pattern, psychiatric history, and mental 
status of the patient was made using a semi‑structured pro 
forma. Diagnosis was made using International Classification 
of Diseases, 10th edition, classification of Mental and 
Behavioural Disorders‑Diagnostic Criteria for Research,[12] 
and Clinical Global Impression scale‑severity (CGI‑S) was 
applied, wherever applicable. The complete assessment was 
done by trainee psychiatry resident, under the guidance of a 
qualified psychiatrist.

The patients were followed up after 4 weeks by the 
investigator to review the clinical diagnosis made. 
Effect of intervention was assessed using CGI‑S and 
CGI‑improvement (CGI‑I) at follow‑up.[13] Hindi version of 
client satisfaction questionnaire 8 (CSQ‑8) was applied to 
assess the patient satisfaction.[14] Hindi translation was done 
with the permission of the authors. Strict translation and 
blind‑back translation procedures were followed, and the 
final translated version was cross checked independently by 
an independent team of experts.

Results
We screened 151 subjects, of which 16 were excluded. 
Reasons for exclusion were medico legal cases (04) and 
nonavailability of reliable informant.(12) About 135 
subjects were recruited in the study, of which 83 (61.48%) 
completed the 4‑week follow‑up. Mean age of the sample 
was 35.53 (±16.62) years. Males formed 56.3% of the 
sample [Table 1].

About 74.82% of patients were referred to outpatient 
set up, and about 25.18% attended the emergency 
psychiatry set up. On analyzing the source of referrals, 
about half (51.11%) of the patients were referred by the 
Department of Medicine. The next most common source 
was the Department of Neurology (11.11%), followed by 
Pulmonary Medicine (10.37%). Most common psychiatric 
diagnosis among the referred subjects was “Organic 
mental disorder” (20%). It was followed by “Neurotic, 
stress‑related, and somatoform disorder” (15.56%) 
and “Affective disorder” (14.07%). The worth noting 
finding was that about one quarter of the patients had no 
diagnosable psychiatric illness [Table 1].

On assessing the reasons for referral, having comorbid 
psychiatric illness was the most common reason for psychiatric 
referral (32.6%), followed by intentional self‑harm (30.3%) 
and medically unexplained symptoms (19.3%). About 71% 
referred subjects were managed by pharmacotherapy alone 
or in combination with nonpharmacotherapy. Remaining 
were managed only by nonpharmacotherapy (counseling, 
supportive psychotherapy, and relaxation exercises).

Mean baseline CGI‑S score was 4.455 (±1.0284). 
On attrition analysis, there was no statistically 
significant difference (P = 0.825) between the baseline 
severity (mean CGI‑S score) of patients who completed 
the study (4.432 ± 1.031) to that of patients who were 
missed to follow‑up (4.383 ± 1.073). On comparison of the 
CGI‑S scores at baseline and after 4 weeks of intervention, 
there was a statistically significant fall in the CGI‑S score 
after 4 weeks of intervention (P < 0.0001) [Table 1]. 
The mean CGI‑I score after 4 weeks of intervention was 

Measures of clinical 
outcome and client 
satisfaction

observed 
values

P

Baseline CGI‑S score 4.455 (±1.028) <0.001
CGI‑S score after 4 weeks 1.545 (±0.963)
Mean CGI‑I score 1.89 (±0.993)
Mean CSQ‑8 score 24 (±4.1)
CGI‑S: Clinical Global Impression‑severity, CGI‑I: Clinical Global 
Impression‑improvement, CSQ‑8: Client Satisfaction Questionnaire‑8

Table 1: Sociodemographic and clinical details of 
subjects

Sociodemographic and clinical details
Variables Observed values
Mean age (years) 35.53 (±16.629)
Males (%) 56.3
Source of referrals (%)

Medicine 51.1
Neurology 11.1
Pulmonary medicine 10.9
Others 26.9

Psychiatric diagnosis (%)
No psychiatric illness 24
Organic mental disorder 19
Neurotic, stress‑related, and 
somatoform disorders

15

Affective disorders 14
Substance use disorders 13
Psychotic disorders 06
Others 09

Reasons for referral (%)
Co‑morbid psychiatric problems 32.6
Intentional self‑harm 30.3
Medically unexplained 
symptoms

19.3

Past psychiatric history 9.1
Substance‑related problems 8.1
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1.89 (±0.993), indicating that the patients showed “much 
improvement” at the end of 4 weeks.

The mean CSQ‑8 score of the referred patients after 
4 weeks of treatment was 24 ± 4.1, which denotes a good 
level of client satisfaction. On assessing the correlation 
between the clinical improvement (mean CGI‑I score) 
and client satisfaction (mean CSQ‑8 score), there was a 
strong negative correlation between the CGI‑I and CSQ‑8 
scores (r = −0.79). Indicating that, better the clinical 
improvement, higher the client satisfaction.

Discussion
In the current study, more than half (58.5%) of the patients 
were from medicine and allied branches, a finding common 
to many earlier studies from India and neighboring 
countries [Table 2].[2,15‑17] The reasons are (1) due to poor 
information, awareness, and acceptance of psychiatric 
disorders, many patients initially consult general medical 
OPDs (2) The patients of deliberate self‑harm, who formed 
a large proportion of patient sample in the present study 
were also managed in the department of medicine, which 
is a universal practice (3) High comorbidity of psychiatric 
disorder in patients admitted in medical wards is confirmed 
by studies done earlier also.[18‑20] The second most common 
source of referral in the present study was the Departments 
of Neurological Sciences (combined neurology and 
neurosurgery), this can be explained by the fact that many 
psychiatric problems such as pseudo seizures, dissociative 
motor disorders, and sensory disorders resemble 
neurological disorders. Studies have estimated that about 
15% of the patients seen by neurologist have no physical 
base for their symptoms and in another 15%, the symptoms 
are out of proportion to the cause.[21,22]

The implications of the above findings are that more 
attention is needed in strengthening the liaison services with 
departments of medicine and the neurological specialties. If 
liaison model cannot be introduced in all the departments 
of teaching hospitals in our country, at least, a liaison 
psychiatrist can be posted in these departments (considering 
that we have enrolled patients only for 2 days a week, the 

actual number of patients referred from medicine can be at 
least 3 times more, that is more than 200/year, which is 
at least 4/week). Meanwhile the physicians, neurologists, 
and neurosurgeons should be impressed up on the issues of 
common psychiatric comorbidities and the consequences.

The most common reason for referral in the present study 
was the evaluation of co‑morbid psychiatric illness (32.6%), 
which is also consistent with the findings in a study by 
Malhotra 1984.[2] It is a known fact that chronic physical 
conditions have high psychiatric comorbidity in comparison 
to general population.[23‑25] As already discussed, studies have 
clearly established the high psychiatric comorbidity in general 
hospital set up. This fact is also reflected in the current 
study as the most common reason for referral is psychiatric 
comorbidity. Authors feel that adequate undergraduate 
training in psychiatry may help in better identification of 
psychiatric problems in these patients; it may also change the 
attitude of young doctors toward psychiatry.

The literature shows that the common diagnoses in CLP 
set‑up in Western population are mood disorders and 
neurotic, stress‑related disorders, where as in Indian 
population, organic mental disorder is more common. In 
the current study, among the patients with diagnosable 
psychiatric illness, most common diagnosis was of 
organic mental disorder (20%). Neurotic, stress‑related, 
and somatoform disorders were the next most common 
diagnostic group (15.56%), followed by affective 
disorders (14.07%) and substance use disorders (13.33%). 
The reasons for organic mental illness being more 
common in the present study are the current study is 
done in a government, tertiary care set up, and a good 
number of patients who land up here are either severely 
or terminally ill. Inclusion of only indoor patients is 
also a factor. Huyse et al. also observed that delirium is 
one of the main diagnostic groups referred to psychiatric 
consultation.[26] One more reason why Indian studies show 
a higher frequency of organic mental illness is that Western 
physicians are more comfortable with the management of 
this entity as compared to Indian counterparts.[15] Steps 
such as frequent psychosomatic grand rounds, symposiums 
between psychiatry and other specialties, and attempts 

Table 2: Comparison of this study findings with previous studies[2,15‑17,29,30]

Current 
study

Malhotra 
1984

Avasthi 
et al. 1998

Bhogale 
et al. 2000

Hyuse 
et al. 2001

Singh 
et al. 2009

Jian‑An Su 
et al. 2010

Medicine and allied specialties 58.5 58.05 45 73.5 ‑ ‑ 60.4
Neurological specialties 14.8 ‑ 14.9 6.48 ‑ ‑ ‑
Surgery and allied specialties 11.8 31.25 22 9.73 ‑ ‑ 30.6
Organic mental disorders 19 19.84 25.5 ‑ 17.7 7.4 23.7
Substance use disorders (%) 13 1.78 6.7 ‑ 13.3 14.5 11.7
Psychotic disorders (%) 6 6.84 11.2 ‑ 4.4 1.4 4.7
Affective disorders (%) 14 ‑ ‑ ‑ 18.7 26.9 29.6
Neurotic stress‑related disorders (%) 15 31.25 20.6 ‑ 25.2 24 14.4
Personality disorders (%) 3 0.89 ‑ ‑ 3.8 ‑ 0.7
No diagnosable psychiatric disorder (%) 31 25.29 14.8 ‑ 9.1 1.2 1.7

[Downloaded free from http://www.indjsp.org on Saturday, September 12, 2020, IP: 112.133.237.7]



Tekkalaki, et al.: Profile of patients and effect of intervention in C‑L set up

168 Indian Journal of Social Psychiatry | Volume 33 | Issue 2 | April-June 2017 

by referee psychiatrist to educate treating team regarding 
organic mental disorders may help in early identification 
and their prompt management.

About one‑fourth of the patients did not receive any 
psychiatric diagnosis in the current study. The findings of 
other Indian researchers were also similar [Table 2].[2,15,27] 
However in Western studies, the proportion of patients not 
receiving any psychiatric diagnosis was very small.[28,29] The 
possible reasons for larger proportion of the patients with no 
psychiatric illness in the present study may be that about 30% 
of the sample was made by patients of intentional self‑harm. 
Majority of these patients had no diagnosable psychiatric 
illness. Though personality disorders were looked for in 
these patients, only 4 (3%) patients received the diagnosis 
of a personality disorder. We feel that use of structured 
interviews, screeners, or diagnostic scales would have helped 
in identifying more personality and other disorders.

Pharmacotherapy was the most widely used treatment 
modality in our study, which is comparable to many 
previous studies.[2,15,16] Only about 17% of patients 
were given psychotherapy (supportive psychotherapy) 
in an Indian study by Malhotra.[2] Worth noting here is 
the observation made by Avasthi et al. that one of the 
reasons for dissatisfaction with current CLP practice 
is exclusive reliance on pharmacotherapy.[15] Type of 
the patients seen in CLP set up is one of the factors. 
Agitated and delirious patients and patients with severe 
physical illness commonly come across in our set up, 
who often require pharmacological management. The 
attitude of Indian patients also influences the treatment 
chosen by the therapist. Indian patients expect that the 
therapist would follow a medical model rather than a 
psychological approach. They also expect him to play an 
active authoritative role, making it difficult to maintain 
“therapeutic neutrality.”[30] More importantly, structured 
psychotherapies in CLP set up may not be possible in the 
current scenario due to lack of expertise and manpower.

The treatment effectiveness of CLP is being discussed off late, 
due to increasing focus on evidence‑based practice. Lipowski 
suggested the following parameters to assess the effectiveness 
of CLP services: reduction in the cost of medical care, staff 
and patient feedback, effects on length of stay, concordance 
with recommendations, utilization of laboratory tests, relief 
of patient symptoms, and social functioning after discharge.
[31] In a recent systematic review, Wood and Wand included 
40 studies, which have assessed one or more of the following 
measures of treatment cost effectiveness, staff satisfaction, 
patient satisfaction, concordance, and outcome at follow‑up. 
They identified the scarcity of literature in this area and the 
notable disparities and variable measurements used to gauge 
the effectiveness of CLP services.[11]

In our study, we have assessed the effectiveness of CLP 
services by using two parameters, i.e., outcome at the 
follow‑up and patient satisfaction.

Baseline severity was assessed using CGI‑S. Attrition 
analysis showed that there was no statistically significant 
difference between the baseline severity of the patients 
who completed the study and those who were lost to 
follow‑up (P = 0.7415, t = 0.3308). Hence, the effect of 
intervention can be generalized to the patients attending 
CLP set up.

There was a statistically significant reduction in the mean 
CGI‑S scores after 4 weeks (t = 16.356; P < 0.001). Mean 
CGI‑I score after 4 weeks was 1.89 (±0.993), indicating 
that the patients were “much improved” after 4 weeks of 
intervention.

Wood and Wand identified three follow‑up studies measuring 
the treatment outcome.[11] There were contradictory results, 
with only one study reporting a clear‑cut benefit. The 
discrepancy is because of differences in the study design 
and tools used. Malhotra have observed that over 90% of the 
treating teams found the psychiatric service to be useful.[2]

Patients reported a good level of satisfaction with CLP 
services in this study. Wood and Wand have observed a wide 
range of patient satisfaction ranging between 30% and 88%.
[11] The reason for this variability is again differences in the 
study design and tools used. They also observed that the 
questions asked to assess patient satisfaction lacked attention 
to specific aspects of patient care. In contrary, the tool used in 
this study (CSQ‑8), is well validated for use in mental health 
care set up.[32] The fact that Hindi version is not validated, 
should be considered while interpreting these results.

However, the level of satisfaction of referred patients in the 
present study is comparatively low (mean CSQ‑8 score 24, 
standard deviation 4.10), compared to other studies (which 
have used CSQ‑8) done in community mental health 
services in the United States.[33] The probable reasons 
may be that present study is done in a CLP set up, where 
patients’ primary problems were not psychiatric in most 
of the patients, and we were not the primary therapists. 
The differences in treatment set up and limited resources 
available in CLP are other possible reasons. In addition, 
unlike the studies quoted above, current study is done in 
a tertiary care center, where relatively more severe patients 
seek help leading to a general low level of satisfaction.

Strengths of current study
• This is a short‑term follow‑up study in CLP set up, and 

is the first study of its kind
• Reasonable sample size and satisfactory follow‑up for 

meaningful interpretation
• Effect of intervention was measured using standardized 

tools.

Limitations of the current study
• No standardized diagnostic tools were used for 

assessment; diagnosis was based on routine clinical 
interview
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• Inclusion of only inpatients makes it difficult to 
generalize the findings of present study to CLP set up 
in general

• As the Hindi version of CLP‑8 was not validated, 
findings of client satisfaction cannot be confidently 
generalized.

Conclusion
Majority of patients were referred from internal medicine, 
followed by neurological sciences. About 24% of patients 
had no diagnosable psychiatric disorder. Organic mental 
disorders were the most common diagnostic group among 
patients having psychiatric disorders. Common reasons 
for referral were evaluation of medical patient having 
co‑morbid psychiatric symptoms, followed by assessment 
for intentional self‑harm, past history of psychiatric 
illness, and substance use. Intervention (pharmacological, 
nonpharmacological, or combined) with patients having 
psychiatric disorders was found to be significantly 
beneficial. Patients reported moderate to high level of 
satisfaction with the services provided.
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Introduction 

Humans derive iron from their everyday diet, 
predominantly from plant foods and the rest from 
foods of animal origin. Iron is found in food as either 
haem or non-haem iron.  Haem iron, which is about 
up to 40 per cent of the iron in meat, poultry, and 
fish, is well absorbed.  All the iron in plants (fruits, 
vegetables, grains, nuts) is in the form of non-haem 
iron and is relatively poorly absorbed. Non-haem 
iron contributes about 90-95 per cent of total daily 
iron in vegan diets. In western countries,the intake 
of haem iron from meat and meat products accounts 
for bulk of the dietary iron. The haem iron 
consumption is minimal in developing countries with 
majority obtaining non-haem iron from cereals, 
pulses, vegetables and fruits'. The diets is plagued by 
low iron content and poor absorption. Major sources 
of non-haem iron are plant foods. The iron is 
chemically diverse, ranging from simple iron oxides 
and salts to more complex organic chelates such as 
hydroxyphosphates in phytoferritin(1). 
 
Iron Bioavailability and Type of Foods 
Bioavailability of non-haem iron from commonly 
consumed plant based diets is estimated to be low 
due an abundance of phytic acid and polyphenols 
coupled with lowered consumption of meat or 
ascorbic acid. The subjects consuming plant-food 
based diet (vegan diet) are predisposed to 
developing iron deficiency anaemia. The majority of 
dietary non-haem iron enters the GI tract in the ferric 

form, which is insoluble and thus inaccessible. This 
needs to be converted to the ferrous form for 
absorption at the enterocyte. The acidic pH is 
essential and critical for iron to be in the soluble 
ferrous form which in turn determines its 
subsequent intestinal bio-accessibility (2). 
Bioavailability of food iron is strongly influenced by 
enhancers and inhibitors in the diet. Presently, there 
is no satisfactory in vitro method for predicting the 
bioavailability of iron in a meal. Iron absorption can 
vary from 1% to 40%, depending on the mix of 
enhancers and inhibitors in the meal. The 
bioavailability of iron in usual diets can be improved 
by altering meal patterns to favour enhancers, lower 
inhibitors, or both(2). 
Enhancers of iron absorption include haem iron, 
present in meat, poultry, fish, and seafood; ascorbic 
acidpresent in fruits, juices, potatoes and some other 
tubers, and other vegetables such as green leaves, 
cauliflower, and cabbage; and   some fermented or 
germinated food and condiments, such as 
sauerkraut and soy sauce (cooking, fermentation, or 
germination of food reduces the amount of 
phytates). Inhibitors of iron absorption include 
phytates, present in cereal bran, cereal grains, high-
extraction flour, legumes, nuts, and seeds; food with 
high inositol content; iron-binding phenolic 
compounds (tannins). Foods that contain the most 
potent inhibitors resistant to the influence of 
enhancers include tea, coffee, cocoa, herbal 
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infusions in general, certain spices (e.g. oregano), 
and some vegetables; and calcium, particularly from 
milk and milk products. Iron and phytate content are 
negatively correlated to iron availability. The diets 
with rice (low in iron and phytates) as staple had 
better availability of iron as compared to diets with 
Bajra (high in iron, phytate) as staple (3). 
Excessive levels of hepcidin, a hormone which 
regulates iron, which can be elevated due to 
inflammation; and the biological factors which can 
influence that impact the body’s ability to absorb any 
nutrient likegastrointestinal disorders,“chronic low 
grade inflammation and infections” can also reduce 
absorption of iron (3). 
 
Iron Absorption and Types of Diet 
The iron absorption is related to the individual's iron 
status. More iron is absorbed by iron-deficient 
persons and less by those who are iron-replete, 
although the regulatory mechanism involved is not 
understood. Unfortunately, this adaptive increase in 
iron absorption is not great enough to prevent 
deficiency in people consuming diets typical of the 
developing world(3). 
The broad categories of diets as per the iron 
bioavailability may be characterized as follows. 
Low bioavailability diet. This is a simple, monotonous 
diet based on cereals, roots and tubers with 
negligible quantities of meat, fish or ascorbic acid. It 
contains a preponderance of foods that inhibit iron 
absorption such as maize, rice, beans, whole wheat 
flour and sorghum, and is typical diet of many 
developing countries, particularly among poorer 
people. There are some diets from which iron 
absorption is even lower. The very low bioavailability 
diets is composed almost entirely of cereals and iron 
absorption may be as low as 3-4%(4). 
Intermediate bioavailability diet. Diets in this 
category consist mainly of cereals, roots or tubers, 
but include some foods of animal origin and/or 
ascorbic acid. A low bioavailability diet can be 
brought up to intermediate bioavailability by 
increasing the intake of foods that enhance iron 
absorption such as meat, fish or foods rich in ascorbic 
acid. Similarly, a high bioavailability diet can be 
reduced to an inter-mediate level by the regular 
consumption of meals with iron absorption 
inhibitors such as tea or coffee. 
High bioavailability diet. This is a diversified diet 
containing generous quantities of meat, poultry, fish, 
or foods rich in ascorbic acid. Such a diet is typical of 

most population groups in industrialized 
countries(3). 
The subjects consuming a low bioavailability diet, are 
not be able to meet their iron requirements at a food 
consumption level which is adequate for their energy 
needs. This is especially true for young children, 
adolescent girls, menstruating adult females, and 
pregnant women(3). 
 
Major determinants of iron absorption  
Dietary factors: 
1. Factors that enhance non-haem iron absorption: 

Ascorbic acid (vitamin C) 
Meat, poultry, fish and other sea foods 
Low pH (e.g., lactic acid) 

2. Factors that inhibit non-haem iron absorption: 
Phytates 
Polyphenols, including tannins 

Host factors: 
1. Iron status 
2. Health status (infections, malabsorption) (3) 
 
Methods of Food Preparation and Processing and 
Bioavailability of Iron (3) 
 
The methods of food preparation and processing 
influence the bioavailability of iron. Cooking, 
fermentation, or germination can, by thermal or 
enzymatic action, reduce the phytic acid and the 
hexa- and penta-inositol phosphate content. All 
inositol phosphates inhibit iron absorption in 
proportion to the total number of phosphate groups. 
Processing procedures that lower the number of 
phosphate groups improve bioavailability of non-
haem iron. 
 
The absorption of dietary iron is influenced by the 
amount and chemical form of the iron, the 
consumption during the same meal of factors 
enhancing and/or inhibiting iron absorption, and the 
health and iron status of the individual. 
Contamination iron usually has a very low 
bioavailability. One exception is the iron derived 
from cooking pots. Iron compounds that are used for 
food fortification vary considerably in bioavailability. 
Easily soluble compounds, for example, ferrous 
sulfate, are readily available but often discolour the 
food or turn it rancid. Other compounds such as 
metallic iron powders are only partially available, but 
usually cause fewer such technical problems (4). 
 



INDIAN JOURNAL OF COMMUNITY HEALTH / VOL 29 / ISSUE NO 04 / OCT - DEC 2017 [Bioavailability & absorption] | KapilR et al 

455 

Non-haem iron from foods is absorbed in a 
fundamentally different way from haem iron. 
Haem iron is readily available and may account for as 
much as one-quarter of the iron absorbed from a diet 
rich in meat. Its bio-availability is little affected by the 
nature and composition of a given meal. In contrast, 
the absorption of non-haem iron is highly variable 
and depends on what other foods are eaten with the 
meal, especially on the balance between foods that 
promote and those that inhibit iron availability. 
 
Enhancers of Iron Absorption  
Iron absorption is thus strongly influenced by the 
combination of foods eaten in a given meal. The 
meat and fish are enhancers of iron absorption. This 
means that they are of double value. Not only do 
they directly contribute rich amounts of haem iron, 
but they also enhance the absorption of the non-
haem iron present in the rest of the meal. Ascorbic 
acid (vitamin C) is another enhancing factor. In 
developing countries, where meat intake is low, 
ascorbic acid is the single most important enhancer 
of iron absorption. Adding as little as 50 mg of 
ascorbic acid to a meal, whether in pure form or in 
vegetables or fruits (for example, an orange or a 
lemon, or 100 g of cabbage, or 200 g of amaranth), 
will double iron absorption(3). 
 
Inhibitor of the absorption of iron  
Many compounds are known to inhibit the 
absorption of iron, among them phytates, 
polyphenols (including tannins), and soy protein. Soy 
protein can impair iron absorption under certain 
circumstances, especially when it is used as a meat 
substitute. However, because of the intrinsically high 
iron content of soy protein products, the net effect 
of their addition to a meal increases the total amount 
of iron absorbed. Phytates are present in wheat and 
other cereals. Even very small amounts of phytate 
markedly reduce iron absorption. Fortunately, this 
inhibitory effect can be counteracted with ascorbic 
acid(3). 
 
Tannins, which are present in tea and to a lesser 
extent in coffee, are also iron absorption inhibitors. 
Other polyphenols are found in nuts and legumes. 
Once again, the inhibitory effect of all polyphenols 
can be counteracted by adding ascorbic acid to the 
meal. For example, 0.17 mg of iron is available from 
a meal consisting of maize, rice and black beans, but 
if vitamin C is added in the form of pure ascorbic acid 

(50 mg) or cauliflower (125 g), the amount of iron 
absorbed increases respectively to 0.41 mg or to 0.58 
mg. Drinking of tea, especially strong tea, with or 
shortly after the meal has a marked inhibitory effect 
on iron absorption. The inhibitory effect of tannins 
could be avoided by encouraging people to wait until 
after the meal before drinking tea or coffee. In 
general, however, it may be culturally more 
acceptable to encourage the addition of an 
absorption enhancer to the meal than to discourage 
consumption of an inhibitor(2). 
 
Iron Absorption and Parasitic Infestations 
There is evidence that the total number of parasites 
can interfere with the absorption of iron and 
othernutrients, particularly if the worm load is 
heavy; this has been shown for Giardia, which 
reduces iron absorption(5).  
 
Absorption of iron during Pregnancy and Infancy 
 
Pregnancy  
A total amount of about 700-850 mg of iron is 
needed to meet the iron requirements of a mother 
and fetus during pregnancy, at delivery, and during 
the peri-natal period. Iron needs during the first 
trimester are lower than pre-pregnancy needs; they 
increase to maximum during the second half of the 
pregnancy and especially during the last trimester. 
For unknown reasons, dietary iron absorption in 
iron-sufficient women is reduced during the first 
trimester and increased in the second half of 
pregnancy. The average woman of reproductive-age 
needs about 350-500 mg additional iron to maintain 
iron balance during pregnancy. Potentially, this iron 
could be provided either from the mother’s iron 
stores or from iron supplements. However, this 
additional iron do not come from iron stores, as 
women in developing countries very seldom have 
iron stores. Overall, iron absorption is increased 
during pregnancy, when menstruations stops. 
Pregnant women still do not absorb sufficient 
additional iron, however, and the risk of iron 
deficiency increases(2). 
 
In developing countries 25-30% of women have no 
iron reserves at all. Because the situation is 
especially serious among pregnant teenagers. 
Hence, all pregnant women (universal 
supplementation) should be given 60 mg iron and 
400 µg folic acid daily during the second half of 
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pregnancy to control iron deficiency anaemia. There 
is some evidence, however, that smaller doses of 30 
mg daily could achieve similar results(6,7). 
 
The folic acid is always given with iron during 
pregnancy due to increased folic acid requirement of 
pregnant women. Also, that iron and folic acid 
deficiencies are more common in pregnancy(8). 
 
Infancy 
Special considerations apply to iron needs during the 
first year of life. The iron content of human breast 
milk is low—about 0.5 mg per litre—but so is the 
term infant's iron requirement for the first 4-6 
months of life. An infant taking in 600-650 ml of 
breast milk daily is ingesting approximately 0.3 mg of 
iron per day. The bioavailability of this iron is quite 
high, however; as much as 0.15 mg of iron per day 
may be absorbed. From about 6 months of age, the 
iron requirements increase markedly and the supply 
from breast milk alone is no longer sufficient. Low-
birth-weight infants exhaust their iron stores at an 
earlier age and require additional exogenous iron 
before 6 months of age(2). 
 
Achlorhydria and Iron Absorption 
Achlorhydria has been recognized as an associated 
feature of iron deficiency anaemia for many years. It 
is, however, not known whether the extent of acid 
secretion is associated with the high prevalence of 
iron deficiency anaemia. Evidence for enhanced iron 
absorption in the presence of normal gastric acidity 
compared to cases of achlorhydria has been 
documented (1). A study was conducted in India in 
which the gastric acidity was measured in 3 different 
groups in India (Delhi, Vellore and Mumbai) and 
compared with that reported from western 
countries. The basal acid output in normal Indians is 
significantly lower (~pH 3.4) than that in western 
subjects (pH 2.5). This difference could compromise 
non-haem iron solubility and accessibility in Indians 
and can therefore be play a role in the aetiology of 
high anaemia prevalence in India(1). 
 
Vitamin C and Iron Absorption 
The ascorbic acid can make efficient absorption of 
dietary non-haem iron. However, the vitamin C 
intake is very low in vegan diets. Vitamin C becomes 
negligible upon cooking due to the thermal 
instability of ascorbic acid. 
 

Over Absorption of Iron 
Normal individuals have a mechanism for reducing 
iron absorption when iron stores are adequate that 
prevents iron overload in these subjects. In fact, food 
iron absorption in normal populations is estimated 
to be nearly nil when serum ferritin levels are greater 
than 60 mcg / l. 
 
Iron Absorption and Zinc Intake  
The adverse effects of zinc on iron absorption is 
induced by an iron: zinc ratio of 2: 1. This is 
aggravated by decrease in dietary ascorbate when 
the dietary phytate content is high (9,10,). 
 
Iron absorption and calcium Intake 
The influence of calcium supplements on the 
absorption of dietary nonheme iron and of iron 
supplements has been studied. Evidence suggests 
that all calcium supplements inhibited absorption of 
the iron supplement when taken with food.  Women 
taking regular calcium supplements with meals are 
not able to meet their daily iron requirement(11). 
 
Iron absorption and Coffee Intake 
Dual isotope studies were performed in iron replete 
human subjects to evaluate the effect of coffee on 
non-heme iron absorption. It has been found that a 
cup of coffee reduced iron absorption from a 
hamburger meal by 39% as compared to a 64% 
decrease with tea. Tea is also known to be a potent 
inhibitor of iron absorption. No decrease in iron 
absorption occurred when coffee was consumed 1 
hour before a meal(12). 
 
Vitamin A and Iron Absorption 
Evidence suggests that iron absorption increases (4- 
12%) depending on the content of carotene or 
vitamin A added to the meal(13). 

Conclusion  

The bioavailability of iron from foods is strongly 
influenced by enhancers and inhibitors in the diet. 
The absorption iron from the diet can vary from 1-
40%. The iron absorption can be doubled by 
changing the composition of diet like adding 
vegetables and fruits with ascorbic acid. The 
consumption of mixed vegetables diet alongwith 
seasonal fruits and vegetables can provide a 
sustainable absorption of iron leading to prevention 
of anemia.  
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Recommendation  

The food based guidelines to improve the absorption 
of iron can bring the sustainable solution to the 
problem of Anemia in different age groups. The 
addition of green leafy vegetables, cauliflower, 
cabbage, potatoes, germinated foods etc. should be 
part of the routine diet.  The meat, fish and other 
non-vegetarian foods increase the iron absorption, 
however, the cultural and religious factors should be 
considered before recommending them. The tea is 
known inhibitor of iron absorption. It should be 
avoided during and immediately after a meal.  

References 
1. K. Madhavan Nair and Vasuprada Iyengar. Iron content, 

bioavailability and factors affecting iron status of Indians, 
Indian. J Med Res 130, November 2009, pp 634-645 

2. WHO  2001 Iron Deficiency AnaemiaAssessment, 
Prevention, and Control A guide for programmemanagers . 
WHO/NHD/01.3 Distribution: General English only United 
Nations Children’s Fund  United Nations University   World 
Health Organization 

3. WHO  1989 Preventing and controlling iron deficiency 
anaemia through primary health care  :A guide for health 
administrators and programme managers World health 
organization Geneva 1989  

4. Balarajan, Yarlini, Usha Ramakrishnan, Emre Özaltin, Anuraj 
H Shankar, and Sv Subramanian. 2011. “Anaemia in Low-
Income and Middle-Income Countries.” The Lancet 378 
(9809): 2123–35. doi:10.1016/S0140-6736(10)62304-5. 

5. Albonico M, Stoltzfus RJ, Savioli L, Tielsch JM, Chwaya HM, 
Ercole E, Cancrini G. Epidemiological evidence for a 

differential effect of hookworm species, Ancylostoma 
duodenale or Necator americanus, on iron status of 
children. Int J Epidemiol. 1998 Jun;27(3):530-7. PubMed 
PMID: 9698148.[PubMed] 

6. Chanarin I, Rotman D. Further observations on the relation 
between iron and folate status in pregnancy. British 
Medical Journal, 1971, 2:81-84. 

7. Fogelholm M, Suominen M, Rita H. Effects of low-dose iron 
supplementation in women with low serum ferritin 
concentration. European Journal of Clinical Nutrition, 1994, 
48:753-756. 

8. Tee ES et al.  A study of the effectiveness of weekly iron 
supplementation in adolescent secondary school girls in 
Malaysia preliminary findings (abstract). 7th Asian Congress 
of Nutrition, 1995:127. 

9. Golden BE, Golden MHN. The detection of trace element 
deficiencies in the Third World. In: Momcilovii- B, ed. Trace 
elements in man and animals - TEMA 7. Zagreb, University 
of Zagreb, 1991: 14.5-14.6. 

10. Solomons NW, Jacob RA. Studies on the bioavailability of 
zinc in humans: effects of heme and nonheme iron on the 
absorption of zinc. Am J Clin Nutr. 1981 Apr;34(4):475-82. 
PubMed PMID: 7223699.[PubMed] 

11. J D Cook, S A Dassenko, P Whittaker  Calcium 
supplementation: effect on iron absorption.  Am J ClinNutr 
January 1991 53 (1), 106-111 

12. Morck TA, Lynch SR, Cook JD. Inhibition of food iron 
absorption by coffee. Am J Clin Nutr. 1983;37(3):416-20. 
PubMed PMID: 6402915.[PubMed] 

13. García-Casal MN, Layrisse M, Solano L, Barón MA, Arguello 
F, Llovera D, Ramírez J, Leets I, Tropper E. Vitamin A and 
beta-carotene can improve nonheme iron absorption from 
rice, wheat and corn by humans. J Nutr. 1998 
Mar;128(3):646-50. PubMed PMID: 9482776.[PubMed].

 

https://www.ncbi.nlm.nih.gov/pubmed/9698148
https://www.ncbi.nlm.nih.gov/pubmed/7223699
https://www.ncbi.nlm.nih.gov/pubmed/6402915
https://www.ncbi.nlm.nih.gov/pubmed/9482776


Journal of Clinical and Diagnostic Research. 2017 Sep, Vol-11(9): AC05-AC09 55

DOI: 10.7860/JCDR/2017/27887.10589 Original Article

Miscellaneous

Postgraduate Education

Letter to Editor

Short Communication

Images in Medicine
Experimental Research

Clinician’s cornerReview Article

Case Report

Case Series

A
na

to
m

y 
S

ec
tio

n Radiological Biometric Study of 
Metatarsals and Phalanges

INTRODUCTION
The distribution of forces and weight in the foot, either when a 
person is standing erect at one place or when walking, running and 
jumping, keeps shifting continuously, especially in the forefoot. All 
the metatarsal heads bear weight. The first metatarsal bears double 
the weight of each of the remaining four.  The weight is distributed 
in the ratio of 2:1:1:1:1 [1]. Even a minor variation in this ratio may 
have a bearing on the health of the individual and the quality of life. 
Structural variations of the foot, may be encountered as isolated 
defects as in Congenital Talipes Equinovarus (CTEV) or as part of a 
complex syndrome. Industrial and motor vehicle accidents affecting 
the foot may lead to alterations of lower extremity kinematics and 
may predispose the individual to characteristic musculoskeletal 
injuries [2,3]. Disturbance in the relative lengths and widths of the 
bony components of the forefoot may lead to pain in the feet, 
gait disturbances and subsequent inability to perform ones duties 
optimally. Restoring the lengths and widths of the metatarsals and 
phalanges to their correct measurements is crucial in achieving 
an optimal surgical outcome. Podiatric surgeons need to plan 
preoperatively the exact lengths to which a metatarsal is to be either 
lengthened or shortened [4].

Disorders of the forefoot bones may exist as part of familial or 
congenital syndromes [5]. Industrial injuries to the metatarsals are 
very common to the first and second metatarsals. Hallux valgus 
is one of the major disorders affecting the great toe, the exact 
incidence of which is difficult to estimate [6] and itself may tend to 
cause other forefoot abnormalities like corns, calluses, arthritis and 
metatarsalgia [7,8]. Various authors have described procedures on 

metatarsals for lengthening and shortening in an attempt to restore 
their correct functional lengths [9].

The objective of the present study was to measure the lengths 
and widths of metatarsals and lengths of phalanges of the feet, on 
standardized radiographs and to determine the possible correlation 
between the forefoot bones amongst themselves.

MATERIALS AND METHODS
Sixty healthy individuals (33 males and 27 females) above the age 
of 21 years (to allow for completion of ossification), were selected 
randomly for the study by adopting convenience sampling. The 
study was conducted between December 2008 and October 2009, 
after obtaining Institutional Ethical Committee approval and consent 
from the participants. They were healthy adults of the teaching 
institute in which the study was conducted. Subjects with history 
of major and/or long term injuries to the feet, past surgeries on the 
feet or those with long standing pain in the feet were excluded from 
the study.

Standardized Antero-Posterior (AP) radiographs of both feet of the 
individuals were taken. AP radiographs of both feet were taken one 
at a time. Subject was seated, foot was placed flat on the cassette 
and X-ray beam was centred on the base of third metatarsal which 
was identified by palpation. Source- Image receiver distance was 
fixed at 100 cm. Exposure factors were 46 kV and 6.5 mAS. The 
radiographic projection and positioning of the foot was strictly 
determined and adhered to, in order to minimize the influence of 
pronation and supination of the foot on the radiograph. Radiographic 
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ABSTRACT
Introduction: Several diseases affect the forefoot bones. 
Relative dimensions of the forefoot bones are important 
considerations for preoperative and postoperative assessment 
of surgeries. The choice of a particular surgery over another can 
also be made if the surgeon knows the length to which a bone 
needs to be lengthened or shortened in comparison to other 
bones of the forefoot.

Aim: To measure the dimensions of the metatarsals and 
phalanges on standardized radiographs and to determine 
possible correlations amongst them.

Materials and Methods: A cross-sectional prospective study 
was conducted on 60 volunteer participants of either sex. The 
dimensions of metatarsals and phalanges were measured on 
standardized radiographs of both feet in 60 healthy adults. The 
mean, range and standard deviation were calculated. Correlation 

analysis was done to assess the association between the 
variables.

Results: The first metatarsal was the shortest (56.42±4.41 
mm in males and 50.09±3.06 mm in females) and widest of 
all metatarsals (13.7±1.00 mm in males and 11.7±0.91 mm in 
females). The first proximal phalanx was the longest (28.0±2.40 
mm in males and 25.8±2.21 mm in females) and the fifth distal 
phalanx (5.2±1.33 mm in males and 4.4±1.03 mm in females) 
was the shortest of all phalanges. A strong correlation (p<0.001) 
exists amongst the lengths of metatarsals, proximal phalanges 
and middle phalanges, within their own groups.

Conclusion: Correlation of the lengths and widths of the 
forefoot bones amongst themselves and between types can be 
calculated mathematically utilising standardized radiographs. 
This helps in assessment of forefoot disorders, choose an 
appropriate surgical technique and postoperative evaluation.
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exposures of all the subjects were done by the same technician for 
uniformity. The radiographs were screened for readability.

measurement technique- Measurements were conducted 
on the radiographs using Vernier calipers (Mitutoyo, Japan, 
Least count - 0.01). Reference points for taking length and 
width measurements were fixed as described. Measurements 
for length were taken from the most distal point on the heads 
of metatarsals to the midpoint of the shadow of the articular 
surface on the bases. For the fifth metatarsal base, the midpoint 
of the articular surface excluding the styloid process was 
considered. Measurements for lengths of phalanges were taken 
from the middle of the articular surfaces both proximally and 
distally. Measurements for widths of all the bones were taken at 
mid-shaft level [Table/Fig-1].

[Table/Fig-1]: An Antero-Posterior radiograph of the foot showing the position of 
points of reference for taking measurements of the lengths and widths of metatar-
sals and lengths of phalanges.

STATISTICAL ANALySIS
The mean, range and Standard Deviations (SD) of different 
measurements were calculated. Correlation analysis was done to 
assess the association between different variables. The significance 
threshold was set at 0.05.

RESULTS
The mean age of males was 27.78 (21–36) years and that for 
females was 27.96 (21-37) years. Lengths of metatarsals and 
phalanges on standardized radiographs of both feet were measured 
and tabulated. The mean, SD and range were calculated [Table/
Fig-2,3]. Correlation of the lengths of the bones amongst their own 
group were calculated, i.e., metatarsals within themselves [Table/
Fig-4], proximal phalanges within themselves [Table/Fig-5], middle 
phalanges within themselves [Table/Fig-6] and distal phalanges 
within themselves [Table/Fig-7]. There was strong correlation in 
these groups within themselves.

The second and the first metatarsals were the longest and shortest 
metatarsals, respectively. The mean lengths of these were; 
first metatarsal- 56.42±4.41 mm and 50.09±3.06 mm; second 
metatarsal - 67.61±3.49 mm and 62.46±3.45 mm, in males and 
females respectively.

The longest phalanx in both the sexes was the first proximal phalanx 
(28.0±2.40 mm in males and 25.8±2.21 mm in females). The fifth 
distal phalanx (5.2±1.33 mm in males and 4.4±1.03 mm in females) 
was the shortest.

Widths of all metatarsals were measured and tabulated. The 
mean and SD and range were calculated [Table/Fig-8]. The widest 

metatarsal

length (mm) range (in mm)

male Female male Female

mean ± SD mean ± SD
maxi-
mum

mini-
mum

maxi-
mum

mini-
mum

MT1 56.42 ± 4.41 50.09 ± 3.06 66.10 46.39 57.84 43.80

MT2 67.61 ± 3.49 62.46 ± 3.45 77.55 60.54 69.25 55.47

MT3 65.88 ± 4.41 60.92 ± 2.99 77.85 57.16 68.57 54.27

MT4 66.52 ± 3.98 60.78 ± 2.91 75.02 58.70 66.54 54.28

MT5 64.32 ± 3.57 58.34 ± 2.90 72.72 57.69 64.54 51.10

[Table/Fig-2]: Mean, Standard deviation and range of lengths of metatarsals.
MT1, MT2, MT3, MT4 and MT5 – First, Second, Third, Fourth and Fifth metatarsals respectively

Phalanx

length (mm) range (in mm)

male Female male Female

mean ± SD mean ± SD
maxi-
mum

mini-
mum

maxi-
mum

mini-
mum

PP 1 28.0 ± 2.40 25.8 ± 2.21 34.24 23.48 28.97 14.48

PP 2 26.3 ± 2.08 24.2 ± 1.62 30.34 21.99 27.44 20.25

PP 3 24.6 ± 1.77 22.6 ± 1.51 28.67 20.62 26.38 18.37

PP 4 22.8 ± 1.67 20.9 ± 1.44 26.32 18.99 24.58 17.02

PP 5 21.3 ± 1.54 19.3 ± 1.31 25.07 16.99 22.50 15.78

MP 2 11.1 ± 1.81 9.3 ± 2.06 15.02 5.47 13.05 5.27

MP 3 9.7 ± 2.07 7.4 ± 2.17 13.73 5.18 12.63 4.65

MP 4 7.6 ± 1.92 5.8 ± 1.44 12.15 4.12 10.78 3.75

MP 5 5.8 ± 0.97 5.1 ± 0.81 8.85 3.55 7.53 3.61

DP 1 22.5 ± 1.85 20.8 ± 1.90 27.59 18.66 24.94 17.22

DP 2 6.9 ± 1.41 6.9 ± 1.32 11.62 4.03 10.97 3.73

DP 3 6.3 ± 1.51 6.3 ± 1.25 10.60 3.92 10.03 3.85

DP 4 5.6 ± 1.44 5.3 ± 1.23 9.07 3.57 10.16 3.54

DP 5 5.2 ± 1.33 4.4 ± 1.03 9.53 2.82 7.54 2.65

[Table/Fig-3]: Mean, Standard deviation and range of lengths of phalanges.
PP – Proximal phalanx, MP – Middle phalanx, DP – Distal phalanx, SD – Standard deviation

male Female

mt2 mt3 mt4 mt5 mt2 mt3 mt4 mt5

MT1
0.631 

(<0.001)
0.572 

(<0.001)
0.600 

(<0.001)
0.528 

(<0.001)
0.739 

(<0.001)
0.691 

(<0.001)
0.665 

(<0.001)
0.624 

(<0.001)

MT2 -
0.850 

(<0.001)
0.843 

(<0.001)
0.742 

(<0.001)
-

0.903 
(<0.001)

0.877 
(<0.001)

0.820 
(<0.001)

MT3 - -
0.856 

(<0.001)
0.802 

(<0.001)
- -

0.872 
(<0.001)

0.815 
(<0.001)

MT4
- - -

0.834 
(<0.001)

- - -
0.834 

(<0.001)

[Table/Fig-4]: Correlation matrix for lengths of metatarsals amongst themselves.
MT1, MT2, MT3, MT4 and MT5 – First, Second, Third, Fourth and Fifth metatarsals respectively. 
p-values are shown in parentheses

male Female

PP2 PP3 PP4 PP5 PP2 PP3 PP4 PP5

PP1 0.851 
(<0.001)

0.751 
(<0.001)

0.776 
(<0.001)

0.733 
(<0.001)

0.772 
(<0.001)

0.717 
(<0.001)

0.678 
(<0.001)

0.614 
(<0.001)

PP2
-

0.916 
(<0.001)

0.912 
(<0.001)

0.801 
(<0.001)

-
0.931 

(<0.001)
0.798 

(<0.001)
0.629 

(<0.001)

PP3
- -

0.934 
(<0.001)

0.775 
(<0.001)

- -
0.918 

(<0.001)
0.695 

(<0.001)

PP4
- - -

0.821 
(<0.001)

- - -
0.824 

(<0.001)

[Table/Fig-5]: Correlation matrix for lengths of proximal phalanges amongst 
themselves.
PP1, PP2, PP3, PP4 and PP5 – First, Second, Third, Fourth and Fifth proximal phalanges respec-
tively. p-values are shown in parentheses

metatarsal in the present study was the first metatarsal (13.7±1.00 
mm in males and 11.7±0.91 mm in females). The narrowest 
metatarsal was the third metatarsal (6.8±0.65 mm in males and 
5.9±0.57 mm in females). The correlation of the widths of metatarsals 
amongst themselves was not significant in most [Table/Fig-9].
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DISCUSSION
Measurements of the dimensions of the forefoot bones help in 
assessment of the severity of the disorder, planning of surgery, 
choosing one corrective procedure over another and also in 
postoperative assessments.

Measurement of Bones of the Forefoot
Morphometric studies of metatarsals and phalanges involve 
conducting measurements either directly on dry macerated 
bones or on radiographic films. Radiographic studies have been 
mainly on angle measurements for formulating theories of hallux 
valgus development, its preoperative assessment, the surgical 
techniques to be used for correction [9] and assessment of results 
of surgeries [10]. Researchers, in their review of the principles of 
osteotomies of the first metatarsal indicate the need for length 

measurements to choose the correct procedure [11]. Our study 
involves measurements of the dimensions of the bones of the foot 
on standardized radiographs in healthy adults.

Dogan A et al., found that the longest metatarsal was the fifth 
(72.10±5.55 mm in males and 68.56±3.19 mm in females) followed 
by second, third, fourth. In our study we found the second metatarsal 
to be the longest (67.61±3.49 mm in males and 62.46±3.45 mm in 
females) [5]. This difference is probably because we have not taken 
the styloid process of the fifth metatarsal into consideration. Dogan 
A et al., have not mentioned about the styloid process of the fifth 
metatarsal [5]. The shortest was the first metatarsal in the study 
by Dogan A et al., (8.89±0.79 mm in males and 7.83±0.72 mm in 
females) and this is in agreement with our findings [5]. In another 
study by Abdel Moneim WM et al., the lengths of the metatarsals (in 
centimeters) in males and females respectively was, first - 6.4±0.22 
cm and 5.1±0.12 cm, second - 7.0±0.38 cm and 6.1±0.12 cm, 
third - 7.0±0.12 cm and 6.4±0.09 cm, fourth - 6.9±0.88 cm and 
6.6±0.13 cm and fifth - 7.5±0.25 cm and 6.4±0.10 cm [12]. In this 
study, the points of reference for measurement of lengths of each 
metatarsal bone were the highest and the lowest points [12].

The widest metatarsal in studies by Dogan A et al., and Abdel 
Moneim WM et al., was the first metatarsal, which is the same as in 
our study [5,12]. The third was the narrowest metatarsal in the study 
by Dogan et al., (15.60±1.49 mm in males and 13.14±1.03 mm in 
females) and ours [5]. However, in the study by Abdel Moneim et al., 
the narrowest in males was the fifth metatarsal (0.89±0.1 cm) and 
that in females was the second metatarsal (0.57±0.08 cm) [5,12].

In our study, the longest of the phalanges, were first proximal phalanx 
and the shortest was the fifth distal phalanx. In the study by Dogan A 
et al., the longest and shortest phalanges were first proximal phalanx 
(31.81±2.76 mm in males and 28.29±2.56 mm in females) and 
fifth middle phalanx (7.78±1.46 mm in males and 6.59±0.90 mm in 
females) respectively [5].

Radiographic Analysis of the Feet
Utility and validity of radiographic measurements- Radiography a. 
is often the only investigative procedure required for evaluation of 
the feet. It is a cheap and rapid procedure with minimal adverse 
effects on the subject/patient and offers an easily retrievable 
medium of investigation. Assessment of the ‘metatarsal 
parabola’ and ‘metatarsal parabola angle’ is used to identify 
abnormal length of a metatarsal. The metatarsal parabola is 
constructed on an AP radiograph of the foot by connecting the 
distal ends of the first, second and the fifth metatarsals. The 
metatarsal parabola angle is the angle between a line joining the 
distal ends of the first and second metatarsals and a line joining 
the distal ends of the second and the fifth metatarsals. Various 
methods of determining the metatarsal parabola have been 
described [13]. Bilateral radiographs are useful, in assessing 
patients with multiple short metatarsals in one of the feet. With 
an AP radiograph and measurement of metatarsal parabola, 
the amount of lengthening can be determined. It has been 
noted that on a radiographic examination, a short metatarsal is 
typically deviated as compared to adjacent normal metatarsals 
[14].

AP, lateral, medial, oblique foot and ankle radiographs allow b. 
for accurate surgical planning and assessment of metatarsal 
deformities. Obtaining bilateral foot films can also be very helpful 
for surgical planning. Radiographic assessment of the short 
metatarsals on AP and lateral views is important for formulating 
a preoperative plan and in placement of the external fixator and 
the osteotomy level [9]. Researchers have elucidated the need 
for preoperative assessment of the lengths of the metatarsals 
[14]. Preoperative evaluation of radiographs, including 
the length measurements of metatarsals along with other 
parameters is important to ensure use of the most efficacious 

male Female

DP2 DP3 DP4 DP5 DP2 DP3 DP4 DP5

DP1 0.480 
(0.005)

0.471 
(0.006)

0.433 
(0.012)

0.282 
(0.112)

0.465 
(0.015)

0.592 
(<0.001)

0.460 
(0.016)

0.440 
(0.022)

DP2 - 0.929 
(<0.001)

0.871 
(<0.001)

0.711 
(<0.001)

- 0.864 
(<0.001)

0.712 
(<0.001)

0.737 
(<0.001)

DP3 - - 0.871 
(<0.001)

0.679 
(<0.001)

- - 0.885 
(<0.001)

0.826 
(<0.001)

DP4 - - - 0.822 
(<0.001)

- - - 0.853 
(<0.001)

[Table/Fig-7]: Correlation matrix for lengths of distal phalanges amongst them-
selves.
DP1, DP2, DP3, DP4 and DP5 – First, Second, Third, Fourth and Fifth distal phalanges respec-
tively. p-values are shown in parentheses

metatarsal

Width (mm) range (in mm)

male Female male Female

mean ± SD mean ± SD max min max min

MT1 13.7 ± 1.00 11.7 ± 0.91 16.54 11.62 14.01 9.03

MT2 7.6 ± 0.79 6.9 ± 0.72 9.74 6.54 8.94 5.57

MT3 6.8 ± 0.65 5.9 ± 0.57 6.36 5.58 7.60 4.81

MT4 7.1 ± 0.69 6.2 ± 0.38 9.53 5.83 7.25 5.23

MT5 8.1 ± 0.69 7.1 ± 0.67 9.69 6.93 8.52 5.72

[Table/Fig-8]: Mean, Standard deviation and range of widths of metatarsals.
MT1, MT2, MT3, MT4 and MT5 – First, Second, Third, Fourth and Fifth metatarsals respectively

male Female

mt2 mt3 mt4 mt5 mt2 mt3 mt4 mt5

MT1
0.062 
(0.730)

0.445 
(0.011)

0.468 
(0.007)

0.041 
(0.842)

0.070 
(0.730)

0.053 
(0.292)

0.310 
(0.116)

0.187 
(0.300)

MT2 -
0.486 
(0.005)

0.313 
(0.081)

0.348 
(0.051)

-
0.688 

(<0.001)
0.217 
(0.277)

0.226 
(0.256)

MT3 - -
0.713 

(<0.001)
0.230 
(0.205)

- -
0.525 
(0.005)

0.267 
(0.178)

MT4 - - -
0.522 
(0.022)

- - -
0.504 
(0.007)

[Table/Fig-9]: Correlation matrix for widths of metatarsals amongst themselves.
MT1, MT2, MT3, MT4 and MT5 – First, Second, Third, Fourth and Fifth metatarsals respectively.
p-values are shown in parentheses

male Female

mP3 mP4 mP5 mP3 mP4 mP5

MP2
0.784 

(<0.001)
0.635 

(<0.001)
0.390 

(<0.001)
0.819

 (<0.001)
0.746 

(<0.001)
0.571 

(<0.001)

MP3 -
0.806 

(<0.001)
0.563 

(<0.001)
-

0.778 
(<0.001)

0.519 
(<0.001)

MP4 - -
0.634 

(<0.001)
- -

0.774 
(<0.001)

[Table/Fig-6]: Correlation matrix for lengths of middle phalanges amongst them-
selves.
M1, MP2, MP3, MP4 and MP5 – First, Second, Third, Fourth and Fifth middle phalanges respec-
tively. p-values are shown in parentheses



Shrish Patil et al., Radiological Biometry of Metatarsals and Phalanges www.jcdr.net

Journal of Clinical and Diagnostic Research. 2017 Sep, Vol-11(9): AC05-AC0988

surgical procedure for correction of hallux valgus, in each 
patient. Preoperative AP radiographs of both feet have been 
used in assessing the immediate and long term outcome of 
surgeries for hallux valgus. Radiographic measurements of 
the first metatarsal and its phalanges compared between 
normal controls and patients with incipient hallux valgus 
limitus have revealed significant differences in relative first 
metatarsal protrusion, lengths and widths of first metatarsals, 
lengths of first and distal phalanges and total length of hallux 
[15]. In the evaluation of surgical techniques for correction 
of hallux valgus, preoperative and postoperative radiographs 
have been used by some researchers. Apart from angular 
measurements, length changes were also measured. Studies 
using radiographs of the feet have been used to propose 
newer theories and also to refute older theories of second 
metatarsal hypertrophy [16]. Newer surgical techniques 
and concepts have been devised utilizing radiographic 
assessments of procedures. Baek GH and Chung MS who 
earlier had viewed favourably, lengthening of metatarsal 
by using iliac bone graft; later along with Kim, utilizing 
preoperative radiographic measurements and planning could 
achieve the same surgical outcome by combined lengthening 
and shortening procedures without going in for bone graft 
harvest from a second site [17].

Conversion factors to quantify the amount of magnification imparted 
on a radiograph have been calculated using radiographic and direct 
measurements on preserved bone specimens. These factors are of 
value in the preoperative assessment of patients. Opposition to use 
radiographic measurements as the sole criterion for formulating 
treatment plans has been advanced by a few surgeons [18]. Some 
researchers prefer basing surgical corrections on intraoperative 
assessments rather than radiographic measurements. Even so, 
for assessing the outcomes of surgeries, they have relied on 
radiographic measurements in addition to clinical scoring systems 
[19]. The utility of using radiographic assessment of the feet 
in diagnosis and treatment of foot pathologies thus cannot be 
denied. 

Significance of Measurements in the Context of 
Surgeries on the Forefoot
Metatarsals may need either lengthening or shortening for correction of 
disabilities. Osteotomies of the forefoot are some of the most common 
procedures performed by both orthopaedic surgeons and podiatrists. 
One of the three criteria to achieve an ideal osteotomy is to maintain 
adequate length [20]. Hallux valgus, metatarsalgia and dislocations of 
the lesser metatarsophalangeal joints are some of the indications for 
surgeries. In such cases, preoperative measurement of all metatarsals 
and correlation between metatarsal lengths can be utilized.

The primary aim of surgeries on the metatarsals for correction of 
brachymetatarsia, metatarsalgia etc., is to restore the lengths of 
metatarsals according to the formula 1=2>3>4>5 [21,22].

Preoperative assessment of lengths of metatarsals is important in 
estimation: (i) of length of osteotomy required for a normal metatarsal 
parabola; (ii) of amount of shortening required (old 6=new10); (iii) 
for proper alignment of the lengthened metatarsal [23,24]; and (iv) 
to decide upon a particular technique of correction to be utilized. 
In multiple metatarsal surgeries [25] a lengthening of not more 
than 50% of the original length led to completely satisfactory 
clinical follow up with no serious or severe complications [22]. To 
avoid potential complications such as metatarsophalangeal joint 
subluxation, cavus foot and hallux valgus, the postoperative first 
metatarsal length should not exceed 40%-50% of the original 
length [26].

Preoperative and postoperative measurements of dimensions of 
metatarsals have been used in assessing the outcome of shortening 
osteotomies for plantar callosities, for assessing effectiveness of 

osteotomies and for information of the patient regarding risk of 
postoperative metatarsalgia in case a short metatarsal is already 
existing [27,28].

CONCLUSION
It is possible to arrive at a fixed correlation amongst the measurements 
of the bones of the forefoot. In our view, measurements of the 
metatarsals and phalanges both preoperatively and postoperatively 
when carried out on standardized AP radiographs will be helpful 
in: (a) clinical assessment of the forefoot disorders; (b) choice 
of surgical procedure to be employed; and in (c) evaluating the 
outcome of such a surgical procedure. If the lengths and widths of 
a forefoot bone are known, then the dimensions of the others can 
be calculated by using the correlation.
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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

Primary

To assess the relative effectiveness and produce a clinically meaningful hierarchy of first-line uterotonic drugs for the treatment of post-
partum haemorrhage (PPH).

Secondary

To assess the relative risks and produce side effect hierarchies of first-line uterotonic drugs for the treatment of PPH.
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Description of the condition

An estimated 303,000 women died in childbirth worldwide in 2015
(Alkema 2016). This equates to a 1 in 180 global lifetime risk of ma-
ternal death (WHO 2015). Postpartum haemorrhage (PPH) is the
leading contributor to maternal deaths, accounting for around 27%
of all cases (Say 2014). Even when death is avoided, the risk of ma-
jor maternal morbidity such as blood transfusion or hysterectomy
is substantial (Penny 2007; Carroll 2016). The long-term sequelae
of PPH can include anxiety, depression, and post-traumatic stress
disorder (Carroll 2016).

PPH is defined as blood loss in excess of 500 mL following birth
(WHO 2012). Many clinicians would identify a 500 mL blood loss as
a tipping point for progression to treatment (Mavrides 2016). How-
ever, because of the poor association of 500 mL loss with morbidi-
ty, others use 1000 mL or even PPH-related morbidity to define PPH
(Kerr 2016). Indeed, many clinicians report that they commence
treatment as soon as they are unhappy with the rate of bleeding,
rather than wait for any specific volume of loss (Hancock 2015).

The mainstay of management of PPH is to prevent it and, should
prevention fail, to treat it. A comparison between uterotonic drugs
to prevent PPH is covered by another Cochrane review and net-
work meta-analysis (Gallos 2015). A comparison between uteroton-
ic drugs to treat PPH is the subject of this review.

The World Health Organization (WHO) recommendation to use in-
travenous oxytocin as a first-line treatment is based on moder-
ate-quality evidence, and recommendations to use ergometrine or
prostaglandins are based on low-quality evidence (WHO 2012). The
UK's National Institute for Health and Care Excellence (NICE) guide-
lines also highlight the lack of robust evidence to guide recommen-
dations (NICE 2014). Consequently, in the UK there is a wide varia-
tion in the management of PPH, with several drugs used for treat-
ment (Al Wattar 2017). Hence, there is an urgent need to define the
most effective drug for the treatment of PPH.

Description of the intervention

PPH treatment is characterised by interventions to remedy the
cardinal cause(s) of haemorrhage. It particularly seeks to improve
uterine tone, and if necessary to repair any trauma, to remove the
placenta and membranes in entirety, and to correct the clotting
cascade (Coomarasamy 2016). In clinical practice uterotonic drugs
are administered to improve uterine tone as a primary factor, while
other issues are excluded or managed as secondary factors. Inter-
ventions such as surgery, embolization and/or compression have
been described, but this review will focus entirely on uterotonic
drugs because the relative treatment effects of these interventions
are particularly uncertain.

How the intervention might work

Uterotonic drugs work by increasing the contractility (tone) of the
uterus, thereby compressing the blood vessels of the myometrium
(smooth muscle tissue in the uterus) and reducing bleeding. Each
drug has its own unique side effect profile and mode of action, al-
though the end effect is increased uterine tone.

Oxytocin, a nine-amino-acid peptide, is widely regarded as the gold
standard treatment of PPH, although the optimal dose and route of

administration for treatment remain unclear (WHO 2012). Further-
more, there is clinical and laboratory evidence that whilst the first
dose of oxytocin is effective, repeated doses become increasingly
ineffective (Weeks 2015).

An analogue of oxytocin, carbetocin, which produces sustained
rather than rhythmic contraction of the uterus, is also used for the
treatment of PPH, but it has been evaluated largely for prevention
only (Su 2012).

Ergometrine is an ergot alkaloid that increases the muscle tone of
the uterus. It has long been used in both treatment and prevention
of PPH, although the optimum dose and route are debated (Liab-
suetrakul 2007). Syntometrine – a combination of oxytocin and er-
gometrine – has been advocated in the treatment of PPH for many
years (Mavrides 2016).

Misoprostol is a synthetic analogue of prostaglandin E1 with methy-
lation at C16. The use of misoprostol to treat PPH is recog-
nised, although the optimum route and dosage is also a mat-
ter of contention (Hofmeyr 2005). Carboprost is another synthetic
prostaglandin analogue of PGF2 with uterotonic properties, often
used in cases where oxytocin has already been used and a further
uterotonic is indicated (Bateman 2014).

Why it is important to do this review

Across the world, maternal mortality remains unacceptably high,
and excessive bleeding after childbirth is a leading cause. Although
maternal mortality risks are greatest in low-income settings, in re-
cent years a rise in the number of deaths from PPH in developed
healthcare settings serves to highlight that PPH is a global problem,
requiring ongoing effort to find solutions (Mehrabadi 2013). Active
management of the third stage of labour may reduce the amount
of bleeding and related morbidity (WHO 2012; Begley 2015), but re-
mains unlikely to completely prevent PPH, so the need to identify
effective treatment is urgent.

A Cochrane review has compared different uterotonic drugs for
treating PPH (Mousa 2014). Standard pair-wise meta-analyses can
only compare those treatments that have been directly compared
in head-to-head trials. Standard pair-wise meta-analyses do not
allow ranking of the various drugs. In the absence of a single
high-quality, randomised controlled trial comparing all uterotonic
agents, significant uncertainty remains about which is the most ef-
fective at treating PPH. In relation to a complex event such as PPH,
with several competing treatment options, not all of which have
been directly compared, a network meta-analysis may be better
able to allow for comparisons and conclusions about which utero-
tonic drug is most effective.

A network meta-analysis simultaneously pools all the available di-
rect and indirect evidence on relative treatment effects, to achieve
a single coherent analysis (Caldwell 2005; Caldwell 2010). Indirect
evidence is obtained by inferring the relative effectiveness of two
competing treatments through a common comparator. A network
meta-analysis produces estimates of the relative effects of each
treatment compared with every other in a network, even though
some pairs may not have been directly compared, and has the
potential to reduce the uncertainty in treatment effect estimates
(Caldwell 2010). It also enables calculation of the probability that
each treatment is the best for any given outcome, allowing rank-
ing of the various drugs. The proposed systematic review and net-
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work meta-analysis is important; we will identify and rank first-line
uterotonic drugs for the treatment of PPH and demonstrate gaps
in the direct evidence to guide clinical decision making and further
research.

O B J E C T I V E S

Primary

To assess the relative effectiveness and produce a clinically mean-
ingful hierarchy of first-line uterotonic drugs for the treatment of
postpartum haemorrhage (PPH).

Secondary

To assess the relative risks and produce side effect hierarchies of
first-line uterotonic drugs for the treatment of PPH.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include randomised controlled trials including cluster tri-
als of uterotonic drugs for the treatment of postpartum haemor-
rhage (PPH). Cross-over trials and quasi-randomised trials will be
excluded. The cross-over study design is inappropriate to investi-
gate the effectiveness of PPH treatment, and quasi-randomisation
rather than true randomisation brings an elevated risk of bias that
we wish to eliminate for the purpose of this review.

Types of participants

We will include studies involving participants delivering a baby (live
or stillborn) from 24 weeks of gestation with a diagnosis of PPH
within the first 24 hours (primary PPH). Studies with any partici-
pants giving birth before 24 weeks of gestation or women undergo-
ing termination of pregnancy will be excluded.

Types of interventions

Studies of first-line uterotonic drugs administered systemically for
the treatment of primary PPH will be included. These drugs may
comprise oxytocin, ergot alkaloids, misoprostol, carbetocin or car-
boprost, or combinations of them. Systemic administration may
comprise sublingual, subcutaneous, intramuscular, rectal, inhaled,
nasal, oral or intravenous (both bolus and/or infusion) routes.
We will include studies comparing uterotonic drugs against oth-
er uterotonic drugs or placebo. Studies comparing other interven-
tions including non-uterotonic drugs such as tranexamic acid will
be excluded.

Types of outcome measures

We will estimate the relative effects and ranking of the compet-
ing interventions according to the following primary and secondary
outcomes.

Primary outcomes

• Number of participants with additional blood loss of more than
500 mL after recruitment to cessation of active bleeding.

• Composite outcome of maternal death or severe morbidity (e.g.
hysterectomy, any organ dysfunction, transfer to higher level of
care, coagulopathy, shock as defined by trialists).

Secondary outcomes

• Number of participant deaths.*

• Number of participants requiring additional uterotonics.*

• Number of participants with additional blood loss of more than
1000 mL after recruitment to cessation of active bleeding.*

• Number of participants having additional surgical procedures
(e.g. hysterectomy, balloon insertion, pack insertion, arterial lig-
ation, embolization and compression sutures).*

• Number of participants requiring blood transfusion or other
blood products.*

• Mean additional blood loss (mL).

• Change in haemoglobin measurements before and after deliv-
ery (g/L).

• Number of participants experiencing side effects: hyperther-
mia (temperature above 38°C), hypothermia (temperature be-
low 36°C), nausea, vomiting, hypertension, headache, shivering,
tachycardia, arrhythmia, diarrhoea and abdominal pain.

• Number of participants reporting a sense of wellbeing, accept-
ability and satisfaction of the intervention.

• Number of participants breastfeeding on discharge.

(*denotes top five secondary outcomes of interest.)

Search methods for identification of studies

The following methods section of this protocol is based on a stan-
dard template used by Cochrane Pregnancy and Childbirth and the
recent protocol adaption for multiple interventions suggested by
Chaimani and colleagues (Chaimani 2017).

Electronic searches

We will search Cochrane Pregnancy and Childbirth’s Trials Register
by contacting their Information Specialist.

The Register is a database containing over 22,000 reports of con-
trolled trials in the field of pregnancy and childbirth. For full search
methods used to populate Pregnancy and Childbirth’s Trials Regis-
ter including the detailed search strategies for CENTRAL, MEDLINE,
Embase and CINAHL; the list of handsearched journals and confer-
ence proceedings, and the list of journals reviewed via the current
awareness service, please follow this link to the editorial informa-
tion about Cochrane Pregnancy and Childbirth in the Cochrane Li-
brary and select the ‘Specialized Register ’ section from the options
on the leN side of the screen.

Briefly, the Cochrane Pregnancy and Childbirth’s Trials Register is
maintained by their Information Specialist and contains trials iden-
tified 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 con-
ferences; and

6. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.
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Search results are screened by two people and the full text of all
relevant trial reports identified through the searching activities de-
scribed above is reviewed. Based on the intervention described,
each trial report is assigned a number that corresponds to a spe-
cific Pregnancy and Childbirth review topic (or topics), and is then
added to the Register. The Information Specialist searches the Reg-
ister for each review using this topic number rather than keywords.
This results in a more specific search set that will be fully account-
ed for in the relevant review sections (Included, Excluded, Awaiting
Classification or Ongoing).

In addition, we will search ClinicalTrials.gov and the WHO Inter-
national Clinical Trials Registry Platform (ICTRP) for unpublished,
planned and ongoing trial reports using the search terms described
in Appendix 1.

Searching other resources

We will screen the reference lists of studies identified for inclusion
in the review, and seek to obtain relevant manuscripts not retrieved
by the methods described above. We will also seek to obtain the
full texts of studies retrieved as abstracts. In cases where published
study reports do not contain sufficient information to determine el-
igibility for inclusion, or to extract the data required for analysis, we
will approach primary authors to obtain missing details. In cases
where the abstract has been published and the author incommu-
nicado, we will extract all relevant data from the abstract. We will
not apply any language or date restrictions when considering man-
uscripts for inclusion in this review.

Data collection and analysis

The following methods section of this protocol is based on a stan-
dard template used by Cochrane Pregnancy and Childbirth.

Selection of studies

Two review authors will independently assess for inclusion all the
studies we identify as a result of the search strategy. We will resolve
any disagreement through discussion or, if required, we will consult
a third person.

We will create a study flow diagram to map out the number of
records identified, included and excluded (Moher 2009).

Data extraction and management

We will design a form to extract data. For eligible studies, two re-
view authors will extract the data using the agreed form. We will re-
solve discrepancies through discussion or, if required, we will con-
sult a third person. We will enter data into Review Manager software
(RevMan 2014) and into Microsoft Access and check for accuracy.
When information regarding any of the above is unclear, we will at-
tempt to contact authors of the original reports to provide further
details. We will extract the following data.

Outcome data

We will extract primary and secondary outcomes listed above. All
relevant data will be extracted per trial arm.

Data on potential e�ect modifiers

Most prospective clinical studies of PPH have recruited women at
low risk of PPH, although most morbidity and mortality from the
condition occurs among those at high risk (e.g. emergency cae-

sareans, placental abruption, placenta praevia) (Weeks 2015). It is
therefore important to describe carefully the population of each
study and other effect modifiers, to identify the scope for general-
isability of the review findings as well as the research gaps.

We will further extract data that may act as effect modifiers, name-
ly: gestational age; parity of the participants; mode of delivery;
prior risk of PPH; uterotonic administration prior to enrolment;
dosage; route of drug administration; study setting; co-interven-
tions such as tranexamic acid and uterine massage; and randomi-
sation unit.

Other data

Finally, we will extract the following other data: country or coun-
tries, in which the study was performed; year of publication; num-
ber of participants randomised; exclusion criteria; type of publica-
tion (full text, abstract or unpublished data); trial registration refer-
ence; sufficient information to enable critical appraisal of the risk
of bias of each study, as described below.

Assessment of risk of bias in included studies

Two review authors will independently assess the risk of bias of
each study using the criteria outlined in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011), modified as ap-
propriate to the context of this review, and described below. We
will resolve any disagreement by discussion or by involving a third
assessor.

(1) Random sequence generation (checking for possible
selection bias)

We will describe for each included study the method used to gener-
ate the allocation sequence in sufficient detail to allow an assess-
ment of whether it should produce comparable groups. We will as-
sess 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); or

• unclear risk of bias.

(2) Allocation concealment (checking for possible selection bias)

We will describe for each included study the method used to con-
ceal allocation to interventions prior to assignment and we will as-
sess whether intervention allocation could have been foreseen in
advance of, or during recruitment. We will assess the methods as:

• low risk of bias (e.g. telephone or central randomisation; con-
secutively numbered sealed opaque envelopes);

• high risk of bias (open random allocation; unsealed or non-
opaque envelopes, alternation; date of birth); or

• unclear risk of bias (method unspecified).

(3.1) Blinding of participants and personnel (checking for
possible performance bias)

We will describe for each included study the methods used, if any,
to blind study participants and personnel from knowledge of which
intervention a participant received. We will consider that studies
are at low risk of bias if they were blinded, or if we judge that the
lack of blinding would be unlikely to affect results. We will assess
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blinding separately for each primary outcome. We will assess the
methods as:

• low, high or unclear risk of bias for participants; or

• low, high or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible
detection bias)

We will describe for each included study the methods used, if any, to
blind outcome assessors and study participants from knowledge of
which intervention was received. We will assess blinding separately
for each primary outcome. We will assess methods used to blind
outcome assessment as low, high or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data)

We will describe for each included study, and for each primary out-
come, the completeness of data including attrition and exclusions
from the analysis. We will state 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.

We will assess methods as:

• low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups or not exceeding 10% for the pri-
mary outcomes of the review);

• high risk of bias (e.g. numbers or reasons for missing data imbal-
anced across groups; ‘as treated’ analysis performed with sub-
stantial departure from the numbers of participants allocated to
each group at randomisation or in excess of 10% for the primary
outcomes of the review); or

• unclear risk of bias (exclusions or attrition unreported).

(5) Selective reporting (checking for reporting bias)

We will describe for each included study any inconsistency between
the prespecified study protocol (if available), the study methods
described in the study report, and the results listed in the study re-
port. We will assess the methods as:

• low risk of bias (where it is clear that all of the study’s prespec-
ified outcomes and all expected outcomes of interest to the re-
view have been reported);

• high risk of bias (where not all prespecified 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; or failure to report results of a key outcome
that would have been expected to have been included); or

• unclear risk of bias (prespecified study protocol unavailable).

(6) Other bias (checking for bias due to problems not covered by
(1) to (5) above)

(6.1) The method used to measure blood loss could generate bias.
We will describe the method used and classify it as:

• low risk of other bias (objective measurement such as weighing
swabs, drapes, etc.);

• high risk of other bias (subjective measurement such as visual
or clinical estimation); or

• unclear risk of other bias (unspecified method of measurement).

(6.2) The source of financial support for the study could generate
bias. We will describe the source of funding and classify it as:

• low risk of other bias (public funding or no external funding);

• high risk of bias (funding from individuals or institutions with
material interests in the findings); or

• unclear risk of other bias (unspecified source of funding).

(6.3) We will describe for each included study any declared conflicts
of interest and/or other important concerns about the risk of bias,
and classify these as:

• low risk of other bias (no conflicts of interest or other concerns);

• high risk of bias (conflicts of interest that generate concern); or

• unclear risk of other bias (uncertain influence of conflicts of in-
terest).

(7) Overall risk of bias

We will make explicit judgements about whether studies are at high
risk of bias, according to the criteria given in theCochrane Hand-
book (Higgins 2011). With reference to (1) to (6) above, we will as-
sess the likely magnitude and direction of the bias and whether we
consider it is likely to impact on the findings. We will explore the
impact of the level of bias through undertaking sensitivity analyses
(see Sensitivity analysis).

Measures of treatment e8ect

Relative treatment e�ects

We will summarise the relative treatment effects of dichotomous
outcomes with risk ratios (RRs) and 95% confidence intervals (CIs).
We will summarise the relative treatment effects of outcomes with
continuous scales of measurement with mean differences (MDs). If
different scales have been used we will use standardised mean dif-
ferences (SMDs) with 95% CIs. In the event of the target parameter
being a change in a continuous measure, such as change in haemo-
globin, we will where possible account for the within-patient corre-
lation between baseline and postpartum estimates (Dias 2013).

Relative treatment ranking

For each intervention we will estimate the ranking probabilities of
being at each possible rank. We will obtain a treatment hierarchy
using the Surface Under the Cumulative RAnking curve (SUCRA)
(Salanti 2011). Uncertainty intervals (95% CIs) around the ranking
of each treatment will be reported and considered when interpret-
ing the results. Each outcome will be evaluated to determine con-
fidence in the output of the network meta-analysis as described by
Salanti and colleagues (Salanti 2014).

Unit of analysis issues

Cluster-randomised trials

We will include cluster-randomised trials in the analyses along with
individually randomised trials. We will adjust their standard errors
using the methods described in the Cochrane Handbook, with an es-
timate of the intracluster correlation co-efficient (ICC) derived from
the trial (if possible), or (otherwise) from a similar trial or from a
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study of a similar population (Higgins 2011). If we use ICCs from oth-
er sources, we will report this and conduct sensitivity analyses to
investigate the effects of variations in the ICC. We will consider it
reasonable to combine the results if there is little heterogeneity be-
tween the study designs and if the randomisation unit could not
plausibly affect the effects of the interventions. However, we will
perform sensitivity analyses to assess the validity of such combina-
tion.

Cross-over trials

This type of trial is not appropriate for this intervention, and will be
excluded from the review.

Multi-arm trials

Multi-arm trials will be included and we will account for the corre-
lation between the effect sizes in the network meta-analysis. Mul-
ti-arm studies will be treated as multiple independent comparisons
in pair-wise meta-analyses.

Dealing with missing data

For included studies, we will note levels of attrition per primary out-
come (see also 'Incomplete outcome data' in Assessment of risk of
bias in included studies). We will explore the impact of including
studies with high levels of missing data in the overall assessment of
treatment effect by using sensitivity analysis (see Sensitivity analy-
sis).

For all outcomes, we will carry out analyses, as far as possible, on
an intention-to-treat basis, i.e. we will attempt to include all par-
ticipants randomised to each group in the analyses, and all partic-
ipants will be analysed in the group to which they were allocated,
regardless of whether or not they received the allocated interven-
tion.

Assessment of transitivity across treatment comparisons

We will assess the assumption of transitivity by comparing the dis-
tribution of potential effect modifiers across the different pair-wise
comparisons. We consider that the assumption of transitivity will
be likely to hold given that: the common treatment used to com-
pare different uterotonics indirectly is likely to be similar in differ-
ent trials (e.g. oxytocin is administered in a similar way in studies
of oxytocin versus misoprostol as it is in studies of oxytocin versus
carbetocin); and pair-wise comparisons are unlikely to differ in re-
spect of the distribution of effect modifiers (e.g. all trial designs and
characteristics are similar).

The assumption of transitivity will be evaluated by comparing
the clinical and methodological characteristics of sets of studies
grouped by treatment comparisons.

Assessment of reporting biases

In view of the difficulty of detecting and correcting for publica-
tion bias and other reporting biases, we will aim to minimise their
potential impact by ensuring a comprehensive search for eligible
studies and by being alert for duplication of data. If 10 or more stud-
ies are included in the network meta-analysis, we will use a compar-
ison-adjusted funnel plot to explore the possibility of small study
effects (a tendency for estimates of the intervention effect to be
more beneficial in smaller studies) (Chaimani 2013).

Data synthesis

Methods for direct treatment comparisons

We will perform standard pair-wise meta-analyses using a ran-
dom-effects model in STATA for every treatment with at least two
studies (DerSimonian 1986).

Methods for network meta-analysis

We will extract the sample size and number of outcome events per
trial arm, to be used in the Stata network suite of commands (White
2015). Once extracted, we will set up the data using the augmented
format, where all treatments are compared with a reference treat-
ment, and studies without the reference treatment have a refer-
ence treatment arm created with a small amount of data (White
2011). The augmentation process using arm-based values will cal-
culate the risk estimates of the comparisons with reference treat-
ment and their variances and covariances (White 2015).

Subgroup analysis and investigation of heterogeneity

Assumptions when estimating heterogeneity

In standard pair-wise meta-analyses we will assume different het-
erogeneity for each pair-wise comparison. In network meta-analy-
sis we will assume a common estimate for heterogeneity across the
different comparisons.

Measures and tests for heterogeneity

We will assess statistically the presence of heterogeneity within

each pair-wise comparison using the I2 statistic and its 95% CI that
measures the percentage of variability that cannot be attributed to
random error. We will assess statistically the presence of hetero-
geneity in the entire network based on the magnitude of the het-

erogeneity variance parameter (T2) estimated from the multivari-
ate meta-analysis model. The magnitude of the heterogeneity vari-
ance will be compared to empirical distributions for dichotomous
and continuous variables (Turner 2012; Rhodes 2015).

Assessment of statistical inconsistency

The statistical agreement between various sources of evidence in
a network of interventions should be evaluated by global and local
approaches in tandem with the evaluation of clinical homogeneity.

Local approaches for evaluation inconsistency

To evaluate the presence of inconsistency locally we will use the
node-splitting approach. The node-splitting technique will allow
two distinct components - direct evidence from direct comparisons
or multi-arm trials and indirect evidence based on the remaining
information (Dias 2010). The technique will be applied to all com-
parisons in the network and allow generation of graphics clearly
showing the difference between combined information, direct and
indirect comparisons.

Global approaches for evaluation inconsistency

To evaluate consistency in the entire network simultaneously we
will use the 'design by treatment' interaction model as described
by Higgins 2012, which will be implemented in STATA. This method
accounts for different sources of inconsistency that can occur when
studies with different designs (two-arm trials versus three-arm tri-
als) give different results, as well as for disagreement between di-
rect and indirect evidence. Using this approach, we will infer the
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presence of inconsistency from any source in the entire network

based on a Chi2 test.

Investigation of heterogeneity and inconsistency

If we find important heterogeneity and/or inconsistency, we will in-
vestigate the possible sources of such anomalies in respect of both
primary outcomes and secondary outcomes. If sufficient studies
are available, we will perform subgroup analyses by using the fol-
lowing factors as possible sources of inconsistency and/or hetero-
geneity.

• Population: mode of delivery; prior PPH risk (high or low) and
setting (hospital delivery or community delivery including home
birth).

• Intervention: dosage; route.

• Randomisation unit: cluster versus individual.

• Funding source: risk of bias.

• Methods of blood loss measurement: risk of bias.

• Overall risk of bias: studies will be ranked 'low risk of bias' if they
are double-blinded, and have allocation concealment with less
than 10% loss to follow up. Studies with assessor blinding and
less than 10% loss to follow up will be ranked 'intermediate risk
of bias'. Studies with no blinding or more than 10% loss to follow
up will be ranked as 'high risk of bias'.

If these subgroup analyses do explain the heterogeneity/inconsis-
tency we will note that the results should be treated with caution.

Subgroup analysis

Regardless of heterogeneity and/or inconsistency, in respect of pri-
mary outcomes we will perform the following subgroup analyses
by evaluating the relative effects and assessment of model fit.

• Mode of delivery (vaginal versus caesarean delivery).

• Prior PPH risk (low versus high risk).

• Setting (hospital versus community births).

• Intervention: dosage and route.

• Uterotonic administration prior to enrolment.

• Co-interventions (e.g. tranexamic acid, uterine massage).

Sensitivity analysis

For the primary outcomes we will perform the following sensitivity
analyses, as described previously.

• Overall risk of bias.

• Funding source.

• Objective versus subjective assessment of blood loss.

• Randomisation unit (cluster versus individual).

Differences will be assessed by evaluating the relative effects and
assessment of model fit.

‘Summary of findings’ table

We will assess the quality of evidence using the GRADE approach
outlined by Salanti and colleagues in order to assess the quality of
the body of evidence relating to the primary outcomes for all com-
parisons (Salanti 2014). In order to create the ‘Summary of findings’
tables we will use GRADEpro Guideline Development Tool to im-
port data from Revman 5 (RevMan 2014). We will use the GRADE ap-
proach to report the intervention effect for each of the above out-
comes.
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 Summary
 Background: Congenital pulmonary airway malformation (CPAM) is a relatively rare congenital anomaly with 

a wide spectrum of ultrasound features depending on the specific variety of CPAM. Antenatal 
ultrasound is a valuable, safe, nonionizing, cost-effective, widely available and easily reproducible 
imaging tool and is indispensable in the diagnosis of CPAM. In this paper, we aimed to report an 
atypical imaging presentation of CPAM type II in the second trimester, extensively involving all 
lobes of the left lung.

 Case Report: A 25-year-old G1P0A0 woman with a gestational age of around 22 weeks was referred for an 
anomaly scan. The antenatal ultrasound scan showed a single, live, intrauterine foetus 
corresponding to a gestational age of around 22 weeks and 4 days. There were multiple, anechoic 
structures noted within the pulmonary tissue in the left hemithorax, each measuring around 3 to 4 
mm in diameter. The lesion was extending from the left lower lobe up to the apical (apicoposterior) 
segment of the left upper lobe. The ultrasound diagnosis of congenital pulmonary airway 
malformation type II was made. After explaining the condition and the poor prognosis to the 
patient, an informed consent was obtained after she opted for medical termination of pregnancy.

 Conclusions: Congenital pulmonary airway malformation (CPAM) is an uncommon foetal anomaly with a very 
wide range of ultrasound appearances depending on the specific type of CPAM. CPAM also has 
a wide spectrum of differential diagnoses and a variable prognosis. Antenatal ultrasound should 
always be the primary mode of diagnosis in CPAM.
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Background

Congenital pulmonary airway malformation (CPAM) is a 
relatively rare congenital anomaly with a wide spectrum 
of ultrasound features depending on the specific variety of 
CPAM. Antenatal ultrasound is a valuable, safe, nonioniz-
ing, cost-effective, widely available and easily reproduc-
ible imaging tool and is indispensable in the diagnosis of 

CPAM. Despite the rarity of CPAM, it is imperative for a 
radiologist to be aware of its wide spectrum of presenta-
tion on antenatal ultrasound. In this paper, we aimed to 
report an atypical imaging presentation of CPAM type II 
in the second trimester, extensively involving all lobes of 
the left lung. We also discuss the role of ultrasound and 
other imaging modalities in CPAM as well as the differen-
tial diagnoses which can mimic CPAM.
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Case Report

A 25-year-old, G1P0A0, (Gravida 1, para 0, abortion 0) 
woman with a gestational age of around 22 weeks was 
referred to our Department of Radiodiagnosis for an anom-
aly scan. She had been in a non-consanguineous marriage 
for 4 years and 3 months. The patient and her husband had 
no present or past history of any significant medical illness. 
The patient denied exposure to any form of teratogenic 
substances such as ionizing radiation, medications, alcohol, 
tobacco, cocaine, lead, lithium, phenytoin, warfarin or val-
proic acid during present gestation. This pregnancy was a 
spontaneous conception. Clinically, the course of her first 
trimester was uneventful. General physical examination 
revealed a regular pulse of 84 beats per minute and blood 
pressure of 120/90 mm Hg. Haemoglobin was 12.9 gm%. 
She was negative for HIV and HBsAg serology.

B-mode, real-time transabdominal sonography and Doppler 
evaluation of the foetus was performed on GE VOLUSON 
730 PRO machine (GE healthcare, Milwaukee, USA) 
equipped with a 5 MHz curvilinear array, transabdominal 
transducer. All sonograms obtained were saved in a picture 
archiving and communication system.

The antenatal ultrasound scan showed a single, live, intrau-
terine foetus corresponding to a gestational age of around 
22 weeks and 4 days (Biparietal diameter=5.5 cm; Head cir-
cumference=19.8 cm; Abdominal circumference=18.0 cm; 
Femoral length=3.8 cm). The foetal heart rate was 158 
beats per minute. There was no evidence of congenital car-
diac anomalies. However, the cardia appeared to be mildly 
pushed to the right side. There was evidence of multiple, 
anechoic structures noted within the pulmonary tissue in 
the left hemithorax (Figures 1, 2). These cystic structures, 
each measuring around 3 to 4 mm in diameter, were com-
municating with each other. There was no communication 
of these structures with the proximal pulmonary airways. 
There was no single dominant cyst. The conglomerate 
size of this multicystic lesion was around 40×25×14 mm 
(craniocaudal x anteroposterior x transverse dimensions). 
This lesion was not restricted to a single segment or lobe 
as it could be visualized extending from the left lower lobe 
up to the apical (apicoposterior) segment of the left upper 
lobe (Figure 3). There was no evidence of any echogenic or 
hyperechoic structures within these cysts. The adjacent 
pulmonary tissue did not show sonological signs of seques-
tration. However, the volume of the left pulmonary tissue 
was significantly decreased due to the extensive compres-
sion by this multicystic lesion. The foetal thoracic circum-
ference (12.9 cm) was reduced. The CPAM mass-thorax ratio 
was found to be 0.37, and the CPAM volume ratio (volume 
of the mass divided by head circumference) was found to be 
1.42. On colour Doppler examination, there was no inter-
nal or peripheral vascularity of these lesions. There was no 
obvious ultrasound evidence of a systemic arterial supply 
to this lesion. The stomach bubble and the liver includ-
ing the branches of the portal vein were normal in loca-
tion (Figure 4). The diaphragm was intact and continuous 
along its complete extent. There was no inversion of the 
left hemidiaphragmatic contour due to the multicystic mass 
lesion. The remaining foetal parts including both kidneys 
were normal. There was mild polyhydramnios indicating 

early sequelae related to mediastinal herniation. There was, 
however, no evidence of hydrops fetalis. The foetal right 
lung appeared to be unremarkable on ultrasound. The ultra-
sound diagnosis of congenital pulmonary airway malforma-
tion type II (small cyst CPAM) was made.

After explaining the condition and the poor prognosis to 
the patient, in view of pulmonary hypoplasia, extensive 
involvement of the left lung and the mediastinal hernia-
tion, an informed consent was obtained after she opted for 

Figure 1.  Grey-scale transabdominal ultrasound image of the 
foetus in a transverse section showing multiple, anechoic 
structures (white, filled arrows) within the lower lobe of the 
left lung. The cardia (denoted by ‘C’) appears to be mildly 
pushed to the right side.

Figure 2.  Grey-scale transabdominal ultrasound image of the 
foetus in a transverse section showing multiple, anechoic 
structures (white, filled arrows) within the upper lobe of the 
left lung. These cystic structures, each measuring around 3 
to 4 mm in diameter, are communicating with each other. 
There is no single dominant cyst. The cardia (denoted by ‘C’) 
appears to be mildly pushed to the right side.
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medical termination of pregnancy. The autopsy confirmed 
all the above-mentioned ultrasound features.

Discussion

Congenital pulmonary airway malformation (CPAM) is 
a relatively rare congenital anomaly with an incidence 

of around 1 per 25,000 to 35,000 live births. It was first 
described by Ch’In and Tang in 1949 [1]. It is a hamar-
tomatous, dysplastic developmental abnormality of the 
lung characterized by abnormal airway patterning during 
lung branching morphogenesis and is formed by abnormal 
branching of the immature bronchioles [2,3]. CPAM occurs 
sporadically with a slight male predilection. CPAM was 
earlier referred to as CCAM (Congenital cystic adenoma-
toid malformation). However, the term ‘CCAM’ has become 
obsolete in the current context as these lesions are not 
always cystic in 2 (types 0 and III) out of 5 types and also 
are adenomatoid in only one (type III) out of 5 types [4].

Histopathologically, CPAM is classified into 5 types depend-
ing on the stage of developmental arrest of the tracheo-
bronchial tree. Type 0 lesions (<2% of CPAM cases) have 
a tracheal or bronchial origin, type 1 lesions (60–70% of 
CPAM cases) have a bronchial or bronchiolar origin, type 
2 lesions (15–20% of CPAM cases) have a bronchiolar ori-
gin, type 3 lesions (5–10% of CPAM cases) have a bronchi-
olar–alveolar duct origin and type 4 lesions (around 10% of 
CPAM cases) have a distal acinar origin [4,5].

In 1977, Stocker et al. proposed a classification of CPAM 
based on clinical, gross and microscopic criteria. According 
to this classification, there were three types of CPAM. 
CPAM type I lesions comprised of single or multiple cysts, 
measuring more than 2.0 cm in diameter and lined by cili-
ated pseudostratified columnar epithelium. CPAM type II 
lesions comprised of multiple small cysts, measuring less 
than 1.0 cm in diameter and lined by ciliated cuboidal to 
columnar epithelium. CPAM type III lesions comprised of 
a single, large, bulky, solid lesion lined by ciliated cuboi-
dal epithelium and separated by areas of alveolus-sized 
structures lined by non-ciliated cuboidal epithelium. In 
1985, Adzick et al. studied the natural history and patho-
physiology of CPAM detected prenatally by ultrasound. 
Based on gross anatomy, ultrasound findings and prognosis, 
they classified CPAM into microcystic lesions, which were 
measuring less than 5 mm and were associated with foetal 
hydrops and had a poor prognosis, and macrocystic lesions 
which were measuring more than 5 mm and were not usu-
ally associated with hydrops and had a favourable prog-
nosis. In 1999, Morotti et al. evaluated the cellular com-
position of different CPAM types by immunohistochemis-
try and divided CPAM into two major subtypes – subtype 
one consisting of CPAM types 1, 2 and 3 with a bronchiolar 
type of epithelium, and subtype two consisting of CPAM 
type 4 with an acinar-alveolar type of epithelium. In 2001, 
Bush proposed a classification based on histologic differ-
ences and named cystic, intermediate and solid congeni-
tal thoracic malformations. In 2003, Langston classified 
cystic lung lesions based on pathologic features due to air-
way obstruction during development into a large cyst-type 
lesions and a small cyst-type lesions [1].

The aetiopathogenesis of CPAM is still not completely 
understood, but molecular studies have shown that bron-
chial atresia plays an important role in its pathogene-
sis [6]. It is hypothesized that defects in the HOXB5 gene 
partially mediated by glial cell-derived neurotrophic fac-
tor (GDNF) are implicated in the pathogenesis of few 
cases of CPAM [7]. Abnormalities involving the thyroid 

Figure 3.  Grey-scale transabdominal ultrasound image of the 
foetus in a sagittal section showing the multicystic lesion 
extending from the left lower lobe (denoted by ‘L’) up to 
the apical (apicoposterior) segment (denoted by ‘A’) of 
the left upper lobe. The diaphragm (white, filled arrows) 
is continuous along its complete extent. There is no 
inversion of the left hemidiaphragmatic contour due to the 
multicystic mass lesion.

Figure 4.  Grey-scale transabdominal ultrasound image of the 
foetus in a transverse section showing normal position of 
the gastric bubble (asterix) and the liver (denoted by ‘L) 
including the branches of the portal vein (denoted by ‘P’). 
Foetal spine is denoted by ‘S’ in the image.
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transcription factor 1 (TTF1), fibroblast growth factor- 7 
(FGF 7), fibroblast growth factor 9 (FGF 9), fibroblast 
growth factor 10 (FGF 10), fatty acid-binding protein 7 
(FABP-7), Clara cell marker 10, SOX2 transcription factor 
and altered integrin cytoplasmic signalling have all been 
proposed as possible causative factors in the aetiopatho-
genesis of CPAM [1].

The natural course of CPAM varies from complete regres-
sion in utero to life-threatening hydrops fetalis. CPAM 
lesions are usually unilateral and involve a single lobe. 
Although there is no well-documented study regarding the 
lobar predilection, they appear to involve the middle lobe 
less frequently. Numerous co-morbidities associated with 
CPAM include pulmonary sequestration (hybrid lesion), 
renal agenesis, polyhydramnios, hydrops fetalis, bronchoal-
veolar carcinoma (with CPAM type I), pleuropulmonary 
blastoma (with CPAM type IV), mucoepidermoid carcino-
ma (with CPAM type I), tracheoesophageal fistula, agenesis 
of the corpus callosum, congenital cardiac defects includ-
ing atrial septal defect (ASD), ventricular septal defect 
(VSD), truncus arteriosus, tetralogy of Fallot (TOF) and 
patent ductus arteriosus (PDA) [8–11]. A recent study has 
also shown CPAM type II to be associated with congenital 
nephrotic syndrome (diffuse mesangial sclerosis), cleft lip 
and cleft palate [12].

The case discussed in our report was CPAM type II as the 
cysts within the pulmonary tissue in the left hemithorax 
were each measuring around 3 to 4 mm in diameter. It was 
an atypical presentation, because contrary to the typical 
involvement of a single lobe in CPAM, there was extensive 
involvement of the whole left lung extending from the left 
lower lobe up to the apical (apicoposterior) segment of the 
left upper lobe.

Ultrasound is a valuable, safe, nonionizing, cost-effec-
tive, widely available and easily reproducible imaging 
tool and is indispensable in the diagnosis of CPAM [13]. 
CPAM appears as an isolated cystic or solid intrathoracic 
mass lesion. In type 0 CPAM, the cysts are usually very 
small and arise from the trachea or the bronchus. In type 
I CPAM, there might be visualization of a single or multi-
ple cysts ranging from 2.0 cm to 10.0 cm in diameter with 
the presence of a dominant cyst. Sequelae related to sig-
nificant mass effect are seen in these cases due to the large 
size of lesions. In type II CPAM, there are multiple cysts 
ranging from 0.5 to 2.0 cm in size and around 60% of CPAM 
II cases have associated anomalies. Type III CPAM lesions 
appear highly echogenic due to the very small size of 
these cysts. Type IV CPAM lesions are seen as large cysts, 
mostly unilocular and measuring around 10 cm in diam-
eter. These cysts are indistinguishable from unilocular type 
I cysts on imaging. Therefore, the macrocystic variety of 
CPAM is seen in CPAM types I, II and IV. CPAM type III 
lesions are typically solid (microcystic CPAM). CPAM I is 
a large-cell CPAM and CPAM II is a small-cell CPAM vari-
ety. Antenatal ultrasound helps in throwing light on the 
anatomical location of the lesion, its relationship with the 
bronchial tree, number and size of the cysts and any coex-
isting pulmonary lesions such as pulmonary sequestration 
in case of a hybrid lesion. Colour Doppler helps in identi-
fying the presence or absence of systemic arterial blood 

supply, aiding in prenatal differentiation of CPAM from 
bronchopulmonary sequestration (which shows a feeding 
systemic artery). Hydrops fetalis is seen in cases of large-
sized CPAMs resulting in mediastinal shift and vena cava 
obstruction. There are three antenatal features that have 
been found to be highly specific for hydrops fetalis: CPAM 
mass-to-thorax ratio of 0.56, cystic predominance and dia-
phragmatic inversion [1]. Polyhydramnios is seen in cases 
of large CPAMs causing oesophageal compression. CPAM 
volume ratio (CVR) greater than 1.6 also helps in predict-
ing an increased risk of hydrops fetalis. CVR is the ratio 
of CPAM volume to the foetal head circumference. Around 
40% of CPAMs are known to increase as the gestational age 
advances until around 26 weeks of gestation, after which 
the growth plateaus. Microcystic CPAMs generally tend to 
regress while the macrocystic CPAMs do not regress [1].

Magnetic resonance imaging (MRI) helps in a better identi-
fication of the foetal anomalies. Unlike ultrasound, it is not 
operator dependent. Also, it can be very helpful in cases 
where there is severe oligohydramnios or inaccessible foe-
tal position preventing adequate visualization of the foetal 
parts on ultrasonography. Foetal CPAMs manifest as uni-
locular or multilocular lesions which appear hypointense 
on T1WI and hyperintense on T2WI sequences. Chest radi-
ography in the postnatal period shows CPAM as a soft tis-
sue density lesion. There might be a mediastinal shift in 
cases of large CPAMs. Air fluid levels may be seen as there 
is a delay in the clearance of the fluid from the cysts due to 
abnormal airways. 3D CT reconstructions also aid in the 
postnatal evaluation of CPAMs by giving important struc-
tural information, measurements and visualization of criti-
cal anatomic details. In comparison to MRI, CT scan has a 
faster acquisition time, thus reducing the need for sedation 
and is less expensive. CT angiography can be useful in the 
evaluation of any systemic feeding arterial supply, which 
can be missed on ultrasound scans. However, CT scan 
exposes the child to ionizing radiation. Both MRI and CT 
are helpful in the appropriate planning of surgery.

The prognosis of CPAM depends mainly on the presence or 
absence of foetal hydrops. In CPAM cases without hydrops, 
a survival rate of more than 95% has been reported, while a 
survival rate of less than just 5% has been reported in CPAM 
cases with hydrops which have been managed expectant-
ly [1]. Prognosis also depends on the size of the cysts, with 
larger cysts having a poorer prognosis. The prenatal man-
agement of CPAM mainly revolves around maternal steroid 
therapy (betamethasone, intramuscular) for the maturation 
of the foetal lungs, thoraco-amniotic shunting in severe 
cases and EXIT procedure (Ex utero intrapartum procedure) 
which allows controlled and monitored resection of large 
foetal lung lesions during delivery. Postnatally, in asymp-
tomatic cases of CPAM, open lobectomy is the best option 
in case of unilobar involvement, while parenchyma saving 
resection is performed in case of bilobar or bilateral pulmo-
nary involvement. In symptomatic cases of CPAM, open sur-
gery after stabilization is the usual line of management [1].

The potential postnatal complications of CPAM include 
spontaneous pneumothorax, haemopneumothorax and 
pyopneumothorax. There is also an increased likelihood 
of several malignancies in CPAM such as bronchoalveolar 
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carcinoma, bronchogenic carcinoma, pleuropulmonary 
blastoma and rhabdomyosarcoma.

The ultrasound differential diagnosis of CPAM includes 
bronchogenic cyst, pulmonary sequestration, congenital 
diaphragmatic hernia (CDH), congenital lobar emphysema, 
congenital cystic bronchiectasis and mediastinal masses 
such as cystic hygroma and teratoma. Macrocystic CPAM 
should be differentiated from a bronchogenic cyst which 
is usually isolated and originates from the upper airway 
with which a direct communication can be visualized in 
some cases. CPAM type III should be differentiated from 
pulmonary sequestration which appears as an echogenic 
portion of lung that is supplied by a feeding vessel from 
the aorta. CDH can be easily differentiated from a CPAM as 
the echo-free stomach and the small bowel will be visual-
ized at the same transverse level as the heart on the four 
chamber view in case of left-sided CDH. Also, the stomach 
and the small bowel will be visualized at a level superior 
to the inferior margin of the scapula. There might be left-
ward displacement of the gallbladder. In case of a right-
sided CDH, there will be leftward bowing of the umbilical 
segment of the portal vein, portal branches to the lateral 
segment of the left hepatic lobe coursing towards or above 
the diaphragm, gallbladder present above the diaphragm 
and an echodense space between the left heart border and 
the stomach representing the left hepatic lobe. CPAM type 
III should be differentiated from congenital lobar emphy-
sema, which also will appear echogenic due to an excessive 

accumulation of fluid within the pulmonary alveoli. Similar 
to CPAM type III, there will not be any vascular supply 
from the aorta and there will be a mass effect on the medi-
astinal structures. However, CPAM type III is uniformly 
echogenic, while congenital lobar emphysema can present 
as a bright echogenic region of the lung with or without 
cystic areas. Congenital cystic bronchiectasis, also known 
as Williams-Cambell syndrome, is usually symmetric and 
bilateral. Teratomas are usually more vascular, heteroge-
neous and cast a distal acoustic shadowing as compared 
to CPAMs. Mediastinal cystic hygromas can be easily dif-
ferentiated from CPAMs, because they are generally seen 
extending from the neck into the anterior mediastinum.

Conclusions

Congenital pulmonary airway malformation (CPAM) is an 
uncommon foetal anomaly with a very wide range of ultra-
sound appearances depending on the specific type of CPAM. 
CPAMs have a wide spectrum of differential diagnoses and 
a variable prognosis. Ultrasound is a valuable, safe, non-
ionizing, cost-effective, widely available and easily repro-
ducible imaging tool for the diagnosis of CPAM. Antenatal 
ultrasound should always be the primary mode of diagnosis 
in CPAM. Although magnetic resonance imaging (MRI) can 
help in a better delineation of foetal anomalies, ultrasound 
helps in an easy and reproducible follow-up of patients 
with CPAM in addition to disclosing details regarding the 
anatomical location, number and size of the cysts.
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An uncommon cause of gastric outlet obstruction
A case report
Manjusha Bandireddy, MBBSa,∗, Noemi Baffy, MDb

Abstract
Rationale:Metastatic involvement of the gastrointestinal tract is an uncommon scenario encountered in the clinical practice. Our
case represents a gastric outlet obstruction (GOO) as a consequence of distant Transitional cell carcinoma (TCC) metastasis without
any lymph node involvement in association with inflammatory stranding leading to extrinsic duodenal obstruction.

Patient concerns:We report an unusual case of a 73-year-old male presented with a five-week history of nausea, vomiting and
abdominal pain due to the metastatic extension from TCC that had been considered in remission.

Diagnoses: Computed tomography (CT) of the abdomen and pelvis revealed new circumferential thickening and inflammatory
stranding involving the ascending colon extending to the hepatic flexure. Based on the imaging findings, colonoscopy was pursued
which demonstrated a mass at the hepatic flexure and biopsies obtained confirmed invasive transitional cell cancer.

Intervention: Patient underwent a Wall Flex (22mm � 120mm) metal stent to help alleviate the gastric outlet obstruction.
Chemotherapy was planned by oncology.

Lessons: Our case highlights the importance of ruling out distant metastases in the evaluation of new gastrointestinal tract
pathology, for instance, Gastric Outlet Obstruction in our patient; with a prior history of TCC without any lymph node involvement
under remission.

Abbreviations: CT = computed tomography, GOO = gastric outlet obstruction, MRI = magnetic resonance imaging, NMIBC =
non-muscle-invasive bladder cancer, TCC = transitional cell carcinoma.

Keywords: angiolymphatic invasion, duodenal stenosis, gastric outlet obstruction (GOO), metastasis, transitional cell carcinoma
(TCC)

1. Introduction

Gastric outlet obstruction (GOO) can be a complication of peptic
ulcer disease, gastric polyps, malignancy or gallstone obstruc-
tion.[1] The most common malignancy to cause GOO is primary
gastric adenocarcinoma and it is followed by carcinoma of the
pancreas and gallbladder resulting in extrinsic malignant
obstruction of the duodenum from local invasion.[2] A variety
of neoplastic, inflammatory, or vascular masses extrinsic to the
bowel may cause small bowel obstruction. These masses

compress the bowel lumen and distort the lumen by a desmo-
plastic reaction involving the mesentery and peritoneal surfaces
of the bowel.[2]

Transitional cell carcinoma (TCC) is the most common
malignancy of the urinary tract and is the second most common
cause of death among genitourinary tumors.[3] Approximately
90% of all bladder cancers are TCCs.[4] Bladder cancer typically
spreads first to regional nodes, then disseminates with about
equal frequency to the lungs, liver, and bone. Late in the course,
subcutaneous and brain metastases are common.[5] Our case
demonstrates a novel presentation of gastric outlet obstruction
due to duodenal wall circumferential thickening with adjacent
inflammatory stranding from transitional cell carcinomametastasis.

2. Case presentation

A 73-year-old male presents with a 5-week history of nausea,
vomiting, and abdominal pain. Past medical history is significant
for stage IV transitional cell cancer with angiolymphatic invasion
treated with neo-adjuvant chemotherapy and radiation followed
by radical cystectomy with ileal conduit formation and bilateral
pelvic lymphadenectomy. He had also undergone a diverting
sigmoid colostomy for rectal outlet obstructive symptoms from
metastases to the rectum. Subsequent surveillance imaging and
colonoscopies were negative for any recurrence as recent as nine
months prior to the current symptoms.
For the abdominal pain, patient was evaluated with CT of

the abdomen and pelvis which revealed new circumferential
thickening and inflammatory stranding involving the ascending
colon extending to the hepatic flexure as well as the descending/
transverse duodenal junction with adjacent inflammatory
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stranding (Figs. 1 and 2). Diffuse intra- and extra-hepatic biliary
ductal andmain pancreatic duct dilatation (double duct sign) was
noted as well. Transaminases and bilirubin were initially normal.
Magnetic resonance imaging (MRI) of the abdomen was

pursued to further investigate the double duct sign, which did not
reveal choledocholithiasis or pancreaticobiliary malignancy. The
dilated biliary tree was suspected to be secondary to thickened
descending duodenum. This thickening was abutting the hepatic
flexure. Additional findings included hydroureteronephrosis on
the right with a focally enhancing soft tissue mass (Fig. 3).
Upper endoscopy for evaluation of gastric outlet obstruction

demonstrated duodenal stenosis with significant edema and
congestion without an obvious ulcer (Fig. 4). The stenosis could
be traversed only with an ultrathin endoscope but biopsies were
nondiagnostic. Based on the MR imaging findings, endoscopic
evaluation of the colon was pursued in hope of getting a better
yield for diagnosis. Colonoscopy demonstrated a mass at the
hepatic flexure (Fig. 5). Biopsies confirmed invasive transitional
cell cancer. Patient underwent a Wall Flex (22mm � 120mm)
metal stent to help alleviate the gastric outlet obstruction (Fig. 6).
Chemotherapy was planned by oncology. Patient had progres-
sively deteriorated and expired one month later after establishing
an agreement on comfort care only.

3. Discussion

TCC is the fifth most common cancer diagnosis in the United
States and is strikingly related to cigarette smoking.[5] Transi-
tional cell epithelium lines the urinary tract from the renal pelvis
to the ureter, urinary bladder, and the proximal two-thirds of the
urethra. Cancers can occur at any point: 90% of malignancies
develop in the bladder, 8% in the renal pelvis, and 2% in the

ureter or urethra.[6] Gross, painless hematuria is the primary
symptom in 85% of patients with a newly diagnosed bladder
tumor, andmicroscopic hematuria occurs in virtually all patients.
At initial presentation, approximately 75% of urothelial tumors
are superficial, localized to the bladder.[6] Only about 20% of

Figure 1. Arrow pointing to duodenal wall thickening and inflammatory
stranding.

Figure 2. Arrow pointing to duodenal wall thickening and inflammatory
stranding.

Figure 3. Arrow pointing to focally enhancing soft tissue by right ureter.
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patients present with disease that invades into the muscle wall.
Fewer than 5% of patients present with locally advanced (i e,
clinically extravesical) disease, and another 5%or so present with
clinically apparent metastatic disease.[5] There is a high
progression rate from non-muscle-invasive bladder cancer
(NMIBC) to muscle-invasive bladder cancer, approaching
70%, with a high subsequent metastatic rate despite treatment.[4]

A hallmark of urothelial cancer is the high recurrence rate, which
approaches 80% for high-malignant potential NMIBC. The two
primary theories for recurrent tumor formation are field change
effects within the bladder and tumor implantation. Tumor
implantation during a transurethral resection of the bladder
tumor has been suggested as a possible cause for recurrent tumor
formation.[4] In addition, up to 50% of patients will develop
metastases following radical cystectomy for clinically localized
disease.[8] The key phenotypic change that occurs in urothelial
cancer that is destined to metastasize is the ability to invade the
angiolymphatic system, which is seen in approximately 25% of
invasive urothelial carcinoma. Angiolymphatic invasion is a poor
prognostic sign with a 40% risk of nodal disease and is an
independent predictor of overall and cancer-specific survival.[4]

Gastric outlet obstruction can result from functional im-
pairment of antral motility caused by the effects of acute
inflammation and edema or from mechanical obstruction caused
by scarring near the gastroduodenal junction.[7] Pyloric obstruc-
tion occurs when the outlet of the stomach narrows to the point of
serious interference with gastric emptying.[9] Gastric distention
can be due to a number of causes that can be divided into
physiologic and metabolic or obstructive.[10] If causes of gastric
dilatation and poor motility, such as diabetes, narcotic drugs, and
others are not evident, obstructive causes such as neoplasms must
be excluded.[10] With the advent of potent antisecretory therapy
with proton pump inhibitors and the eradication of H. pylori,
obstruction now is less commonly caused by peptic ulcers than by
gastric neoplasms or extrinsic duodenal obstruction by intra-
abdominal neoplasms.[11] Infrequent causes include Crohn’s
disease, sarcoidosis, tuberculosis, syphilis (granulomatous dis-
eases) and pancreatitis or pancreatic cancer.[12] The symptoms of
gastric outlet obstruction tend to be insidious and can manifest as
gastroesophageal reflux, early satiety, weight loss, abdominal
pain, vomiting, and signs may include abdominal distention and
a succussion splash.[7,13] Small bowel cancer is a rare malignancy
representing approximately 2% of gastrointestinal neoplasms.[5]

Metastatic tumor can involve the small bowel via intraperitoneal
spread (the most common route of spread), hematogenous
dissemination, or lymphatic channels. Hematogenous spread to
the small bowel is usually from malignant melanoma or breast or
lung cancer.[2] Carcinoma of the cervix, endometrium, and ovary
often affects the distal small bowel by intraperitoneal seeding or
direct invasion; the colon may also be involved.[14] Extrinsic
lesions resulting in small bowel obstruction include peritoneal
adhesions, hernias and extrinsic tumors in mesentery or
retroperitoneum.[14] Carcinomatosis is frequently multifocal,
occurring at dependent sites in the peritoneal cavity in which
ascitic fluid accumulates (including the mesenteric border of the
distal ileum, the medial base of the cecum, sigmoid mesentery,
pararectal fossae, and rectovesical or rectouterine space).[2]

Gastric outlet obstruction may be diagnosed as an enlarged
stomach seen on a plain abdominal x-ray or as marked dilation of
the stomach with a collapsed duodenum on CT.[7,10] Malignant

Figure 5. Fungating mass visualized at the hepatic flexure.

Figure 6. Duodenal stenosis during balloon dilation.

Figure 4. Proximal aspect of the duodenal stenosis.
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gastric outlet obstruction can be relieved with endoscopically
placed expandable stents in patientswith inoperablemalignancy.[6]

4. Conclusions

Although cancer predominately spreads through definite routes,
metastatic disease can invariably present in diverse ways. Our
case creates awareness in clinicians and radiologists to consider
atypical presentations of distant metastases in the differential
diagnosis of a recent obscured pathogenic process with an
indistinct etiology in a patient with previous cancer considered in
remission. Another interesting fact illustrated in our case is
distant metastases of TCC in the absence of any regional
lymphadenopathy. A comprehensive survey of the literature
showed only six cases reported with transitional cell cancer
metastases to the duodenum with two of them presenting as
duodenal obstruction.
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ORIGINAL ARTICLE

The BetterBirth Program: Pursuing Effective Adoption and
SustainedUseof theWHOSafeChildbirthChecklist Through
Coaching-Based Implementation in Uttar Pradesh, India
Nabihah Kara,a Rebecca Firestone,b Tapan Kalita,c Atul A Gawande,d Vishwajeet Kumar,e Bhala Kodkany,f

Rajiv Saurastri,c Vinay Pratap Singh,c PinkiMaji,c Ami Karlage,a Lisa RHirschhorn,g* Katherine EA Semrau;h*
on behalf of the BetterBirth Trial Group†

The BetterBirth Program relied on carefully structured coaching that wasmultilevel, collaborative, and provider-
centered to motivate birth attendants to use theWHO Safe Childbirth Checklist and improve adherence to
essential birth practices. It was scaled to 60 sites as part of a randomized controlled trial in Uttar Pradesh, India.

See related article by Marx Delaney.

ABSTRACT
Shifting childbirth into facilities has not improved health outcomes for mothers and newborns as significantly as hoped.
Improving the quality and safety of care provided during facility-based childbirth requires helping providers to adhere to
essential birth practices—evidence-based behaviors that reduce harm to and save lives of mothers and newborns. To
achieve this goal, we developed the BetterBirth Program, which we tested in a matched-pair, cluster-randomized con-
trolled trial in Uttar Pradesh, India. The goal of this intervention was to improve adoption and sustained use of the
World Health Organization Safe Childbirth Checklist (SCC), an organized collection of 28 essential birth practices that
are known to improve the quality of facility-based childbirth care. Here, we describe the BetterBirth Program in detail,
including its 4 main features: implementation tools, an implementation strategy of coaching, an implementation pathway
(Engage-Launch-Support), and a sustainability plan. This coaching-based implementation of the SCC motivates and
empowers care providers to identify, understand, and resolve the barriers they face in using the SCC with the resources
already available. We describe important lessons learned from our experience with the BetterBirth Program as it was

tested in the BetterBirth Trial. For example, the emphasis
on relationship building and respect led to trust between
coaches and birth attendants and helped influence
change. In addition, the cloud-based data collection and
feedback system proved a valuable asset in the coaching
process. More research on coaching-based interventions
is required to refine our understanding of what works best
to improve quality and safety of care in various settings.

Note: At the time of publication of this article, the results of
evaluation of the impact of the BetterBirth Program were
pending publication in another journal. After the impact
findings have been published, we will update this article
with a reference to the impact findings.

INTRODUCTION

The reduction of preventable maternal and neona-
tal morbidity and mortality associated with child-

birth remains a critical challenge in global health.1,2
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Previously, countries—especially low- and
middle-income countries—have embraced inter-
ventions focused on encouraging childbirth to
take place in health care facilities; however, de-
spite the success of many of these interventions,
the shift to facility-based childbirth has not suc-
ceeded in improving all childbirth-related out-
comes at the levels expected.3 Improving the
quality of care received by mothers and new-
borns during facility-based childbirth is the next
step in improving these health outcomes.

One important component of high-quality
health care is the provision of care according to
evidence-based guidelines. In facility-based child-
birth care, one of the main causes of preventable
harm is the failure to deliver essential birth prac-
tices to all mothers and newborns at the appropri-
ate time during childbirth. Essential birth practices
are provider behaviors for which evidence exists
to prove that they increase the quality and safety
of care during childbirth; these practices, when
performed consistently and correctly, can save
the lives of mothers and newborns. The failure to
perform these practices is often called a “know-do”
gap and has been identified in many areas of
health care.4

In specific health care settings, well-
implemented checklists have successfully bridged
the know-do gap, changing provider behavior
by increasing adherence to evidence-based guide-
lines.5 Studies have demonstrated that this
approach to improving quality of care has signifi-
cantly improved outcomes in intensive care medi-
cine and in surgery, including in resource-limited
settings.6,7 Based on these successes, the World
Health Organization (WHO) and collaborators
developed the WHO Safe Childbirth Checklist
(SCC), a collection of 28 evidence-based essential
birth practices associated with improved maternal
and neonatal outcomes.8,9

Experience with the WHO Surgical Safety
Checklist and with similar quality-improvement
and patient-safety interventions has established
that simply introducing a checklist to a facility
or provider without a plan for engagement and
sustained reinforcement does not lead to improve-
ment in health care practices.10–13 Ensuring con-
sistent adherence to these practices requires both
their codification into guidelines, as well as delib-
erate behavior change interventions to support
adoption of these evidence-based practices.14

With the BetterBirth Program,we aimed to de-
velop a systematic approach that would enable
health care workers to adopt and use the WHO
Safe Childbirth Checklist during their provision of

childbirth care. As such, we sought to empower
birth attendants and other facility and district per-
sonnel to identify, understand, and ultimately
resolve barriers they might face in using the SCC
to deliver quality maternal and newborn care,
with coaching as the main strategy to engage
with health care workers. The BetterBirth Trial, a
matched-pair, cluster-randomized controlled trial,
was implemented in120 facilities (60 intervention,
60 control) across 24 districts in the state of Uttar
Pradesh, India.15 Evidence of the impact of the
BetterBirth Programon birth attendants’ perform-
ance of essential birth practices and on health out-
comes formothers andnewborns is forthcoming.

Behavior change interventions and adop-
tion of evidence-based practices are enhanced
by application of a theoretical framework to
organize strategies of behavior change.14 To de-
velop the BetterBirth Program, we modified the
Opportunity-Ability-Motivation (OAM) frame-
work of behavior change to ground our strategy
design, particularly in how we aimed to structure
coaching and supervision of health care work-
ers.14,16–18 Originally, the OAM framework was
used to describe consumer behavior; to make it
more applicable to our work—given the preva-
lence of supply-related challenges in resource-
limited settings—we separated “Supply” from the
more general category of “Opportunity.” Thus,
our modified OAMS framework contained 4 cate-
gories into which barriers to behavior change can
be classified:

� Opportunity: “external” and systems-level
barriers concerning the circumstances under
which the provider must practice the new
behavior (e.g., the amount of staff available, the
time available for performing the practice, the
size of the facility/number of beds available,
the characteristics of the patient population)

� Ability: barriers concerning the provider’s
knowledge, skills, and competence related to
the new behavior (e.g., clinical skills, commu-
nication skills)

� Motivation: “internal” barriers concerning the
provider’s willingness to change his or her
behavior (e.g., understanding and believing in
the significance of the new behavior)

� Supplies: a subset of Opportunity, specifically
referring to the availability of necessary medi-
cations, equipment, and other consumable
materials

Here, we describe the design of the BetterBirth
Program in detail. We include specific, concrete

One of themain
causes of
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birth practices.
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care practices.
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examples to illustrate the various aspects of our
intervention: quotes that the implementation
team gathered in focus group discussions with
coaches and other examples drawn from the
Coach Support Tools (qualitative data collection
tools used by coaches during their work in facili-
ties). We have described the methodology of the
BetterBirth Trial,15 including pilot testing of the
intervention,19 elsewhere. A companion article
published in this issue of Global Health: Science and
Practice presents results on the effect of the inter-
vention on birth practices.

INTERVENTION: THE BETTERBIRTH
PROGRAM
The BetterBirth Program incorporated 4 key com-
ponents: implementation tools, an implementa-
tion strategy, an implementation pathway, and a
sustainability plan.

BetterBirth Implementation Tools: SCC and
Pulse
By reminding birth attendants to perform essen-
tial birth practices at the appropriate time, the
SCC is intended to improve the safety and quality
of care received by mothers and newborns. The
SCC is organized into 4 pause points, or critical
moments, in facility-based childbirth care, when
birth attendants should “check” that they have
completed essential birth practices: (1) on admis-
sion, (2) just before pushing (or before cesarean
delivery), (3) soon after birth (within 1 hour),
and (4) at discharge (Supplement). These pause
points allow birth attendants to make their
“checks” both at critical times when they can pro-
tect the mother and newborn against dangerous
complications and when it is convenient for them
to take the time to perform the checks.9

In the BetterBirth Trial, birth attendants com-
pleted a new paper version of the SCC—which
was initially adapted to fit the relevant national
guidelines of India—for eachmother and attached
it to the mother’s chart or bedhead ticket to allow
them to more easily track practices for each
mother-and-baby pair.15 Most commonly, the
birth attendants applied the “Read-Do” method:
they first read the item on the SCC, then com-
pleted the task. Alternatively, they used the “Do-
Confirm” method, in which they completed the
task then immediately read the item on the paper
or poster SCC to confirm that it was performed
appropriately. As they completed each essential
birth practice, birth attendants put a check in the

box located to the left of the item to indicate com-
pletion. Relevant notes, such as temperature and
blood pressure readings, were written to the right
of each item, where additional information is pro-
vided to guide the birth attendant in clinical deci-
sion making. For example, prompts to check
temperature and other clinical signs are noted to
the right of the SCC item related to the administra-
tion of antibiotics. While the SCC was primarily
completed by an individual birth attendant for
each patient, it was sometimes used as a team, par-
ticularly in the case of organizing supplies for
mother and baby as indicated in Pause Point 2.

In a pilot study, with successful adoption and
sustained use of the SCC, birth attendants demon-
strated improved adherence to essential birth
practices.19,20 Moreover, the SCC further facili-
tated implementation of the BetterBirth Program
by serving as a tool for coaches. The organized list
of essential birth practices on the SCC served as
the foundation of coaches’ observations of birth
attendants’ behavior.

Built to facilitate the implementation of the
BetterBirth Program and the management of the
BetterBirth Trial, Pulse is a management informa-
tion system designed to provide rapid feedback
on implementation status. Operable on mobile
phones and tablets, Pulse provided near-real-time
access to information about the use of the SCC,
adherence to specific essential birth practices,
and supply availability. A data entry app
developed by Dimagi (http://www.dimagi.com/
products/), called CommCare, allowed coaches
to record their observations and put those
observations to use in further coaching. For
example, a coach would record whether a birth
attendant performed specific practices (such as
skin-to-skin warming and breastfeeding), and
if not, diagnose and record the underlying
barrier according to the OAMS framework.
Coaches and coach team leaders were able
to access a summary report of that birth attend-
ant’s practices or an aggregate report of the
facility’s practices. These summary data were
generally displayed in a visual heat map
(Figure 1), allowing coaches, birth attendants,
and other facility and district personnel to more
easily recognize trends in the performance of
essential birth practices and underlying barriers
preventing behavior change. Finally, Pulse
facilitated the overall implementation of the
BetterBirth Program by aggregating coaches’
observations at the facility and district levels to
help various stakeholders analyze systemic trends
and barriers to SCC use.

TheWHO Safe
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BetterBirth Implementation Strategy:
Coaching
We understood from previous work with
checklists and other quality-improvement and
patient-safety programs that changing behavior
is a challenging process requiring ongoing sup-
port.21–23 Thus, we looked to other fields’ suc-
cesses for inspiration. In sports,24 business,25 and

education,26 coaching has been a popular and
successful strategy for changing individuals’ per-
formance. One such example of a successful
behavior-change intervention is the U.S. agricul-
tural extension service, which was established in
1911 to help make American farmers’ practices
more modern and efficient by incorporating then-
new scientific techniques (Box). Client-centered,

FIGURE 1. Partial Facility-Level Heat Map of Adherence to Essential Birth Practices, Illustrative
Example (Not Real Data)

Success rates calculated as follows: green=1, yellow=0.5, red=0, white=N/A.

Abbreviation: BA, birth attendant.

BOX. Lessons Learned About Behavior Change From the U.S. Agricultural Extension
Service
The success of the U.S. agricultural extension service resulted from how it pursued its goals: extension
agents went out “into the field” to work with local farmers on integrating new developments in technology
and farming techniques into the farmers’ work. Moreover, each extension agent was guided by certain
principles, which led to more successful relationships with the farmers:

� Farmer-centered: the agents paid close attention to and responded directly to the farmers’ needs,
and the agents’ work was guided directly by a council comprised of local farm-community leaders.

� Collaborative: the agents invited the farmers to participate extensively in the processes of identifying
what the local community needed, planning solutions, and evaluating the success of those programs.

� Multilevel: the agents also worked closely with other levels of the agricultural research establishment
(such as the agronomy research departments at the then-young land-grant universities).
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collaborative, multilevel, in-person support—or
coaching—allowed the Green Revolution to
flourish.27 These crucial lessons, as well as lessons
from other models such as the Improvement
Collaborative Approach, provided a foundation
in designing the BetterBirth coaching strategy.28

BetterBirth coaching emphasized the individual
barriers to adopting essential birth practices and
also employed a team-level approach to address
systemic barriers to adoption.

In the program, nurse coaches worked
closely with birth attendants, who were also typ-
ically nurses, to provide the support that the
birth attendants needed in order to use the SCC
to improve care. Simultaneously, coach team
leaders, who were either physicians or public
health professionals, supported facility and dis-
trict leaders as they strengthened the health
care systems’ facilitation of the use of the SCC.
To ensure a local facility-level champion, coaches
and facility leaders collaboratively chose and pro-
vided support to a childbirth quality coordinator
(CQC) (an individual or a small team), who con-
ducted many of the coaching tasks in the ab-
sence of the BetterBirth coach. The CQC was
identified during the first 2 months of the pro-
gram. Please see the Table for details on qualifi-
cations and selection criteria for each of these
roles. Within the BetterBirth Trial, coaching
entailed 3 main tasks and was characterized by
3 main principles, enumerated below.

To prepare coaches, each coach attended a
5-day interactive training that focused on core
coaching skills, such as effective communication,
respectful relationship building, and barrier and
solution identification, as well as on the OAMS
behavior-change framework. Throughout the
trial, coaches and coach team leaders also received
2–3 day refresher trainings, which offered similar
skills training and opportunities for peer learning
and troubleshooting. Coach team leaders also pro-
vided supportive supervision to coaches during fa-
cility visits, in which both coaches and coach team
leaders were present.

Three Coaching Tasks
Coaches pursued 3 main types of activities during
their facility visits. First, based on local circum-
stances and dynamics, coaches worked to increase
birth attendants’motivation to use the SCC. If a birth
attendant did not perform a specific essential birth
practice, a coach might explain the significance of
that practice by using the SCC as a visual aid or by
telling a story about a childbirth inwhich the prac-
tice was performed. Coaches had to identify what
motivated each birth attendant—competition
among peers or other facilities, facts and data, or
emotional stories—and tailor their approach
accordingly. Coaches would keenly observe the
birth attendant and the contextual environment,
as well as probe with open-ended questions, to
understand the root cause of the barrier. When

TABLE. Selection Criteria and Responsibilities of BetterBirth Program Team Members

Team Member Qualifications/Selection Criteria Responsibilities

Coach � Nurse qualification
� Trained in childbirth practices
� Recruited from same hub as facility

assignments

� Coach facility birth attendants (increase motivation,
observe, and facilitate problem solving)

� Manage 2–4 facilities at any one time; conduct
43 visits per facility

Coach Team Leader � Physician or trained public health
practitioner

� At least 4 years of experience
� Recruited from same hub as facility

assignments

� Provide supportive supervision to the coach
� Coach facility and district leaders to strengthen the

health care system
� Manage 4–5 facilities at one time; conduct 23 visits

per facility
Childbirth Quality Coordinator � Facility-based staff

� Motivated and interested in the
BetterBirth Program

� Ability to influence and coach others
� Well respected among other facility-

and district-level personnel

� Orient new staff to the Safe Childbirth Checklist
� Coach facility birth attendants
� Coach facility and district leaders to strengthen the

health care system
� Collect data on facility progress and areas for

improvement

Coaches pursued
3main types of
activities:
motivated birth
attendants to use
the checklist;
observed,
recorded, and fed
back information
about use of the
checklist; and
guided birth
attendants to
solve problems.
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describing how coaches overcame resistance to
using the SCC, one coach noted:

We have to empathize with the birth attendant and
explain the importance of conducting each item on the
SCC. As humans, it’s not always possible for us to
remember each item—especially when we are busy.

Similarly, coaches celebrated success, both
with the birth attendant and among the birth
attendant’s peers within the facility.

Second, using the Pulse app, coaches observed,
recorded, and fed back information about SCC use,
the status of the facility’s systems (such as supply
availability), and any barriers the birth attendant,
facility, and/or district faced in using the SCC. By
making birth attendants and facility leaders aware
of the performance (and nonperformance) of
essential birth practices within the facility, the
coaches helped to identify areas for improvement.
The importance of this task draws from the lessons
learned with the Standards-Based Management
and Recognition (SBM-R)model.29 Ongoingmea-
surement of performance was recorded to guide
the improvement process and motivate the pro-
viders to improve care over time. Coaches and
coach team leaders recorded their observations in
Pulse using a quantitative tool, which also cap-
tured the specific barrier to performing the prac-
tice using the OAMS framework. The reports
generated from Pulse showcased activities per-
formed without prompting in green, while prac-
tices that were prompted were marked yellow,
and practices not performed at all were marked
red (Figure 1). For each observation marked red
(not performed), a barrier was also indicated to
describe why: O for opportunity, A for ability,
M for motivation, and S for supplies. Coaches
remarked that birth attendants were motivated
by the heat maps and worked to turn “reds”
(unperformed practices) into “greens” (practices
performed unprompted).

Similarly, Coach team leaders collected infor-
mation on and offered feedback about the state of
a facility’s systems and practices to facility leaders.
When coaches were not able to directly observe
any of the pause points during the facility visit,
they still found opportunities to discuss past cases,
current supply gaps, and skilled birth attendant
national guidelines. Coaches and coach team lead-
ers also completed structured diaries for each facil-
ity visit and district engagement that captured
qualitative information about each of their inter-
actions, drawing not only from direct observations
but also from discussions related to practices
and processes even in the absence of direct

observations. The coach team leader qualitative
tool specifically captured information on team-
based coaching discussions and data feedback
meetings, particularly around supply availability
as well as facility-level practice and processes
changes.

In the third task, problem solving, coaches
guided birth attendants through a problem-
solving process based on the results of the second
task (observe, record, and provide feedback).
When the coach identified an essential birth prac-
tice that the birth attendant did not perform even
after prompting from the coach, the coach collabo-
rated with the birth attendant to identify what
barrier blocked her from performing the practice
and to categorize that barrier according to the
OAMS framework. Finally, the coach and the
birth attendant agreed upon a strategy for resolv-
ing the identified barrier and worked together as a
team toward realizing that strategy. The coach
team leader helped by facilitating the escalation
of the problem to higher levels of facility and dis-
trict leadership if needed, where the coach team
leader also facilitated the problem-solving process.
When there was turnover of staff and shift
changes, coaches and coach team leaders would
make every effort to arrange their visits such that
they could work individually with as many birth
attendants at the facility.

Coaches did not typically have problems find-
ing time with birth attendants to discuss cases and
review feedback and thus were generally able to
build a strong relationship and rapport with each
birth attendant.When coaches observed that birth
attendants were routinely not performing the
tasks associated with the fourth pause point (at
discharge), they engaged the birth attendants in
discussions to determine what barriers were pre-
venting the adherence to these essential birth
practices. The birth attendants pointed out that,
for cultural and logistical reasons (e.g., wanting to
introduce the new baby to family members, need-
ing to return home to care for other children, not
having access to food in the facility), mothers
often left the facility—against medical advice—
much earlier than the expected 24 hours post-
partum recommended by the SCC. Their early
departures left no time for the birth attendants to
perform the fourth pause point. Together, birth
attendants and coaches agreed to administer the
discharge practices (pause point 4) regardless of
how soon the mother left the facility. They also
decided together to approach the female commu-
nity health workers (Accredited Social Health
Activists or ASHAs) who accompanied women to
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the facility for childbirth in order to educate them
on the need for women to remain in the facility for
24 hours after giving birth. The birth attendants
shared with the ASHAs the potential dangers of
leaving the facility early and warning signs to
watch for once a mother had returned home. As a
result, the ASHAs began to encourage mothers to
remain at the facility longer post-delivery.

Three Coaching Principles
What coaches focused on was only one part of
the intervention. Equally, if not more, impor-
tant was how the coaches pursued their tasks.
First, coaching in the BetterBirth Program was
multilevel. While coaches worked with birth
attendants, coach team leaders similarly worked
with facility and district leaders to strengthen
the systems necessary to facilitate sustained use
of the SCC. For example, coaches noticed birth
attendants refusing to administer the bacille
Calmette-Guérin (BCG) vaccine to only 1 or
2 babies at a time, instead asking the mothers
to return to the facility at a later time for the
vaccine.Discussionswithbirthattendants revealed
that they believed they were required to use all
10 doses of vaccine in each vial immediately upon
opening it; thus, to avoid waste, they would only
vaccinate if many babies were present in the facil-
ity at once. To resolve the misunderstanding,
coaches and coach team leaders workedwith facil-
ity- and district-level health care leaders to clarify
the policy around the supply of BCG vaccine.
In addition, at a district-level meeting, leaders
explained to the birth attendants the ready avail-
ability of plenty of vaccine as well as the proce-
dures for acquiring more for their facility, in order
to motivate them to vaccinate each baby—to open
a vial even when only 1 baby was present. To be
successful, this effort required collaboration not
only between the peer-to-peer pairings of coaches
and birth attendants, coach team leaders, and
health care leadership but also between the 2 pairs
as well.

Second, coaching in the BetterBirth Program
was collaborative. Coaches worked with birth
attendants, and coach team leaders worked
with facility and district leaders, in a supportive,
constructive, respectful peer-to-peer manner.
The coaches were also nurses (and, due to cul-
tural norms, female) with similar backgrounds
and training as the birth attendants they
coached; the coach team leaders who worked
with facility and district leaders—both clinical

and administrative—were physicians or experi-
enced public health professionals. Coaches and
coach team leaders used strong communication
skills and a nonjudgmental attitude to build a
relationship of trust and understanding with the
individual(s) they coached. One birth attendant
remarked:

At first I didn’t think that this young BetterBirth Coach
could help me very much. But she was very polite and
pleasant to work with. The coach helps me to remember
and learn to do each practice in a systematic and consist-
ent way for every patient. I bring the skills, she brings
the process.

Another noted:

It wasn’t like talking to someone who was trying to find
mistakes. It was like talking to a friend.

Birth attendants and facility and district lead-
ers thus were invited to be active, equal partici-
pants in the process of improvement.

Third, coaching was provider-centered. Similar
to the Client-Oriented, Provider-Efficient services
model (COPE), coaching focused on enabling pro-
viders to identify problems and develop their own
solutions using local resources.30 At all levels of
the health care system, coaches set local priorities
for the implementation of theBetterBirth Program
based not upon the expectations and needs of the
coaches and the coach team leaders but upon the
expectations and needs of the birth attendants
and facility and district leaders they coached. The
initial priorities that coaches and coach team lead-
ers addressed in each facility, for example, were
determined by the facility personnel at the launch
events; these ranged from clarifying referral proto-
cols to handling biological waste to improving
communications. As a result of this provider-
centered attitude, coaches needed to be nimble
and adaptive to differing circumstances and con-
texts as the priorities of birth attendants and facil-
ity and district leaders shifted. Overall, coaching in
the BetterBirth Program was customized to the
specific individual being coached and the situation
in which the individuals were working.

BetterBirth Implementation Pathway:
Engage, Launch, Support
The BetterBirth implementation pathway incor-
porated 3 stages: Engage, Launch, and Support
(Figure 2). Each stage involved discrete, sequential
goals that built upon one another. Together, the
3 stages linked together in a pathway leading from
the first collaboration between implementers and
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key stakeholders to a process aimed at improved
safety and quality of care for mothers and new-
borns during facility-based childbirth care.

The core of the Engage stage of the BetterBirth
implementation pathway was collaborating with
key leaders at multiple levels of the health care
system to introduce them to the SCC and gather
support for the BetterBirth Program, identify local
needs, and engage in problem solving to begin
addressing those needs.

During the Engage stage of the BetterBirth
Trial in Uttar Pradesh, India, implementers
worked closely with state health care officials to
adapt the SCC to fit the Government of India
maternal and child health guidelines. Coach team
leaders from the BetterBirth Program also met
with facility and district leaders in order to secure
their commitment to the BetterBirth Program and
to identify their priority areas for improvement.

The Launch stage aimed for collaboration
between BetterBirth Coaches and those individ-
uals who would be adopting and using the SCC
(and those who would be directly supporting
them). This stage involved introducing the key
stakeholders to the SCC and gathering support
for the BetterBirth Program’s goals and methods,
beginning to identify local barriers to adopting
essential birth practices, and engaging in prob-
lem solving to begin resolving those barriers.
BetterBirth Coaches led a “launch event” with
facility personnel, seeking both to strengthen
the sense of responsibility and motivation for
ensuring high-quality care in childbirth services
and to create an atmosphere of excitement and
inspiration that would build confidence in the
idea of behavior and system change.

During the Launch stage in the BetterBirth
Trial, coaches used a flipbook illustrated with
diagrams of SCC essential birth practices and

motivational multimedia presentations to engage
participants in a discussion about why each prac-
tice on the SCC is critical for a safe childbirth.31–33

Coaches also facilitated a gap analysis, in which
each facility’s personnel—including those not
directly involved in providing care during child-
birth (e.g., pharmacists)—began the process of
identifying the barriers to using the SCC in their
facility and brainstorming resolutions for those
barriers. These participatory gap-analysis discus-
sions also served to guide coaches and coach team
leaders in choosing initial areas of focus.

The central goal of the Support stagewas to bol-
ster the adoption and ongoing use of the SCC
within facilities and to reinforce birth attendants’
adherence to essential birth practices. To this end,
coaches and coach team leaders visited facilities
and worked directly with birth attendants and fa-
cility leaders (as well as with other facility person-
nel) to increase motivation, collect data, provide
feedback, and problem solve around barriers to
behavior change.

The Support stage of the BetterBirth Trial in
Uttar Pradesh involved coaches visiting each inter-
vention facility 43 times over 8 months. During
the first 4 months, coaches visited each facility
twice per week, then the frequency of their visits
tapered until they visited each facility only once
in the eighth month. Coach team leaders followed
a similar but less intensive schedule, visiting each
facility 23 times. Each coach was responsible for
2–4 facilities at a time; each coach team leader
managed 4–5 facilities at a time.

BetterBirth Sustainability Plan: Coaching for
Empowerment and the Childbirth Quality
Coordinator
BetterBirth Coaches and Coach Team Leaders
provided neither monetary nor other material

FIGURE 2. BetterBirth Implementation Pathway, Uttar Pradesh, India

Coaches visited
each intervention
facility 43 times
over an 8-month
period.
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benefits to the individuals or facilities they
coached, nor did they offer those individuals direct
skills training. Instead, a coach’s central goal was
to empower health facility leadership and staff.
Coaching helped birth attendants and facility and
district leaders to recognize the barriers they faced
in using the SCC, and helped them develop the
strategies to resolve those barriers by using the
resources already available within the facility and
the district—and, when possible, by strengthening
the facility and district systems to support the use
of the SCC. By empowering the birth attendants
and facility and district leaders through coach-
ing, the BetterBirth Program sought to create
culture and capacity change that would last
beyond the coaches’ visits. As one birth attend-
ant commented:

My coach helps to show me the path to where the solu-
tion exists. Now I feel confident to bring up issues to the
MOIC [Medical Officer In Charge] or LMO [Lady
Medical Officer].

During the Support stage, coaches also collab-
orated with the personnel in each facility in order
to produce a local sustainability plan for continu-
ing to pursue the goals, methods, and effects of
the program after the coaches moved on to other
facilities. The local sustainability plan offered fa-
cility personnel another tool with which they
could continue to practice and advocate better
safety and quality of facility-based childbirth
care.

As a second part of the sustainability plan, a
CQC was collaboratively chosen early in the
BetterBirth Program by coaches and facility lead-
ers to be the “local champion” of the SCC. The
choice of facility CQC was based on a staff mem-
ber’s motivation and interest in the BetterBirth
Program, his or her ability to influence and coach
others, and the level of respect she or he held
among other facility- and district-level personnel,
rather than on his or her title or role in the facility.
With support from coaches and facility leaders,
the CQC was responsible for the use of the SCC
within the facility during and after the imple-
mentation of the BetterBirth Program, making
certain that the facility practiced the principles
embodied by the BetterBirth Coaches, even
when those coaches were not present. According
to one CQC:

We gained energy to continue quality and infection con-
trol measures and keep on improving [the] BetterBirth
Program.

Once the CQC was identified during the first
2 months of coaching, coaches oriented and sup-
ported CQCs in basic coaching skills for approxi-
mately 6 months before the intervention period
ended. Within the intervention period, a formal
training session was also organized at the district
level to train the facility and district CQCs in
observation and data collection techniques, deliv-
ering feedback, and other coaching methods.
Practically, the CQC oriented new staff to the
SCC, and continually motivated all staff in its
adoption and use, and monitored and aided staff
members in collaboratively addressing facility-
and district-level barriers to SCC adherence.
Another CQC reported:

. . . a very high motivation and self-confidence that safe
birth practices can be very well implemented and contin-
ued even in the absence of BetterBirth. I can manage
and check things and supplies very easily.

The CQC received no extra incentives for play-
ing this role within the facility or district.

LESSONS LEARNED
Although the BetterBirth Program revolved
around using the WHO Safe Childbirth Checklist
to improve essential birth practices, coaching was
at the core of the program. Recognizing that
checklists alone do not resolve all the barriers
to behavior change, we adapted lessons from
other behavior-change strategies, including the
Improvement Collaborative Approach, COPE,
and SBM-R,28–30 into a public health intervention
responsive to local needs. Further research is still
required to understand what components of
coaching, both individual and team-based, are
most effective in influencing behavior uptake and
other systemic change, and inwhich contexts. The
BetterBirth Program required performing the
coaching tasks (increasing motivation, measuring
and offering feedback, problem solving) and
operationalizing the coaching principles (multi-
level, collaborative, provider-centered) in order
to achieve adoption and sustained use of the SCC.
BetterBirth Coaches’ emphasis on relationship
building and respectful communication during
measurement-and-feedback and problem-solving
tasks helped in creating trust and influencing
change, even in situations where coaches were
less senior or less experienced than the birth
attendants they coached. However, in some facili-
ties, this age gap remained a challenge. Initial
results from pilot studies and data from the larger
trial have indicated that the program was able to

Checklists alone
do not resolve all
barriers to
behavior change.
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increase essential birth practices in facilities, even
when a coach was not present.19,34

At the same time, the implementation of the
intervention across 60 study facilities and 24 dis-
tricts (representing a population of approximately
60 million) in the state of Uttar Pradesh as part of
the BetterBirth Trial suggests that with the same
level of resources, the BetterBirth Program is rep-
licable in a variety of facilities in Uttar Pradesh and
in other similar contexts globally. We partially at-
tribute the scale-up to 60 sites to the robust cloud-
based data collection and feedback system, Pulse,
which proved to be a unique and valuable asset in
the process of coaching. However, lower-cost,
lower-tech models may also prove to be equally
effective in ensuring a robust monitoring and
data-feedback loop to facilitate bringing the
coaching-based intervention to scale.

Because we implemented the BetterBirth Pro-
gram in the context of a matched-pair, cluster-
randomized controlled trial, we followed a strict
trial protocol for the intensity and frequency
of coaching. For each of the 60 facilities, the
intervention closely adhered to the protocol and
the outlined implementation pathway (Engage,
Launch, and 43 Support visits). However, outside
of a trial context, a truly provider-centered (and
therefore adaptive) coaching approach would
involve adjusting the timing of coaching visits to
match the needs of the facilities and the hours of
birth attendants who had less exposure to
coaching during daylight hours. Still, several
organizations across India are currently testing
coaching-centered interventions of various inten-
sities, suggesting that a coaching-based model
could be realistic for this context, albeit with fewer
facility visits. Jhpiego’s SCC implementation
across the state of Rajasthan, India, includes
facility-based coaching visits every 2 weeks for the
first 2 months, followed by 4 once-per-month
coaching visits,35,36 and the Technical Support
Unit in Uttar Pradesh has implemented monthly
coaching visits for a period of 6 months for a child-
birth case-sheet.37,38 Given contextual limitations
(such as high transfer rates of facility staff across
Uttar Pradesh, includingCQCs, and the safety con-
cerns and significant distances that prevented the
all-female nurse coaches from coaching in facili-
ties after dark), we need more research on how to
best structure and customize coaching-centered
interventions like the BetterBirth Program in
order to achieve and sustain the most effective
adoption of essential birth practices.

CONCLUSION
The BetterBirth Program was centered around
coaching in an effort to encourage the consistent,
effective delivery of essential birth practices
through adoption and use of the SCC, and to sus-
tain this change through individual and facility- or
team-level empowerment. The trial showed an
improvement in performance of these practices af-
ter only 2 months of the intervention.34 These
results suggest that the BetterBirth strategy of
implementing the WHO SCC with coaching can
be a method for achieving change in facility-
based childbirth care.34 However, further research
is needed to clarify which aspects of coaching-
centered interventions contributemost to increas-
ing use and sustainability of the SCC and to
consistent adoption of essential birth practices.
Other coaching-based interventions using the
SCC have incorporated technical skills training in
addition to coaching.35,37,39 For example, Jhpiego
incorporated a 1.5-day clinical training,35 and the
Technical Support Unit created a 3-day technical
training.37,38 Additional research is needed to
understand which components of these coaching-
based interventions influence sustainable behavior
change and consistent application of essential birth
practices using the SCC. Should health systems
choose to integrate such a strategy to improve qual-
ity of care, understanding how it should be inte-
grated into existing supervision models will be
important. The goal of the BetterBirth Trial was
to test effectiveness of a coaching-based approach
to improve quality of care. Therefore, a highly
structured, intensive intervention protocol was
developed, based on the best available evidence
on intensity and duration of coaching. Some ele-
ments to enhance sustainability were incorpo-
rated, such as the CQC, but overall, BetterBirth
was designed to test effectiveness rather than sus-
tainability. Therefore, there is ample scope for
additional programmatic innovation to develop
more sustainable models. As this becomes a public
model for improving facility-based quality of care,
sustaining funding for coaching visits and under-
standing how to prioritize among facilities appro-
priately will be important factors for sustainability
and feasibility.
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Improving Adherence to Essential Birth Practices Using the
WHO Safe Childbirth Checklist With Peer Coaching:
Experience From 60 Public Health Facilities in Uttar Pradesh,
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Implementation of the WHO Safe Childbirth Checklist with peer coaching resulted in >90% adherence to
35 of 39 essential birth practices among birth attendants after 8 months, but adherence to some practices
was lower when the coach was absent.
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ABSTRACT
Background: Adherence to evidence-based essential birth practices is critical for improving health outcomes for mothers
and newborns. The WHO Safe Childbirth Checklist (SCC) incorporates these practices, which occur during 4 critical pause
points: on admission, before pushing (or cesarean delivery), soon after birth, and before discharge. A peer-coaching strategy
to support consistent use of the SCC may be an effective approach to increase birth attendants’ adherence to these practices.
Methods: We assessed data from 60 public health facilities in Uttar Pradesh, India, that received an 8-month stag-
gered coaching intervention from December 2014 to September 2016 as part of the BetterBirth Trial, which is studying
effectiveness of an SCC-centered intervention on maternal and neonatal harm. Nurse coaches recorded birth attend-
ants’ adherence to 39 essential birth practices. Practice adherence was calculated for each intervention month. After
2 months of coaching, a subsample of 15 facilities was selected for independent observation when the coach was
not present. We compared adherence to the 18 practices recorded by both coaches and independent observers.
Results: Coaches observed birth attendants’ behavior during 5,971 deliveries. By the final month of the intervention,
35 of 39 essential birth practiceshadachieved>90%adherence in thepresenceofa coach, comparedwithonly7of39prac-
tices during the first month. Key behaviors with the greatest improvement included explanation of danger signs, temperature

measurement, assessment of fetal heart sounds, initiation of
skin-to-skin contact, and breastfeeding. Without a coach
present,birthattendants’averageadherence topracticesand
checklist use was 24 percentage points lower than when a
coachwaspresent (range:�1% to 62%).
Conclusion: Implementation of the WHO Safe Childbirth
Checklist with coaching improved uptake of and adherence
to essential birthpractices.Coordinationandcommunication
among facility staff, as well as behaviors with an immediate,
tangible benefit, showed the greatest improvement. Difficult-
to-perform behaviors and those with delayed or theoretical
benefits were less likely to be sustained without a coach pres-
ent. Coaching may be an important component in imple-
menting the Safe Childbirth Checklist at scale.
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Note: At the time of publication of this article, the results of evaluation of the impact of the BetterBirth inter-
vention were pending publication in another journal. After the impact findings have been published, we will
update this article on the effect of the intervention on birth practices with a reference to the impact findings.

BACKGROUND

Childbirth and the first 24 hours postpartum
remains a precarious time for both mother

and newborn despite improvements in maternal
and neonatal mortality over the past 2 decades.1–3

Previously, poor outcomes were thought to result
primarily from childbirth occurring outside of
health care facilities and from lack of access to
skilled care. However, strategies such as the Janani
Suraksha Yojana (JSY) program in India have
increased rates of facility-based childbirth without
significantly decreasing maternal and neonatal
mortality.4–7 Thus, improving the quality of care
provided during facility-based childbirth is a key
strategy to decrease maternal and neonatal mortal-
ity globally.8 The World Health Organization
(WHO) Quality of Care Framework for Maternal and
Neonatal Health describes quality care as being safe,
effective, timely, efficient, equitable, and people-
centered.9 Use of evidenced-based practices for
routine care and management of complications is
key to achievement of high quality of care.10

Essential birth practices that reduce harm and
save lives during childbirth are well documented,
butalltoooften,theyarenotperformed.Otherareas
ofhealthcarehaveusedachecklist-basedapproach
to address this “know-do” gap.11,12 WHO’s Safe
Childbirth Checklist (SCC), developed in 2009, is a
low-cost tool thatcodifies theseessentialbirthprac-
tices in a format designed to be accessible to birth
attendantstoensurethattimely,lifesavingpractices
are performed for every facility-based birth, thus
improvingthequalityofcare.13,14

Checklists are job aids designed to support rou-
tine adherence to evidence-based practices, and as
such are intended to change health care workers’
behaviors.15 Job aids alone have not been found to
improve health care workers’ performance,16 and
experiencewith implementing checklists has dem-
onstrated that additional strategies are needed to
promotebehavior change.17Previous studiesof the
SCC have suggested that peer coaching based on
feedback about SCC use,18 ensuring buy-in from
the larger health care system, and integrating the
SCC into existing workflows19 increased the likeli-
hood of making real, sustained improvements in
the quality of facility-based childbirth care. The
BetterBirth Program—an intervention aiming for
sustained SCC adoption through coaching-based
implementation—was developed based on lessons

learned from early implementations of the SCC
and fromotherquality-improvementprojects.20,21

We aimed to assess whether the behavior
change intervention of this SCC-based peer-
coaching program was associated with improved
performance of essential birth practices during
facility-based childbirth care. First, we examined
birthattendants’adherencetoasetofessentialbirth
practices in60interventionfacilities,asobservedby
a coach. Then, in a subset of these facilities, we
employed independent observers to verify adher-
ence to thesepractices in theabsenceof the coach.

METHODS

Study Design
The BetterBirth Trial was a matched-pair, cluster-
randomized controlled trial conducted in Uttar
Pradesh, India, to test whether the introduction
of the SCC paired with peer coaching—the
BetterBirth Program—could reduce maternal
morbidity and mortality and perinatal mortality
in 120 health care facilities (60 intervention facili-
ties and 60 control facilities receiving standard of
care) (ClinicalTrials.gov: NCT2148952; Universal
Trial Number: U1111-1131-5647). Themethodol-
ogy of the trial is available elsewhere,20 and a
detailed description of the intervention is pub-
lished as a companion article in this issue of
Global Health: Science and Practice21; reporting on
the impact of the intervention on perinatal mor-
tality, maternal mortality, and severe maternal
morbidity is forthcoming.

Intervention: The BetterBirth Program
The BetterBirth Program supported adoption and
use of the SCC using a 3-pronged implementation
pathway (Box)21:

1. Engagement with facility leaders and govern-
ment officials at the district and state level

2. A 2-daymotivational launch event of the SCC
for facility staff

3. Support to birth attendants, facility leaders,
and government officials through visitation
of peer coaches to give regular feedback

The interventionusedacoachingstrategyas the
primarymechanismtoencouragebehavior change
among health care workers. Coaches were trained

Essential birth
practices that
reduce harm and
save lives during
childbirth are well
documented but
often not
performed.

We aimed to
assess whether
implementation of
theWHOSafe
Childbirth
Checklistwithpeer
coachingwas
associatedwith
improved
performance of
essential birth
practices.

The BetterBirth
Program used a
3-pronged
approach to
support adoption
and use of the
WHOSafe
Childbirth
Checklist:
engagement with
key stakeholders,
amotivational
launch event, and
peer-coaching
support to birth
attendants.
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nurses whoworked directly with birth attendants.
Coachteamleadersweretrainedphysiciansorpub-
lic health leaders whoworked directly with facility
leaders and government officials and who super-
visedthenursecoaches.Coaches visited the facility
twice weekly during the early stages of the inter-
vention, with the frequency of visits decreasing to
once monthly by the end of the intervention, for a
total of 43 visits over an 8-month period. Coaches
did not provide patient care. Although coaches
did not clinically intervene in emergencies, if
needed they could escalate emergency situations
to be addressed by a medical officer at the facility.
Additionally, coaches had the discretion to en-
courage appropriate referral of a mother or a baby
before, during, or after patient observation, as this
is directly related to the SCC.

Birth attendants were coached to use the SCC
at 4 critical “pause points” during childbirth:

1. On admission

2. Before pushing or before cesarean delivery

3. Soon after birth (within 1 hour)

4. Before discharge

The paper-based checklist itself was commonly
attached to a mother’s chart or bedhead ticket for
ease of reference and so completed tasks could be
checked off for each patient at each pause point.
Posters of the SCC were also posted on the wall in
the delivery area.

The BetterBirth intervention used a behavior
change framework to facilitate the adherence to
checklist-based essential practices.22,23 The core of
this framework is characterized by coaching birth
attendants and leaders to recognize gaps in essen-
tial birth practices, barriers to delivering them, and
solutions forovercoming thosebarriers. To support
ongoing facility-level adherence to essential prac-
tices, a facility staff member was identified and
trained to support SCC use after the intervention
was completed. The program is described in more
detail elsewhere.18,20,21 Technical training and
supplies were not provided. Instead, coaches and
team leaders worked with facility staff to resolve
these barriers through existing channels. Control
sites in the BetterBirth Trial received the standard
of care. Although Indian national guidelines rec-
ommend use of the SCC,24 we did not observe its
use at any control facilities throughout the trial.

Setting and Site Selection
Uttar Pradesh, India’s most populous state, has
some of the highest maternal mortality ratios and

BOX. The BetterBirth Intervention
TOOLS
TheWorld Health Organization Safe Childbirth Checklist
(SCC) comprises 28 essential birth practices to improve the quality of
labor and delivery care.
Pulse is an electronic data management system for quality improve-
ment. Coaches entered their observations of birth attendants’ behav-
ior into Pulse via mobile-phone apps; Pulse then generated real-time
“heat maps” to guide facility staff to identify gaps in care and find
effective solutions.

STRATEGY: COACHING FOR EMPOWERMENT
Goals of coaching:
� Motivating birth attendants to change their practices.
� Observing, recording, and feeding back information about birth

attendants’ behavior.
� Supporting birth attendants to problem solve and resolve barriers

to essential practices.
Principles of coaching:
� Multilevel: Coaches worked with birth attendants, and coach team

leaders worked with facility and district leadership to problem
solve and facilitate change across the health system.

� Collaborative: Coaches and birth attendants had supportive, con-
structive, respectful, peer-to-peer relationships.

� Provider-centered: Coaches responded to the needs of the birth
attendants and facility and district leaders with whom they worked
rather than following a predetermined agenda.

IMPLEMENTATION: ENGAGE-LAUNCH-SUPPORT
� Engage: Program goals and strategies were introduced to lead-

ership at the national, state, and district level.
� Launch: A motivational event at each facility introduced the sig-

nificance of the tools, explained the coaching strategy, and
enlisted the participation of staff in a needs assessment.

� Support: Nurse coaches supported SCC adoption and quality
improvement by making 43 visits to each facility over 8 months
(twice weekly for months 1–4; once weekly for months 5–6; fort-
nightly for month 7; and monthly for month 8). Coach team lead-
ers, who were physicians or public health professionals,
accompanied coaches on half of the visits in order to address
system-level and supply issues at the facility.

SUSTAINABILITY PLAN
A motivated and respected staff member was selected by facility lead-
ership to be a childbirth quality coordinator (CQC) at each facility.
The CQC worked closely with team leaders to improve quality of
care and champion the SCC beyond the BetterBirth Program.
For a detailed description of the intervention, see Kara, Firestone,
Kalita, et al. (2017).21
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neonatal mortality rates.25 Across the state, 773
community health centers (CHCs) and 3,497 pri-
mary health centers (PHCs) serve as public-sector
facilities to provide health services, including
obstetric care, for nearly 200million inhabitants of
thestate.25Patientswithmajorcomplicationsneed-
ing a cesarean delivery or blood transfusion are
referred to a district hospital or a CHC first referral
unit (CHC-FRU).

The BetterBirth Program was implemented in
60 public-sector facilities, including PHCs, CHCs,
and CHC-FRUs, across 24 districts of Uttar Pradesh
from December 2014 to September 2016. Site
selection for the overall trial and batch-wise imple-
mentation is described elsewhere.20Of the 60 inter-
vention facilities, a pragmatic sample of 15 facilities
was selected basedongeographic location, inwhich
independent observers recorded birth attendant
behavior when coacheswere absent.

Outcomes of Interest
For the primary analysis, we operationalized the
28 items on the SCC into 43 discrete measures

(39 essential practices related to patient care and
supply preparation plus 4 measures of checklist
use) (Table 1), as some of the items on the check-
list require multiple steps. For example, the first
checklist item—”Does mother need referral?”—
requires a birth attendant to separately measure
temperature to assess for fever, to measure blood
pressure to assess for preeclampsia, and to assess
the fetal heart sounds to detect fetal distress. We
selected measures that could be clearly observed
by a coach who was standing nearby.

For the subanalysis of 15 facilities conducted
after the first 2 months of coaching were com-
pleted, the outcome of interest was the differ-
ence between birth attendants’ adherence to
essential birth practices in the presence of a
coach and birth attendants’ behavior docu-
mented by independent observers in the absence
of the coach. Since not all observed behaviors
were recorded in the same way by the coaches
and independent observers due to differences in
data collection procedures, we included only the

TABLE 1. Essential Birth Practices Observed by Peer Coaches, by SCC Pause Pointa

Pause Point 1:
On Admission

Pause Point 2:
Before Pushing

Pause Point 3:
Within 1 Hour of Delivery

Pause Point 4:
Before Discharge

� Mother's temperature
on admission

� Mother's blood pres-
sure on admission

� Measurement of fetal
heart sounds

� Vaginal exam done
* If yes, hand

hygiene before
exam (soap and
water or alcohol
rub)

* If yes, gloves worn
for exam

� Danger signs
explained to mother
or birth companion at
admission

� Checklist use at
admission

� Mother's temperature before
delivery

� Mother's blood pressure before
delivery

� Clean towel available at
bedside

� Gloves available at bedside
� Pads available at bedside
� Oxytocin available at bedside
� Blade available at bedside
� Cord ligature available at

bedside
� Mucus extractor available at

bedside
� Neonatal bag and mask avail-

able at bedside
� Hand hygiene before delivery

(soap and water or alcohol
rub)

� Checklist use before delivery

� Glove use at birth
� Was baby breathing assessed at

birth?
� Skin-to-skin immediately after

birth
� Oxytocin given 1 minute after

birth
� Check bleeding after delivery
� Mother’s temperature after delivery
� Mother’s blood pressure after

delivery
� Baby’s temperature after delivery
� Baby’s weight
� Breastfeeding initiation
� Danger signs explained to mother

or birth companion after delivery
� Skin-to-skin at 1 hour
� Checklist use after delivery

� Check bleeding before
discharge

� Mother’s temperature
before discharge

� Baby’s temperature before
discharge

� Check baby breathing
before discharge

� Check baby feeding before
discharge

� BCG vaccine given
� OPV given
� Family planning discussed
� Danger signs explained to

mother or birth companion
before discharge

� Checklist use before
discharge

Abbreviations: BCG, bacille Calmette-Guérin; OPV, oral polio vaccine; SCC, Safe Childbirth Checklist.
a Bolded practices (n=18) were observed by both coaches and independent observers.
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18 overlapping checklist-related behaviors in the
analysis (Table 1).

Data Collection
Coach Observation
Coaches used standardized tools to document SCC
use and adherence to essential birth practices at
the 4 pause points listed on the SCC. Deliveries
were selected for observation based on if a patient
was present and a birth attendant was available to
be observed for at least 1 complete pause point.
Birth attendants could be observed for 1 or more
pause points at each delivery. During the 8-month
intervention, coaches attempted to observe each
birth attendant at a facility multiple times. Data
were first collected on paper forms while observ-
ing childbirth and subsequently entered into a
mobile phone-based CommCare app (Dimagi,
Cambridge, MA) on the same day but after the
coach left the patient care area. Practices were
coded as either “completed” (green), “completed
after prompt” (yellow), or “not completed” (red)
and transformed into a standardized heat map
report, displayable on a mobile device for coaches
and team leaders to report back to birth attend-
ants and facility leadership on adherence to the
SCC and to essential birth practices.21

Independent Observation
For the subanalysis, independent observers as-
sessed SCC use and birth attendants’ adherence
to essential birth practices. Starting during the
eighth week of coaching, independent observers
visited facilities on non-coaching days to record
adherence to essential practices. Independent ob-
servers collected data for a period of 6 to 12weeks,
depending on the delivery load of the facility, with
a goal to reach 240 pause point observations per
facility. Independent observers selected any case
for which a pause point could be observed from
start to finish. A mother was observed for as
many pause points as possible. Data collected by
independent observers were considered a proxy
for birth attendant behavior under everyday con-
ditions at the facility.

Independent observers were nurses trained in
childbirth who used a standardized tool to record
behavioral data. Intensive training to ensure data
quality was provided.26 Similar to coaches, inde-
pendent observers recorded data on all behaviors
within a specific pause point; birth attendants
could be observed for 1 or more pause points.
Due to differences in how facilities handled the
process of patient discharge, independent observ-
ers did not observe the fourth pause point of the

SCC (“before discharge”). Independent observers
also first recorded data on paper forms and subse-
quently entered the data into an app on the same
day after leaving the patient care area. Data col-
lected by independent observers were not shared
with facility staff. Moreover, in emergency situa-
tions, independent observers did not provide care
nor did they intervene to facilitate a response.

Data Analysis
We analyzed adherence to each of the 43 coach-
observed practices by month over the 8-month
intervention. First, we calculated an adherence
proportion for each behavior based on the number
of times a behavior was completed divided by the
number of times that a behavior was expected to
be completed at a given pause point.We then plot-
ted this proportion across the 8 months of the
intervention to understand how adherence to
essential practices changed over time.

Since coaches visited facilities only fortnightly
or monthly by the seventh and eighth months of
the intervention, data from these 2 months were
combined (represented as Month 7). We used
percentage-point differences to compare adher-
ence during Month 7 versus Month 1 and allo-
cated behaviors into 3 categories:

1. Minimal improvement (<15percentage-point
absolute difference)

2. Moderate improvement (15 to 24 percentage-
point absolute difference)

3. Major improvement (≥25 percentage-point
absolute difference)

We developed a logistic regression model for
each behavior to assess the probability of birth
attendants’ adherence to a given behavior across
the 8 months of the intervention, controlling for
facility clustering using dummy variables for facil-
ity. We calculated odds ratios and 95% confidence
intervals to test how adherence changed over
time. Results were considered statistically signifi-
cant at P<.05.

For the subanalysis, we calculated adherence
to each of the 18 measured practices recorded by
both nurse coaches and independent observers.
We used percentage-point differences to compare
adherence when a coach was present versus ab-
sent. Each behavior was categorized as having a:

1. Minimal difference (<15 percentage-point
absolute difference)

2. Moderate difference (15 to 24 percentage-
point absolute difference)

WHO Safe Childbirth Checklist Implementation in Uttar Pradesh, India www.ghspjournal.org

Global Health: Science and Practice 2017 | Volume 5 | Number 2 221

http://www.ghspjournal.org


3. Major difference (≥25 percentage-point abso-
lute difference)

A Rao-Scott chi-square test was used to adjust for
clustering within facility when comparing the
overall proportion of practices completed between
coaches and independent observers.We also com-
pared adherence rates reported by coaches at the
15 sites of the subanalysis with the 45 sites not
included in the subanalysis to assess differences
between the 2 groups. All data analyses were con-
ducted using Stata SE 13.1 for Mac and Microsoft
Excel 2011.

Qualitative Study to Explore Explanatory
Factors
As a strategy to improve the quality and effec-
tiveness of the BetterBirth Program, we used
an explanatory qualitative study. We presented
adherence rates documented by coaches and in-
dependentobservers tomembersof the field imple-
mentation staff during a week-long workshop in
September 2016. Successes and challenges related
to birth attendants’ adherence to individual
behaviors were discussed and documented.

Ethics Approval and Consent Process
The BetterBirth Trial, including data for this anal-
ysis, was approved by the Harvard T.H. Chan
School of Public Health Institutional Review
Board, the World Health Organization Ethics
Review Board, the Population Services Inter-
national Research Ethics Board, the Community
Empowerment Labs Ethics Review Committee,
and the Jawaharlal Nehru Medical College-
Belgaum Ethics Review Board. All activities were
conducted in partnership with the Government of
Uttar Pradesh.

For coaching, each facility and birth attendant
formally agreed to participate in the BetterBirth
Program as a quality improvement initiative at
the beginning of the intervention. Coaches accom-
panied birth attendants during their work shift
and documented practices during patient-care
activities at the facility. Coaches did not collect
any patient identifiers.

For independent observation, each facility and
birth attendant formally agreed to participate in
the study. Since these data were collected solely
for the purpose of research as part of the larger
BetterBirth Trial, and identifying information of
themother was collected, amore rigorous consent
process was used. Prior to each observation, inde-
pendent observers verbally confirmed that the

birth attendant agreed to be observed. Patients
signed written consent to have independent
observers present during their care.

RESULTS

Coach Observers
In 60 public health facilities during 8 months of
intervention, coaches observed care provided by
birth attendants during 5,971 deliveries at 1 or
more pause points during childbirth. Additional
facility characteristics and intervention process
measures are available in Supplement 1. By the
final month of the intervention, 35 of 39 essen-
tial practices had achieved >90% adherence in
the presence of a coach (Supplement 2), com-
pared with only 7 of 39 practices that had
achieved this level of adherence during the first
month (Figure 1). Throughout the intervention,
coaches observed consistently high adherence to
the preparation of birth supplies at the bedside,
with nearly 100% adherence noted by the second
month of coaching.

Essential birth practices with the greatest
absolute increase in adherence over time in-
cluded explaining danger signs to the mother
or to her birth companion on admission (45% to
96%; P<.001) and after delivery (54% to 92%;
P<.001), measurement of baby’s temperature
(57% to 93%; P<.001), measurement of mother’s
temperature before (46% to 81%; P<.001) and af-
ter delivery (65% to 95%; P<.001), and measure-
ment of fetal heart sounds on admission (62% to
97%; P<.001) (Figure 2 and Supplement 2). More
moderate increases were seen across other prac-
tices, including oxytocin administration within
1 minute of delivery (81% to 99%; P<.001), skin-
to-skin infant care (71% to 94%; P<.001), and
hand hygiene before delivery (76% to 94%;
P<.001). Across all 39 behaviors, improvements
ranged from an absolute increase of 2 percentage
points to 51 percentage points from the first to the
finalmonth.

Behaviors that did not attain an adherence rate
of 90%or above for anymonth of the intervention
included measurement of a mother’s temperature
(46%to81%;P<.001) andbloodpressure (53%to
80%; P<.001) before delivery, as well as adminis-
tration of bacille Calmette-Guérin (BCG) vaccine
(75% to 87%; P<.001) and the oral polio vaccine
(OPV) (86% to 89%; P<.001) to an infant before
discharge.

Checklist use at each pause point increased
between the first and final month of coaching,
including checklist use on admission (84% to

35 of 39 essential
birth practices had
achieved>90%
adherence in the
presence of a
coach by the final
month of the
intervention.

Behaviors that did
not reach>90%
adherence
consisted of
measurement of a
mother’s
temperature and
blood pressure
before delivery
and
administration of
BCG and oral
polio vaccines to
an infant before
discharge.
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98%; P=.002), before delivery (66% to 94%; P<
.001), after delivery (75% to 95%; P<.001), and
before discharge (90% to 99%; P<.001).

Independent Observers
In the subset of 15 facilities, independent observ-
ers documented essential practices after 2 months
of coaching on 1,277 deliveries at 1 or more pause
points, while coaches observed 736 deliveries
over the same 12-week period in the same fa-
cility. There was an absolute difference of 24 per-
centage points (range: �1 to 62 percentage
points) in the proportion of the 18 practices
completed when the coach was present versus
absent (Figure 3 and Supplement 3). Of the
essential birth practices recorded by both coaches
and independent observers, a minimal absolute
difference (<15 percentage points) in levels of
adherence was observed for preparation of sup-
plies including cord ligature, neonatal bag and
mask, mucus extractor, pads and clean towel,
weighing of the baby, glove use during delivery,
and immediate skin-to-skin care. A moderate

absolute difference (15 to 24 percentage points)
was observed across 3 behaviors, including prac-
tices such as oxytocin administration within 1 mi-
nute of birth and breastfeeding within 1 hour of
birth. A major absolute difference (>25 percent-
age points) was seen with hand hygiene, meas-
uring the baby’s temperature, and measuring
the mother’s blood pressure and temperature.
We found no major differences between the
coach-recorded adherence rate in the 15 facilities
of the subanalysis versus the 45 facilities not in
the subanalysis.

Through the explanatory exercise conducted
with the BetterBirth Program implementation
team, we documented experiences from the field
related to coaching on various behaviors (Table
2). In particular, many of the practices with the
greatest improvements in adherence were those
inwhich the birth attendants saw tangible benefits
to implementing them, such as checking the
mother for bleeding after delivery to recognize
hemorrhage early, when it is easier to treat, and
initiating immediate skin-to-skin contact between
baby and mother to better regulate temperature

FIGURE 1. Essential Birth Practices Consistently Performed by Birth Attendants in 60 Facilities Across the 8-Month
BetterBirth Intervention, Uttar Pradesh, India
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Vaginal exam done on admission (N=2258)

Glove use at birth (N=2350)

Baby's breathing evaluated after birth (n=2350)

Cord ligature available at bedside (N=2334)

Gloves available at bedside(N=2334)

Blade available at bedside (N=2334)

Baby's weight (N=2359)

There was an
absolute
difference of 24
percentage points
in the proportion
of the 18 practices
completedwhen a
coach was present
versus absent.
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andmore easily initiate breastfeeding. Those prac-
tices with minimal improvement, namely, BCG
vaccine and OPV administration, may have been
due to incentives to minimize waste; for example,
each BCG vial contained 10 doses, so coaches
observed birth attendants avoiding administra-
tion unless a certain number of babies was pres-
ent to avoid wasting vaccines.

DISCUSSION
Implementation of the WHO Safe Childbirth
Checklist with peer coaching and data feedback
was associated with improved uptake of essential
birth practices among birth attendants in the pres-
ence of a coach. We found greater than 90% ad-
herence by the final month of the intervention
for 35 of 39 essential birth practices when a coach
was present, compared with only 7 of 39 practices
during the first intervention month. However,
when coaches were not present, independent

observers noted an average absolute difference of
24 percentage points in adherence in a subset of
behaviors after 2 months of coaching.

Pilot testing of SCC implementation using a
multilevel coaching approach in Karnataka, India,
which served as a model for the larger BetterBirth
Program in Uttar Pradesh, found similar improve-
ments in the overall number of essential birth
practices completed.27 Other coaching or nurse
mentoring programs designed to improve facility-
based childbirth care have additionally included
program-provided birth-related supplies28 or tech-
nical training29 while requiring relatively fewer
coaching visits; these programs have found similar
increases in the number of essential practices per-
formed by birth attendants, although strategies to
measure practice adherence varied across studies.
Other attempts to improve the quality of child-
birth using the SCC without peer coaching, such
as in a tertiary hospital in Sri Lanka, found poor
levels of adoption.30

FIGURE 2. Essential Birth Practices With the Greatest Increase in Adherence by Birth Attendants in 60 Facilities Across the
8-Month BetterBirth Intervention, Uttar Pradesh, India
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Hand hygiene before vaginal exam
(N=2233)

 Mother's temperature after delivery
(N=2359)

Fetal heart sounds measured (N=2258)

Mother's temperature before delivery
(N=2334)

Baby's temperature after delivery (N=2359)

Danger signs explained to mother or birth
companion after delivery (N=2359)

Danger signs explained to mother or birth
companion on admission (N=2258)
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Using a coaching-based implementation of the
SCC in Uttar Pradesh, we have identified a num-
ber of themes that may account for the patterns
of improvement observed, including degree of
change and level of adoption, which may have
broader implications for implementing the SCC in
other settings.

Behaviors With Highly Visible Benefits
Health care workers do not want to cause harm
and are often reluctant to try new ways of doing
things.31 Available evidence suggests that experi-
encing immediate, visible benefits from a new
practice increases the likelihood that an individual
will repeat the new practice; this visibility can sup-
port behavior change and habit formation.32,33

For birth attendants in intervention facilities,
essential birth practices with tangible benefits
were more easily incorporated into routine prac-
tice. These early wins helped to increase birth
attendants’ interest and commitment to incorpo-
rating essential practices on the SCC into their
daily routines. For example, soon after initiation
of coaching, birth attendants in many facilities

reported switching their use of oxytocin from in-
travenous administration to augment labor to
intramuscular administration immediately post-
partum, which they felt reduced the incidence of
hemorrhage and fetal distress. This represents a
lifesaving improvement in care and complies with
WHO guidelines for the Active Management of
the Third Stage of Labor (AMTSL) that every
woman should receive a uterotonic soon after
delivery to prevent hemorrhage.34,35 Likewise,
although immediate skin-to-skin contact was not
common practice, with coaching support birth
attendants recognized tangible improvements in
babies’ status, including better temperature regu-
lation and easier initiation of breastfeeding. A
third behavior with visible benefits was for the
birth attendant to check the mother for bleeding
after delivery and before discharge. Although
postpartum hemorrhage is a well-known cause of
maternal mortality, routinely checking for bleed-
ing in the mother was frequently skipped. With
coaching reminders, birth attendants saw the
value of routinely assessing bleeding in order to
recognize hemorrhage early.

FIGURE 3. Adherence to Essential Birth Practices by Birth Attendants in 15 Facilities, as Observed by Coaches Versus
Independent Observers (With Coaches Absent) After 2 Months of the BetterBirth Intervention, Uttar Pradesh, India
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TABLE 2. Implementation Experience of Coaches and Independent Observers on Implementing the WHO Safe Childbirth
Checklist in Uttar Pradesh, India

Summary of
Coach-Observed
Adherence Over
Intervention
Period

Essential Birth
Practice Example

Average
Adherence
Level
Observed
by Coach

Absolute
Difference
Over Time
(Observed
by Coach)

Qualitative Summary of Coaches’
Implementation Experience

Summary of Independent
Observers’ Findings

Minimal improve-
ment (<15 per-
centage points)
due to high initial
adherence

Supply prepara-
tion before delivery
(gloves, cord liga-
ture, blade)

98%, 98%,
97%

6%, 5%, 8% Coaches used the SCC to encour-
age birth attendants and labor
room staff to prepare and organize
materials prior to deliveries or early
in the day so that supplies were
ready to use.

Supply preparation
remained consistent even
when the coach was absent

Measuring baby’s
weight after birth

93% 9% Measuring a baby’s weight is a
standard requirement in birth
registries and used to calculate
Vitamin K dosage, thus weight was
frequently taken. Additional pres-
sure from families to know a baby’s
birth weight contributed to high
adherence.

Measuring a baby’s weight
remained consistent even
when the coach was
absent.

Minimal improve-
ment (<15 per-
centage points)
achieved

BCG vaccine
administration

77% 13% Incentives at the facility and district
level to minimize waste may have
contributed to less consistent
administration of BCG and other
vaccines. Each BCG vial contained
10 doses; birth attendants were
observed to avoid administration
unless a certain number babies
were present to avoid wasting
vaccines.

N/A (not measured).

Oral polio vaccine
administration

87% 3%

Moderate
improvement (15
to 24 percentage-
point absolute
difference)

Hand hygiene
before delivery

90% 18% Coaches found that hand hygiene
was more consistently done before
delivery, compared with before a
vaginal exam during admission.

This behavior saw the
greatest difference
between coach and inde-
pendent observer (92% vs.
36%).

Oxytocin adminis-
tration within 1
minute of delivery

92% 19% Birth attendants noticed the effects
of changing the timing and route of
oxytocin administration—from IV
administration to augment labor to
IM administration immediately
postpartum—which they felt con-
tributed to decreased hemorrhage
and decreased fetal distress.

Moderate absolute differ-
ence (17 percentage
points) when the coach was
not present.

Skin-to-skin imme-
diately after birth

87% 23% Coaches observed that birth
attendants appreciated tangible
improvements in babies’ status
from initiating skin-to-skin immedi-
ately, including better temperature
regulation and easier initiation of
breastfeeding.

Minimal absolute differ-
ence (13 percentage
points) when the coach was
not present.

Continued
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TABLE 2. Continued

Summary of
Coach-Observed
Adherence Over
Intervention
Period

Essential Birth
Practice Example

Average
Adherence
Level
Observed
by Coach

Absolute
Difference
Over Time
(Observed
by Coach)

Qualitative Summary of Coaches’
Implementation Experience

Summary of Independent
Observers’ Findings

Greatest improve-
ment
(≥25 percentage-
point absolute
difference)

Check mother for
bleeding after
delivery

89% 26% Coaches noted that birth attendants
saw the value of routinely assessing
bleeding in order to recognize
hemorrhage early, when it is easier
to treat.

N/A (not measured).

Initiation of
breastfeeding

87% 27% Coaches felt that they were able to
reinforce the importance of this
practice due to the clear govern-
mental guidelines that promote
breastfeeding.

Moderate absolute differ-
ence (23 percentage
points) when the coach was
not present.

Skin-to-skin at 1
hour

83% 29% If skin-to-skin was not initiated im-
mediately, coaches found it difficult
to gain commitment to this practice,
as birth attendants faced compet-
ing priorities of needing to com-
plete birth-related paperwork and
families’ pressure to show the new-
born to relatives waiting outside of
the labor room.

N/A (not measured).

Temperature mea-
surement after
delivery (mother,
baby)

86%, 81% 30%, 36% Birth attendants commonly used
their hand to subjectively feel if a
patient had a fever and were satis-
fied with this method.
Thermometers may have been bro-
ken or misplaced. Many facilities
experienced unreliable electricity,
and thermometers were difficult to
read in dark rooms. Coaches found
that it was challenging to gain
commitment to this behavior.

Major absolute difference
in measurement of baby’s
temperature (48 percent-
age points) when the coach
was not present.
Independent observers did
not document mothers’
temperature after delivery.

Variable improve-
ment in checklist
use

Checklist use
On admission
Before delivery
After delivery
Before discharge

94%
87%
92%
97%

14%
28%
21%
9%

More structured patient assess-
ments that occurred on admission
and within 1 hour after birth were
conducive to SCC use. Just before
delivery was an extremely busy
time for birth attendants; birth
attendants frequently regarded re-
ferring to a checklist as more of a
burden or barrier to providing
timely care at pause point 2.
Because the SCC was a standalone
document and not integrated into
the existing patient record (bed-
head ticket), it was easy to over-
look. Coaches saw the importance
of advocating to the heads of
facilities to integrate the SCC into
the bedhead ticket.

Moderate to major abso-
lute difference when the
coach was not present
(38 percentage-point dif-
ference in checklist use on
admission, 62 percentage-
point difference before
delivery, 21 percentage-
point difference after deliv-
ery). Independent observ-
ers were not present at
discharge.

Abbreviations: BCG, bacille Calmette-Guérin; IM, intramuscular; IV, intravenous; SCC, Safe Childbirth Checklist; WHO, World Health Organization.
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Slow or Resistant Change
Checklist-related behaviors that required extra
effort with little visible benefit were more chal-
lenging for coaches to gain birth attendants’ buy-
in, even if there was a well-researched reason or
mandate to comply. For example, lack of compli-
ance with hand hygiene practices is a well-known
issue for health care workers.36 We found that
birth attendants would wash hands if a coach
was physically present, but when a coach was
not present birth attendants performed hand
hygiene on only 36% of occasions before delivery.
Although hand hygiene is critical for infection
prevention,37 symptoms generally do not occur
until after a mother and baby have been dis-
charged from the facility and no longer are receiv-
ing care from the birth attendants. Thus, lack of a
clear, immediate benefit from handwashing as
well as the additional time and effort needed to
perform the behavior likely limited the sustain-
ability of improvements in handwashing.

Likewise, using a thermometer to measure a
mother’s or baby’s temperature was not current
practice at many facilities at the beginning of the
intervention. Although adherence with this prac-
tice with the coach present was 95% for mother’s
temperature and 91% for baby’s temperature af-
ter just 2 months of the intervention, when
coaches were not present, temperature was meas-
ured for mothers in only 54% of occasions and in
babies in only 42% of occasions. Field staff
reported that birth attendants commonly used
their hand to subjectively feel if a patient had a
fever and were satisfied with this method, espe-
cially if a thermometer was missing. Additionally,
many facilities experienced unreliable electricity,
and thermometers are difficult to read in dark
rooms. The increased complexity of using a ther-
mometer instead of tactile approximation in addi-
tion to the difficulty of seeing the thermometer in
a dark room represent 2 unfortunate barriers that
have reduced adoption of new behaviors.33

Importance of Leadership Support
The SCC is included as part of the Government of
India Maternal and Newborn Health Toolkit24;
however, it has not been widely used in Uttar
Pradesh and was not in use at any participating fa-
cility at the start of the trial. Formally ensuring
state- and district-level administrative support for
the program and the subsequent 2-day training
for facility staff to launch the BetterBirth Program
at each facility may have contributed to the high
initial adherence to many essential birth practices

during the first month of the intervention (mean:
77%; range: 45% to 98%). This is especially rele-
vant given the low level of birth attendants’ ad-
herence to essential practices found in similar
studies in the region.38

Systems-Level Incentives
Certain essential birth practices were practiced in
most facilities from the beginning of the interven-
tion due to governmental oversight and required
documentation. For example, measuring a baby’s
weight following delivery is a standard require-
ment in birth registries and thus was frequently
performed. Breastfeeding, although also part of a
governmental promotion strategy, did not require
specific documentation and thus did not have the
same high level of adherence. However, behaviors
such as breastfeeding practices were responsive to
coaching and increased during the intervention,
with coaches reporting that this occurred because
they were able to reinforce the importance of the
practice due to the clear governmental guidelines.

Conversely, incentives at the facility and dis-
trict level to minimize waste may have contrib-
uted to less consistent administration of BCG and
other vaccines. Each vial contained 10 doses, and
birth attendants were observed to be avoiding
administration unless a number of babies were
present at once in order to not waste vaccine. Due
to limitations in data collection, we did not know
howmany babies returned to the facility at a later
date to receive the vaccines.

Integrating the SCC Into ExistingWorkflows
Encouraging the habit of SCC use had mixed suc-
cess. Themore structured patient assessments that
occurred on admission and within 1 hour after
birth were conducive to SCC use. However, just
before delivery (pause point 2) is an extremely
busy time for birth attendants; birth attendants fre-
quently regarded referring to a checklist asmore of
a burden or barrier to providing timely care at this
point. Because the SCC was not always well inte-
grated into the existing patient record (“bedhead
ticket”), it was easily overlooked. Practices that
improved at pause point 2, namely ensuring the
necessary supplieswere ready at the bedside, likely
improved through advance preparation of birth
trays with all necessary supplies at the start of the
shift.

Limitations
This analysis had a number of limitations. Given
the high level of adherence reported by coaches, it

Behaviors that
required extra
effort with little
visible benefit
weremore
challenging for
coaches to gain
birth attendants’
buy-in.

Some birth
practices were
practiced inmost
facilities from the
beginning due to
governmental
oversight and
required
documentation,
such asmeasuring
baby’s weight
after delivery.
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is possible that coaches may have overstated birth
attendants’ adherence due to social desirability or
fear of bad reviews if improvement was not seen.
Additionally, although we assume that adherence
to essential practices recorded by an independent
observer reflects normal day-to-day care, it is pos-
sible that we experienced a Hawthorne-like effect
in our measurements. However, Leonard and
Masatu found that while having an observer pres-
ent will cause clinicians to positively change their
behavior when first observed, clinicians return
to their typical practices after 10 to 15 observa-
tions.39 Since BetterBirth staff spent substantial
time at each facility, this may limit the influence of
any Hawthorne-like effect. To minimize bias, we
could have installed video cameras or another pas-
sive observation tool,40 but this approach was not
cost-effective for the scale of the intervention and
likely would not have been accepted by facility
staff, patients, or the Institutional Review Boards
reviewingthetrial’sethicalprocedures.

Observations were structured to record only
whether clinical practices occurred, such as taking
blood pressure and listening for fetal heart sounds.
We did not determine the accuracy of measures
taken by birth attendants or whether clinical prac-
tices, such as neonatal resuscitation, were con-
ducted correctly. A forthcoming analysis will look
at whether the intervention was associated with
reductions in maternal and neonatal mortality
and maternal morbidity.20 Additionally, for this
analysis we did not focus on the ultimate receivers
of care—the patients themselves—who may per-
ceive the performance of essential practices and
their overall quality of care differently.

Coaches and independent observers were not
able to document adherence to essential practices
at all pause points for all deliveries. For example,
neither coaches nor independent observers made
observations at night due to safety concerns for
study staff; practices at night may be different
than those during the day. Coaches worked with
birth attendants and facility staff in all interven-
tion facilities to standardize discharge procedures,
to improve the quality of recovery room offerings,
and to encouragewomen and their families to stay
for the minimally recommended 24 hours post-
birth. Nevertheless, many women left facilities
within 6 hours after birth due to family pressures
and lack of food availability, and these departures
were generally against medical advice. Because
women often leave without informing facility
staff, it was not possible for independent observers
to observe discharge procedures in a standard
manner across all study facilities.

Due to the small number of facilities
included in the subanalysis, we were unable to
confidently assess if particular facility character-
istics or programmatic factors were associated
with these differences. In comparing the coach-
recorded adherence rate in the 15 facilities of
the subanalysis versus the 45 facilities not in
the subanalysis, we found no major differences
between the 2 groups.

Future Research
While we advanced the understanding of how and
when checklists are used in the presence or ab-
sence of a peer-coach, there are many areas to
explore further. As part of the randomized con-
trolled trial, the BetterBirth Program used a stand-
ard number of coaching visits with a prescribed
frequency across all facilities. Further inquiry is
needed on how the frequency and length of
coaching can be structured to maximize sustained
behavior change. Additional research is also
needed to assess if there is a threshold level of ad-
herence to essential practices that would be associ-
ated with improvement in health outcomes since
consistent and complete adherence to the SCC
and essential birth practices may not be likely in
standard clinical practice. More research is needed
to understand if there are specific programmatic,
facility, or maternal characteristics that account
for differences in adherence and how the SCC
with coaching could operate as a team-based vs.
individual-level intervention for health care
workers. Sustainability will be assessed in a forth-
coming analysis that explores adherence to essen-
tial practices 12 months after the start of the
coaching program. Finally, a cost analysis of deliv-
ering this intervention in the context of Uttar
Pradesh is currently underway.

CONCLUSION
We conclude that coaching was effective in
increasing the uptake of birth attendants’ essential
birth practices when a coach was present, but ad-
herence to some behaviors was reduced when the
coach was absent. These findings will help to opti-
mize the use of peer coaches and improve overall
implementation of the SCC at future facilities, to
improve the quality of care available during child-
birth, and to understand how to improve behavior
change interventions with health care workers.
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Further research is
needed to
discover how the
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length of coaching
can be structured
tomaximize
sustained
behavior change.
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Abstract

Context: The salivary glands are the site of origin of a wide variety of neoplasms and are also relatively uncommon. The histopathology of these tumors is said to be the most complex
and diverse of any organ in the body. The incidence of salivary gland tumors (SGTs) is claimed to be influenced by geographical and racial factors. Histopathological diagnosis plays a
major role in the diagnosis of these neoplasms, with very few contribution using special stains, immunohistochemistry and cytogenetic studies. Aims: Aimed at understanding the
epidemiological pattern of these tumors and to compare our findings with reports done elsewhere. Settings and Design: This is a retrospective study done at Pathology Department a
Postgraduate Teaching Hospital, Tertiary Care Centre in Bagalkot, Karnataka, India. All the cases of SGTs, which had been recorded in a 3-year period from 2009 to 2012, were enrolled in
the study. Subjects and Methods: Clinical data were recorded and analyzed with respect to gender, age, site and histopathologic type. Results: Data of 59 cases of SGTs were recorded,
of which 43 (69.16%) cases were classified as benign tumors and 16 (22.39%) cases as malignant tumors. Male to female ratio (M/F) and the mean age of patients were 1:1.8 and 43
years, respectively. Pleomorphic adenoma (60.71%) and adenoid cystic carcinoma (14.94%) were the most common benign and malignant neoplasms. Conclusions: Although the SGTs
encountered were similar in most of their characteristics to those reported in India and other countries, some differences such as relative frequency, age and gender prevalence were
discovered. 
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 Introduction

Salivary gland tumors (SGTs) are rare and their annual incidence is <1/100,000 inhabitants, without noticeable geographical gap, and they represent <5% of head and neck tumors.[1]
These tumors show a striking range of morphological diversity between different tumor types and sometimes within an individual tumor mass. In addition, hybrid tumors,
dedifferentiation and the propensity for some benign tumors to progress to malignancy can confound histopathological interpretation.[2]

In India, overall incidence of SGTs can be ascertained from the cancer registry established by Indian Council of Medical Research.[3] However, the geographic area and population
covered by these registries are small and perhaps unrepresentative of the Indian population. In addition, there is a limited published literature on SGTs in Indian population.[4]

This study proposed to examine the histopathological features of various SGTs, aimed at understanding the epidemiological pattern of these tumors and to compare our findings with
reports done elsewhere.

 Subjects and Methods

This is a 3-year (2009–2012) retrospective study of all SGT biopsies received at our referral teaching hospital in Bagalkot, Karnataka, India. The hospital is the major tertiary health
institution offering histopathology services to the entire district. Biodata (age, sex and site) were obtained from laboratory records derived from information provided on histopathology
request forms. All specimens were fixed in 10% formalin, then processed into paraffin-embedded sections and stained with hematoxylin and eosin. Special stains (e.g., for mucin) were
occasionally employed. All the slides were reviewed by the authors and classified according to the World Health Organization histological typing of tumors (2005).

 Results

A total of 9757 specimens were received in 3-year duration (2009–2012). Out of these, SGTs accounted for 0.6% (59) of all. In this study, 35.59% of affected patients were male (n = 21)
and 64.40% were female (n = 38). The age of patients in this study was between 18 and 68 years old (mean age 43 years). The mean age of affected patients by malignant SGTs was 45
years while it was 35 years for patients with benign SGTs. The frequencies of salivary gland neoplasms according to age and sex are shown in [Table 1].{Table 1}

Most of the tumors were located in the major salivary glands (96.61%) among which parotid was the most common site (84.21%) with χ2 = 12.26, df = 1 and P = 0.0004 which is
statistically highly significant. Minor salivary glands were involved in 3.39% of cases.
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Out of 59 salivary gland neoplasms, 43 (69.16%) cases were classified as benign tumors and 16 (22.39%) cases as malignant tumors. Pleomorphic adenoma (PA) was the most common
benign tumor (60.71%), and adenoid cystic carcinoma was the most common malignant tumor (14.94%). The frequencies of salivary gland neoplasms according to histopathological
features are shown in [Table 2].{Table 2}

 Discussion

In this study, SGTs constituted a meager 0.6% of all tumors, which is much smaller than 2% of tumors in the Western world.[5] The relatively low frequency of SGTs is the most likely
reason in our review. Only a few recorded analysis of SGTs based on significantly large number of cases are published from India as very little information is available on the tumors of
the head and neck over the last two-three decades.[6]

In this 3-year study, SGTs were found in patients between the ages of 18 and 68 years (mean: 43 years) with slight overall female predominance, male to female ratio of 1:1.8, this finding
is similar with the other reports.[7],[8] However, few studies have reported more male predilection in SGTs.[9],[10] The incidence of benign neoplasms was more in the fifth decade
whereas malignant neoplasms were seen more common in sixth and seventh decades. In the present study, benign tumors were more common than malignant ones in all the salivary
glands. Furthermore, the results have shown that patients with malignant SGTs are older than patients with benign tumors which agree with most published reports.[8],[11]

Parotid gland was the most common site of SGTs, followed by submandibular gland and the minor salivary gland in the palate and floor of the mouth.

The present study has indicated that the most common benign and malignant tumors of parotid gland and submandibular gland were PA and adenoid cystic carcinoma [Figure 1] and
[Figure 2]. However, Warthin's tumor [Figure 3] and schwannoma were exclusively seen in the parotid gland. None of the benign tumors occurred in minor salivary glands, and only two
cases of malignant tumors, i.e., mucoepidermoid carcinoma [Figure 4] in palate and polymorphous low-grade adenocarcinoma (PLGA) in the floor of mouth were noted.{Figure 1}{Figure
2}{Figure 3}{Figure 4}

PA was the most common SGTs, which consists of 60.71% of all tumors and 86.04% of benign SGTs. All epidemiological studies on the SGTs have shown a pronounced predominance of
42%–80% PA.[1],[6],[7] Histopathological feature shows both epithelial and mesenchymal differentiation. Epithelial component includes the well-formed ductal structures formed of inner
epithelial and outer myoepithelial cells with associated features of spindle, squamous, basaloid, cuboidal, oncocytoid, mucous, sebaceous, round, plasmacytoid, polygonal or clear cells.
Squamous differentiation with keratin pearls (positive CK19) was noted in four cases, and in one of the tumors, there was predominant adipose tissue. Cytologic features of epithelial
cells were bland, and the mesenchymal component consisted myxoid, hyaline, cartilaginous or osseous differentiation. Variants include cellular with predominant epithelial element and
myxoid type having myxochondromatous mesenchymal elements. Thickness of fibrous capsule varied, often absent in predominantly myxoid tumors. Special stains and
immunohistochemistry (IHC) are noncontributory, however, show positive for epithelial membrane antigen, secretory component, carcinoembryonic antigen (CEA), gross cystic disease
fluid protein-15, interleukin-6 and steroid C-21 hydroxylase. Cytogenetic studies show clonal chromosomal rearrangements, 8q12 (typically young patients) and 12q13–15. Differential
diagnosis (DD) includes PLGA and carcinoma ex PA.[2]

The second most common benign tumor of salivary gland was Warthin's tumor (5.07%), which was found only in the males and occurred exclusively in the parotid gland. Smoking habits
are the main etiological factor for Warthin's tumor mainly affecting the elderly patients and rarely occurs in <30 years of age, with a peak incidence in the sixth decade of life.[5] The
differences in results could be affected by racial, behavioral, geographical and unknown environmental factors. Microscopically, epithelial tall columnar (IHC-somatostatin) with basaloid
oncocytic cells lining cysts form prominent papillae, the cystic spaces are filled with lymphoid stroma and few show lymphoid follicles. Other techniques for diagnosis are
noncontributory.[2],[12]

The results of the present study showed that malignant SGTs consist of 27% of all SGTs. Adenoid cystic carcinoma (14.94%) was the most common malignant SGT, followed by the
mucoepidermoid carcinoma (5.08%). Sando and Subhashraj et al.[1] also found adenoid cystic carcinoma the same occurrence 25% and 6.6%, respectively.[1],[6] However, Kalburge et al.
and Ochicha et al. found the mucoepidermoid carcinoma as the most frequent malignant tumor (58.53% and 5.12%) ahead of adenoid cystic carcinoma (33.33% and 1.28%).[7],[13]
Classically, the histopathologic features of adenoid cystic carcinoma include cribriform (50%), tubular (20%-30%) and solid patterns (10%–15%) with most tumors having mixtures of
cytoarchitectural patterns. Stroma is eosinophilic, hyalinized or collagenous. The diagnostic feature of this malignancy includes the propensity for perineural invasion, found in >50% of
cases in the present study. DDs are PLGA, basaloid squamous cell carcinoma and epithelial-myoepithelial carcinomas. IHC markers are positive for keratin, CEA, lysozyme, lactoferrin, S-
100 protein and CD117.[2],[12]

Mucoepidermoid carcinoma on microscopy is composed of varying proportions of mucous, epidermoid and intermediate-type cells with cystic or papillary mucin-filled cystic lumens,
often have pools of extravasated mucin in surrounding tissue which are strongly positive for mucicarmine stain (IHC positive for simple mucin-type carbohydrate antigens, i.e., T, Tn and
syalosyl–Tn). These carcinomas may also have clear cells with clear cytoplasm mainly glycogen and less mucin. This carcinoma is reported on a grading system of low (Grade I -
Predominant cystic), intermediate (Grade II - Cystic and cellular) and high (Grade III - Predominant solid pattern). DDs include sialometaplasia and cystadenocarcinoma.[2],[12]

Cytogenetic balanced translocation involving 6q regions and C-kit expressions is shown in AdCCa and translocation of (11; 19) with resultant fusion gene transcript, CTRC1/MAML2 in
MECa.[2],[12]

Single cases of acinic cell carcinoma and PLGA occurred in males whereas ex carcinoma PA, basal cell adenoma and schwannoma were noticed in females. While these single reported
cases do not have any impact on the presented data as no consistent data were found in the literatures.

 Conclusions

The present study was a single institutional experience where analysis of 59 SGTs was carried out. The findings of age, sex, site distribution and pathologic features encountered in our
study were in agreement with those studies reported from India and other parts of the world. Although the number of SGTs discussed in this study is small, the findings should contribute
in better understanding of the disease. Only a few SGTs based on significantly large number of cases are published from India as very little information is available on the tumors of the
head and neck over the last two-three decades and hence prospective studies need to be carried out on bigger samples to better discriminate the influencing factors.
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Abstract
Background: There is growing evidence that diabetes mellitus 
(DM) is an important risk factor for tuberculosis (TB). 
A significant number of DM patients have poor glycemic 
control. This study was carried out to find the impact of poor 
glycemic control on newly diagnosed smear-positive pulmonary 
tuberculosis patients with type-2 diabetes mellitus in a tertiary 
care hospital.
Methods: In a hospital-based prospective study, newly 
diagnosed smear-positive pulmonary TB with DM patients 
were classified as poorly controlled diabetes (HBA1C≥7%) and 
optimal control diabetics (HbA1c<7%). Patients were started 
on anti-TB treatment and followed for 2 years for severity and 
treatment outcome. ANOVA was used for numerical variables 
in the univariable analysis. Logistic regression analysis was 
used for multivariable analysis of treatment outcome. The 
significance level was kept at a P≤0.05.
Results: A total of 630 individuals who met the inclusion 
criteria were analyzed; of which 423 patients had poor glycemic 
control (PGC) and 207 patients had optimal glycemic control 
(OGC). The average HbA1c was 10±2.6 and 5±1.50 in the PGC 
and OGC groups, respectively. The mean symptom score was 
significantly higher in the PGC group compared with patients in 
the OGC group (4.55±0.80 vs. 2.70±0.82, P<0.001). PGC was 
associated with more extensive lung disease, lung cavitation, and 
positive sputum smear at the baseline. In PGC, sputum smears 
were significantly more likely to remain positive after 2 months 
of treatment. PGC patients had significantly higher rates of 
treatment failure (adj. OR 0.72, 95% CI 0.58-0.74, P<0.001) and 
relapse (adj. OR 2.83, 95% CI 2.60-2.92, P<0.001).
Conclusion: Poor glycemic control is associated with an 
increased risk of advanced and more severe TB disease in the 
form of lung cavitations, positive sputum smear, and slower 
smear conversion. It has a profound negative effect on treatment 
completion, cure, and relapse rates in patients with pulmonary 
tuberculosis.

Please cite this article as: Mahishale V, Avuthu S, Patil B, Lolly M, Eti A, Khan S. 
Effect of Poor Glycemic Control in Newly Diagnosed Patients with Smear-
Positive Pulmonary Tuberculosis and Type-2 Diabetes Mellitus. Iran J Med Sci. 
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What’s Known

•	 Diabetes	 mellitus	 significantly	
increases the risk of tuberculosis (TB).
•	 Diabetes	 also	 affects	 the	 clinical	
course of tuberculosis.
•	 However,	 it	 is	 unclear	 what	 the	
impact of diabetes control on the 
outcome of TB treatment in diabetics is.

What’s New

•	 Poor	 glycemic	 control	 was	
associated	with	a	significantly	increased	
risk of developing TB compared to 
subjects with optimal control.
•	 Our	 data	 suggested	 that	 poor	
glycemic control was associated with 
an increased risk of advanced and 
more severe TB.
•	 There	 was	 a	 profound	 negative	
effect on treatment completion, cure, 
and relapse rates in our patients with 
poor glycemic control.



Impact of glycemic control on TB treatment outcome
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Introduction

According	 to	 the	 World	 Health	 Organization’s	
Global Tuberculosis Report 2014, TB continues 
to be the most important infectious disease 
in terms of incidence and mortality. Current 
estimates suggest that 9 million new cases and 
1.5 million deaths have occurred in 2013.1 India, 
with approximately 2-3 million new cases of TB, 
is	the	world’s	largest	TB	epidemic	country.1,2 The 
incidence rate of TB in India is in the range of 
160 to 180 per 100,000 population, which is a 
disproportionately high burden compared to 
other developing countries1 Several risk factors 
have played, and will continue to play, a role in 
escalating this public health problem in India. 
One	of	the	most	important	of	these	risk	factors,	
the effect of which on TB was underestimated for 
several years in our country, is diabetes mellitus 
(DM) especially poorly controlled DM.

There is an accelerating pandemic of type-2 
DM worldwide. Currently, 230 million people 
live with DM worldwide and it is anticipated that 
about 366 million could be affected by 2030. By 
that time, 80% of those will be living in low- and 
middle-income countries where active TB is 
widespread.2-4 Eight of the ten countries with the 
highest incidence of diabetes are also classified 
as high burden countries for TB by the World 
Health	Organization	(WHO).5 The consequences 
of	 these	 converging	 epidemics	 led	 WHO	 to	
declare both DM and TB as global epidemics. 
The synergistic relationship between TB and DM 
has been creating a growing concern around 
the	world.	Recently,	WHO	and	the	International	
Union Against TB and Lung Disease (The Union) 
have acknowledged the need for international 
guidelines on the joint management and control 
of TB and DM. They have published a provisional 
collaborative framework for the care and control 
of both diseases.6 The recent estimates suggest 
that there were 20-30 million people in India with 
DM in 2000 and projected to reach as high as 
80 million by 2030. India is advancing towards 
becoming the diabetic capital of the world, as 
every fifth diabetic in the world is an Indian. 
This surge in DM prevalence in India is severely 
affecting TB control program and the impact is 
similar to TB-HIV co-infection.7,8

The prevention and treatment of both TB and 
DM present major public health challenges in all 
settings across the globe, particularly when DM 
is poorly controlled. Given the rising incidence 
trends of both diseases, it is generally important 
to understand the association in detail within 
this setting so that any relevant information can 
be	 utilized	 to	 aid	 local	 TB	 and	 DM	 prevention	
and control. Evidence from clinical practice and 

the literature suggests that approximately half 
of the most common chronic disorders like DM 
are undetected, that half of those detected are 
not treated, and that half of those treated are not 
controlled:	the	‘rule	of	halves’	is	still	applicable	in	
Indian population.9 In our country, a significant 
number of DM patients remain undiagnosed 
and also uncontrolled or poorly controlled after 
diagnosis. Several studies done in the past proved 
that DM is associated with increased incidence 
of TB, but studies linking poor glycemic control 
and the severity of TB are scarce. Therefore, the 
present study was planned to understand the 
impact of PGC pre-treatment on the severity of 
TB and TB treatment outcome in newly diagnosed 
pulmonary TB (PTB) patients with type-2 DM.

Patients and Methods

In this prospective study, 630 newly diagnosed 
smear-positive pulmonary TB (PTB) patients 
with DM were enrolled during January 2012 to 
December 2014. The patients were registered 
for treatment in the Departments of Pulmonary 
Medicine, Internal Medicine, Diabetes and 
Endocrine	 Department	 and	 DOTS	 centre	
(TB unit) at a tertiary care hospital. The diagnosis 
of smear-positive PTB was done according 
to the RNTCP (revised national tuberculosis 
control program in India, 2013) criteria and 
Type-2	DM	according	to	guidelines	from	WHO.	
The exclusion criteria were pregnancy, HIV 
infection, connective tissue disorders, chronic 
renal failure, chronic liver disease, malignancies 
on long-term steroid or cytotoxic drug therapy, 
chronic alcoholics, and previously treated for TB.

Procedure
Patients diagnosed as new smear-positive 

PTB were enrolled for the study after meeting 
the inclusion criteria as per RNTCP guidelines 
of India. A new smear-positive case is defined 
as a patient with one or more initial sputum 
smear examinations positive for acid-fast 
bacilli.10 Informed consent was obtained from all 
participants regarding the required investigations 
and the purpose of the study. Ethical approval 
was obtained from the statutory board of 
Karnataka Lingayat Education University. 
A symptom score (0–6) was calculated based 
on the presence of cough, hemoptysis, dyspnea, 
fever, night sweats, and weight loss (1 point for 
each symptom was assigned). Patients with a 
symptom score 4 were classified as having 
highly symptomatic disease.11

DM screening was done as per national 
guidelines. In short, FBG>126 mg/dl indicates 
DM,	 FBG≥110	mg/dl	 to	 <126	mg/dl	 indicates	
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impaired	fasting	glucose,	and	FBG<110	mg/dl	is	
normal.12 Random blood sugar testing was done 
in patients with unclear DM status and if it was 
more than 200 mg/dl, they were further evaluated 
with fasting and postprandial blood sugars (FBS 
and PPBS). If FBS was more than 126 mg/dl or 
PPBS more than 200 mg/dl, the patients were 
confirmed as having DM. All participants were 
assessed by glycosylated hemoglobin (HbA1c) 
evaluation. Patients with HbA1c levels>7% were 
considered to have poor glycemic control.13 The 
patients with PTB and DM were then subjected 
to chest radiography (posterior-anterior view). 
A pretreatment chest radiograph was read by 
two	qualified	pulmonologists	blinded	to	patients’	
disease status. The films with discordant reading 
were read by a third reader. Reading of the 
chest radiographs focused on lung parenchymal 
opacity and cavitation. Radiological lesions 
on chest X-ray were classified into minimal, 
moderately advanced, and far advanced as per 
American Thoracic Society (ATS) criteria.

Clinical, radiographic features, sputum 
conversion rates after 2 months and at the end of 
the treatment, cure rates, and relapse rates were 
compared between patients with poor glycemic 
control and that of the optimal glycemic control 
group. Relapse was defined as the recurrence 
of TB after successful completion of treatment, 
either proven by isolation of Mycobacterium 
tuberculosis or in the absence of bacteriological 
confirmation, recurrence diagnosed on clinical, 
radiological and/or histological grounds. 
Participants were followed for 2 years after the 
initiation of treatment as per RNTCP guidelines 
for treatment outcome. All patients received 
standard DM care as per national guidelines for 
DM care during the study period.

Statistical Analysis
Mean±SD values were calculated for normally 

distributed numerical outcomes. Mean±SD 
values for demographic characteristics among 
PGC	and	OCG	were	analyzed	using	the	Mann-
Whitney test. The chi-square test was used 
to	 compare	 non-numerical	 variables.	 ANOVA	
(Sigma Plot version 12.5, Systat Software Inc., 
San Jose, CA, USA) was used for numerical 
variables in the univariable analysis. Logistic 
regression analysis was used for multivariable 
analysis of treatment outcome. The significance 
level	was	kept	at	P≤0.05.	The	analysis	was	done	
after adjusting for confounding variables.

Results

From the 7,400 TB suspects screened 1,935 new 
PTB cases were identified. In total, 774(40%) 

patients had concomitant type-2 DM (old or new). 
About 99 patients were excluded from the study, 
as they did not meet the inclusion criteria. During 
the follow-up, 45 patients out of the 675 were lost 
and	the	remaining	630	patients	were	analyzed.	As	
shown in figure 1, 423 patients had HBA1c (poor 
glycemic	control,	PGC)	level≥7%	and	207	patients	
had	 HBA1c	 (optimal	 glycemic	 control,	 OGC)	
level<7%.	There	were	288	(68.09%)	males	in	the	
PGC	group	and	135	(65.22%)	in	the	OGC	group.	
The demographic parameters of all the patients 
are listed in table 1.

Symptom Score
All patients from both groups presented 

with fever as their main symptom. 324 (76.5%) 
patients from the PGC and 171(82.61%) patients 
from	 the	 OGC	 group	 had	 cough	 with/without	
expectoration. In the PGC group, night sweats 
and haemoptysis were present in 63 (14.9%) 
and 45 (10.64%) patients, respectively. 
Whereas in the other group, they were present in 
872 (34.8%) and 9 (4.4%) patients, respectively. 
These differences between the groups were 
not	 statistically	 significant.	 On	 the	 other	 hand,	
dyspnoea and weight loss were significantly 
more often reported by patients in the PGC 
group: 55% vs. 17.3% and 31.2% vs. 8.9%, 
respectively. The mean symptom score was 
significantly higher in the PGC group compared 
with	 patients	 in	 the	OGC	 group:	 4.55±0.80	vs.	
2.70±0.82,	P<0.001.

Sputum Bacillary Load
Sputum bacillary load at presentation was 

significantly higher in the PGC group (with 
153 (36.2%) and 234 (55.3%) patients having 
sputum grades of 2+ and 3+, respectively) 
compared to 27 (13.04%) and 9 (4.4%) patients 
in	the	other	group,	P<0.001.

Radiological Features
On	 radiographic	 examination,	 cavitary	

lesions were more frequently observed in 
patients with PGC (table 2). Among patients with 
PGC, 243 (57%) had multilobar involvement on 
CXR, 126 (29%) had isolated lower lung field 
involvement and 54 (12.8%) patients had upper 
zone	 involvement.	 This	 was	 in	 contrast	 to	 the	
involvement	seen	in	patients	with	OGC,	where	the	
majority	of	patients	had	upper	zone	involvement	
(162 out of 207; 78%). Thus, patients with PGC 
had lower lung field and multilobar involvement 
more frequently as compared to patients in the 
other group. The difference was statistically 
significant,	P<0.001.

Far advanced lesions and moderately advanced 
lesions were seen in the majority of patients 
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belonging	 to	 the	 PGC	 group	 compared	 to	OGC	
group (40.43% vs. 4.35% and 48.9% vs. 39.1%, 
respectively).	On	the	other	hand,	minimal	lesions	
were seen more frequently in the optimal control 
group	 (10.6%	 in	 PCG	 vs.	 56.5%	 in	OCG).	 This	
difference	was	statistically	significant,	P<0.001.

Sputum Conversion at 2 Months
At the end of the intensive phase of therapy, 

a significant number of patients with PGC 

remained	 smear-positive	 compared	 to	 OGC	
patients (table 3).

Treatment Outcome
As far as treatment outcome (cure, failure, 

defaults, MDR, relapse) is concerned, patients 
with PGC had significantly high rates of defaults 
and treatment failures (table 4). Multidrug-
resistant (MDR) tuberculosis, confirmed by 
either culture or by the Xpert MTB/RIF technique, 

Figure 1: Inclusion criteria of patients.

Table 1: Demographic characteristics of PTB patients in both the optimal and poor control groups
Characteristic HBA1C≥7%

n=423
PGC

HBA1C<7%
n=207
OGC

P value

Male/sex 288/423 (68%) 135/207 (65%) 0.72
Age (mean±SD) 48.26±2.35 48.91±7.97 0.65
BMI (mean±SD) 20.80±2.34 21.08±2.13 0.63
History of TB contact 27/423 (6.38%) 18/207 (8.69%) 0.72
Family history of DM 162/423 45/207 0.36
Diabetic status
Old	 315 171 0.45
New 108 36
Rural residence 153 90 0.44
Schooling>6 years 180 99 0.68
Smokers 117 (27.6%) 63 (30.4%) 0.80
PGC:	Poor	glycemic	control;	OGC:	Optimal	glycemic	control

Table 2: Type of lesions on CXR
Types of lesions PGC % OGC % Total % P value
Cavitary 324 76.60 90 43.48 414 65.71 0.0061
Non-cavitary 99 23.40 117 56.52 216 34.29
Total 423 100.00 207 100.00 630 100.00
PGC:	Poor	glycemic	control;	OGC:	Optimal	glycemic	control;	Chi-square=7.5172
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was noted in 47 of 423 (11.11%) patients 
with PGC whereas none of the patients in the 
optimal control group had MDR. Univariable 
and multiple logistic regression analysis on 
treatment success and relapse in poor glycemic 
control patients, after adjusting for confounding 
variables, demonstrated a significant negative 
association (table 5).

Discussion

To the best of our knowledge, this is the first 
kind of study in India to directly compare 
manifestations of PTB in optimally controlled 
DM and poorly controlled DM and demonstrated 
that clinical manifestations of PTB in diabetic 
patients are related to pre-treatment HbA1C. The 
percentage of diabetic patients with symptoms 
and positive-smear was higher in patients with 
HbA1C>7%.	 Our	 study	 also	 demonstrated	
that the influence of DM on the outcome of 
TB treatment was proportionately related to 
pretreatment of HbA1C. These observations 
complement and extend the recently published 
study by Chiang et al.14 They established that 
the proportions of patients with any symptom, 
cough, hemoptysis, tiredness, and weight loss 
were entirely the highest in diabetic patients 
with PGC and these patients were significantly 
more likely to be smear-positive and remain 
smear-positive	after	2	months	of	treatment.	Our	
interpretations were in line with another study by 
Leung et al.15 They demonstrated that among 
patients with the results of sputum culture at 
2 months of treatment, diabetic patients were 
significantly more likely to be culture-positive as 
compared	 with	 non-diabetic	 patients	 (adj.	 OR	
1.63, 95% CI 1.14-2.34) and the association was 
significantly influenced by the level of HbA1c.

Current observations of more extensive lung 
disease, lung cavitations, and high positive 
sputum smears among PGC patients were 

in agreement with many of those reported in 
previous studies.15,16 Noteworthy evidence from 
the current study was that the poor PGC was 
negatively associated with cure or treatment 
completion, even after controlling the baseline 
socio-demographic variables, comorbidities, 
extent of lung disease, lung cavitations, and 
bacteriology. Park et al.17 also established that 
uncontrolled diabetics have more cavities, 
high positive smear rates, and poor culture 
conversion after two months of therapy. Another 
interesting analysis by Webb and colleagues 
is worth mentioning, which showed a higher 
mean HbA1c among TB-DM in comparison to 
DM	 without	 TB.	 They	 also	 hypothesized	 that	
in	 patients	 with	 PGC	 (hazard	 ratio	 1.39,	 95%	
CI 1.18-1.63), per unit increase in HbA1c and 
contact	with	a	TB	source	case	(P=0.0011)	was	
associated with prevalent TB disease.18

The present study confirms and complements 
the findings of Chiang et al.,19 stating that 
the proportions of patients with DM with any 
cavity, cavitatory lesions over upper lung field, 
cavitatory lesions over lower lung field, large 
cavity (>3 cm), and multiple cavities were all 
highest among patients with PGC. The atypical 
radiological findings of lower lung field lesions 
and multilobar involvement with far advanced 
tuberculosis, as noted in our PGC patients, 
have been significantly affected by HbA1c levels 
similar to findings in a study by Park et al.17 

These atypical radiological manifestations will 
lead to a significant delay in TB diagnosis, which 
is a matter of serious concern. Clinicians should 
have a high degree of suspicion and should 
screen all such patients for DM and HbA1C.

The observations in our study, in spite of 
using standard four-drug short course regimens 
for drug-susceptible TB, were under a fully 
functioning treatment program setting that also 
allowed	individualized	regimen	modification	and	
treatment prolongation. Relapse rates were also 
as high as 16.5% in PGC when compared to 
2.3%	in	OGC	patients.

India TB-Diabetes Study Group (the 
corresponding author of the present article 
is also a member of the group) screened TB 
patients for DM. They found that the prevalence 
of DM in patients with TB in tertiary care hospitals 
was around 16% and as high as 20% in South 

Table 3: Sputum conversion at 2 months
Sputum at 2 months PGC % OGC % Total %
Negative 270 63.83 198 95.65 468 74.29
Positive 153 36.17 9 4.35 162 25.71
Total 423 100.00 207 100.00 630 100.00
PGC:	Poor	glycemic	control;	OGC:	Optimal	glycemic	control;	Chi-square=8.1872;	P=0.00422

Table 4: Treatment outcome (cure or failure)
Outcome PGC % OGC % Total %
Cured 324 76.60 198 95.65 522 82.86
Failure 99 23.40 9 4.35 108 17.14
Total 423 100.00 207 100.00 630 100.00
PGC:	Poor	glycemic	control;	OGC:	Optimal	glycemic	
control;	Chi-square=3.9481; P=0.04693
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India. They strongly recommended screening 
all TB patients for DM at all levels of health 
care facilities.19,20 In our study, the proportion of 
patients with newly diagnosed DM was as high 
as 22.85%.

The effects of DM and PGC on clinical 
parameters (lung cavitations, positive sputum 
smear) and slower smear conversion after 
initiation	of	treatment	emphasize	a	serious	need	
for prevention of community-level transmission. 
In the current study, even for patients with initial 
drug-sensitive TB, the treatment completion rates 
fell	substantially	below	the	WHO	target	of	85%	
among poorly controlled DM patients. The high 
proportion of these patients also raises concern 
over the emergence of drug resistance and 
secondary spread within the community. In our 
study, we noted that 47 of 423 patients (11.11%) 
with poor control had MBR-TB confirmed 
either by culture or by the Xpert MTB/RIF 
technique.21 The emerging results from our 
study, as well as many studies discussed above, 
have demonstrated that a large number of DM 
patients with TB, despite successful treatment, 
still ran a substantially higher risk of developing 
active TB again compared with the overall TB 
risk in the general population. The unfavorable 
outcome in these TB patients with prolonged 
poorly controlled DM poses the risk of extended 
period of contagiousness and may transmit 
mycobacteria to their contacts for a longer 
period, both before the diagnosis and after the 
initiation of treatment.

DM is expected to delay the Millennium 
Development	Goals	of	WHO.	The	Global	Plan	to	
Stop TB 2006-2015, established by the Stop TB 
Partnership, set the target for the elimination of 
TB by 2050 with a 50% reduction in prevalence 
by	2015.	WHO	global	TB	report	2013	highlighted	
that while significant progress is being made 
in many aspects of tuberculosis control, it is 
too slow and altogether off-target with only a 
2% decrease in prevalence per year.22,23 Such 
discouraging report highlights the urgent need 
for addressing important risk factors like DM, 
especially poorly controlled DM at all levels of 
health care services.24 It is essential to note that 
interventions to decrease the prevalence of 

DM and optimal control of DM in patients with 
TB (or in the general population) may have an 
important impact on the incidence of TB and 
treatment outcome as well. In the absence of 
global guidelines on the collective management 
and control of TB and DM, national programs 
of all countries need to establish a coordinated 
response to these two diseases at both the 
organisational and clinical levels. It is also 
necessary to add DM prevention and control 
strategies to TB control programs and vice versa 
and to evaluate their effectiveness.

A major strength of our study is the 
prospective design, which avoided the problems 
of control selection in case-control studies and 
obscured temporality in cross-sectional studies. 
Availability of thorough DM and HbA1C details 
of all patients made it possible to demonstrate 
a clear relationship between PGC and PTB 
treatment outcome. The study is limited by the 
fact that it is a single-centre study, the results 
of	which	 cannot	 be	 generalized.	However,	 this	
provides a window of opportunity for clinicians 
and researchers to carry out further studies 
with the involvement of different geographical 
areas across India. In addition, studies can be 
performed to assess the impact of early screening 
for DM and HbA1C on TB treatment outcome 
in	 such	 high-risk	 patients.	 Our	 study	 was	 not	
powered to assess the relationship between 
poorly controlled DM and MDR-TB. It is essential 
to	 clarify,	 in	 a	 program	 setting	 by	 randomized	
controlled trials, many unanswered issues in 
this field (e.g. to what extent the unsatisfactory 
outcome of TB in DM patients can be prevented 
by optimal glycemic control?). Furthermore, 
glycemic status of patients after diagnosis and 
during the treatment was an important factor as 
this may affect the outcome of the study since 
post treatment HbA1c levels were not assessed. 
Our	 study	 was	 not	 powered	 to	 establish	 the	
association between PGC and MDR-TB. Further 
studies are needed to clarify the association 
between PGC and an increased risk of drug-
resistant TB. In addition, extra-pulmonary and 
smear-negative pulmonary TB cases were not 
included in the study. Perhaps this has added to 
selection bias prevention.

Table 5: Univariable and multiple logistic regression analysis on treatment success and relapse in poor glycemic control 
patients after adjusting for confounding variables (e.g. age, duration of DM, nutritional status (BMI), socioeconomic status, 
smoking, comorbidities, extent of lung disease, lung cavitations, and bacteriology)
DM 
status

Patients (n) Treatment 
success (%)

OR (95% CI) P value Adjusted OR  
(95% CI)

P value Relapse (%) Adjusted OR  
(95% CI)

P value

Optimal	
control

207 95.65 Reference Reference 2.33 Reference

Poor 
control 

423 76.60 0.68 (0.58-0.74) 0.0013 0.72 (0.64-0.81) 0.0013 15.62 2.83 (2.60-2.92) 0.0014
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Conclusion

Pre-treatment poor glycemic control is 
associated with a significant increased risk of 
advanced and more severe TB disease in the 
form of lung cavitations, positive sputum smear, 
and slower smear conversion after initiation of 
treatment. Poor glycemic control has a profound 
negative effect on treatment completion, cure, 
and relapse rates in patients with pulmonary 
tuberculosis with diabetes.
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 Summary
 Background: Pentalogy of Cantrell (POC) is an extremely rare and complex congenital anomaly. Ultrasound is 

a valuable, safe, nonionizing, cost effective, widely available, and easily reproducible imaging 
tool and is indispensible in the diagnosis of POC. Despite the rarity of POC, it is imperative for a 
radiologist to be aware of its wide spectrum of presentation on ultrasound in first trimester of 
gestation. Most reported cases in literature till now have been sporadic. In this paper, we aimed 
to report for the first time in literature, a recurrent case of POC detected in the first trimester in a 
mother whose previous pregnancy also was terminated in the second trimester medically due to the 
ultrasound diagnosis of POC. We also discuss the role of ultrasound and other imaging modalities in 
a case of POC as well as the differential diagnoses which can mimic POC.

 Case Report: A 23-year-old G2P0A1 (Gravida2, para0, abortion1) woman with a gestational age of around 12 weeks 
was referred for a routine first trimester ultrasound scan. The antenatal ultrasound scan showed a 
single, live, intrauterine gestation corresponding to a gestational age of 11 weeks and 5 days. The 
fetal heart was visualized outside the chest through a defect in the lower sternum in association with 
anterior diaphragmatic and ventral abdominal wall defects suggestive of thoraco-abdominal variety 
of ectopia cardis. There was a membrane covered, midline, abdominal wall defect at the base of the 
umbilical cord insertion containing the herniated abdominal organs including the liver, bowel loops 
and the ectopic cardia. There was a breach in the normal outline of the lower sternum indicating 
a sternal deficiency. The fetal pericardium was absent. The nuchal translucency was grossly 
increased. Pentalogy of Cantrell was diagnosed on ultrasound and the patient was explained about 
the poor prognosis of this condition. An informed consent was obtained after she opted for medical 
termination of pregnancy. The autopsy confirmed all the above mentioned ultrasound features.

 Conclusions: Pentalogy of Cantrell (POC) is an extremely rare and complex syndrome of numerous fetal 
anomalies but should always be borne in the mind during the ultrasound evaluation of either of 
an omphalocele, ectopia cordis, distal sternal defect, pericardial defect, anterior diaphragmatic 
defect or intracardiac anomalies. Ultrasound is a valuable, safe, nonionizing, cost effective, widely 
available, and easily reproducible imaging tool for diagnosis of POC. Ultrasound should always 
be the primary mode of diagnosis in POC because although Magnetic resonance imaging (MRI) 
can help in better delineation of fetal anomalies, it does not significantly alter the course of the 
pregnancy or the management of POC.

 MeSH Keywords:  Congenital Abnormalities • Pentalogy of Cantrell • Ultrasonography, Doppler
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Background

Pentalogy of Cantrell (POC) is an extremely rare and com-
plex congenital anomaly with an estimated incidence of 5.5 
per million births. Ultrasound is a valuable, safe, nonion-
izing, cost effective, widely available, and easily reproduc-
ible imaging tool and is indispensible in the diagnosis of 
POC. Despite the rarity of POC, it is imperative for a radi-
ologist to be aware of its wide spectrum of presentation on 
ultrasound in first trimester of gestation. The aetiopatho-
genesis of this syndrome is still not completely understood 
and most reported cases in literature till now have been 
sporadic. In this paper, we aimed to report for the first 
time in literature, a recurrent case of POC detected in the 
first trimester in a mother whose previous pregnancy also 
was terminated in the second trimester medically due to 
the ultrasound diagnosis of POC. We also discuss the role of 
ultrasound and other imaging modalities in a case of POC 
as well as the differential diagnoses which can mimic POC.

Case Report

A 23-year-old G2P0A1 (Gravida2, para0, abortion1) woman 
with a gestational age of around 12 weeks was referred to 
our Department of Radiodiagnosis for a routine first tri-
mester ultrasound scan. She had a non consanguineous 
married life of 3 years and 4 months. The patient and her 
husband had no present or past history of any significant 
medical illness. The patient gave history of Pentalogy of 
Cantrell in the fetus from her previous pregnancy, detected 
at a gestational age of 24 weeks and 1 day. The pregnancy 
was then terminated medically after counseling of the cou-
ple regarding the implications of this congenital anomaly 
and the poor prognosis. There was an interval of around 
2 years between the present gestation and the previous 
medically induced abortion. Like the previous pregnancy, 
the patient denied exposure of any form to teratogenic sub-
stances like ionizing radiation, medications, alcohol, tobac-
co, cocaine, lead, lithium, phenytoin, warfarin or valproic 
acid during present gestation. This pregnancy was also a 
spontaneous conception. Clinically, the course of her first 
trimester was uneventful. General physical examination 
revealed a regular pulse of 86 beats per minute and blood 
pressure of 118/90 mm Hg. Hemoglobin was 12.4 gm%. She 
was negative for HIV and HBsAg serology.

B-mode real time transabdominal as well as transvaginal 
sonography and Doppler evaluation of the fetus was per-
formed on GE VOLUSON 730 PRO machine (GE healthcare, 
Milwaukee, USA) equipped with a 14 MHz, broad spec-
trum, microconvex transvaginal transducer and a 5 MHz 
curvilinear array, transabdominal transducer. All sono-
grams obtained were saved in a picture archiving and com-
munication system.

The antenatal ultrasound scan showed a single, live, intra-
uterine gestation of crown rump length (CRL=5.5 cms) cor-
responding to a gestational age of 11 weeks and 5 days. The 
yolk sac measured 4.7 mm in diameter, and was normal 
in size and shape. The fetal heart rate was 170 beats per 
minute. However, the fetal heart was visualized outside 
the chest (Figure 1) through a defect in the lower sternum 
in association with anterior diaphragmatic and ventral 

abdominal wall defects suggestive of thoraco-abdominal 
variety of ectopia cardis. There was a membrane covered, 
midline, abdominal wall defect at the base of the umbili-
cal cord insertion (Figure 2) containing the herniated 
abdominal organs including the liver, bowel loops and 
the abovementioned ectopic cardia. All these herniated 
contents were not free flowing within the amniotic fluid 
as they were contained by the peritoneal membrane. The 
thoracic cavity appeared to be smaller than normal for the 
gestational age. There was a breach in the normal outline 
of the lower sternum indicating a sternal deficiency. The 
fetal pericardium was absent. The nuchal translucency was 
grossly increased, measuring around 5.4 mm (Figure 3). 
There was no evidence of cystic hygroma, encephalocele, 
cranioschisis or anencephaly. The volume of amniotic fluid 
was normal for the gestational age. There was no evidence 
of ascites or pleural effusion.

Figure 1.  Gray scale transvaginal ultrasound image of the fetus in a 
sagittal section showing abnormally positioned fetal heart 
outside the chest through a defect in the lower sternum 
in association with anterior diaphragmatic and ventral 
abdominal wall defects suggestive of thoraco-abdominal 
variety of ectopia cordis (white, filled arrow).

Figure 2.  Gray scale transabdominal ultrasound image of the fetus in 
a sagittal section showing a membrane covered, midline, 
abdominal wall defect at the base of the umbilical cord 
insertion containing the herniated abdominal organs 
including the liver, bowel loops and the ectopic cardia 
suggestive of an omphalocele (asterix).
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After explaining the poor prognosis of this condition to the 
patient, an informed consent was obtained after she opted 
for medical termination of pregnancy. The autopsy con-
firmed all the above mentioned ultrasound features.

Discussion

Pentalogy of Cantrell (POC) is an extremely rare and severe 
congenital anomaly, first reported by James R Cantrell 
in 1958 [1]. This syndrome has an estimated incidence of 
5.5 per million births with a 2:1 male to female predomi-
nance [2,3]. This syndrome consists of a midline anterior 
ventral wall defect, a defect of anterior diaphragm, a cleft 
distal sternum, a defect of apical pericardium with commu-
nication into the peritoneum, and an intracardiac defect [4]. 
The major hallmark of POC is an omphalocele associated 
with ectopia cardis [5]. Toyama classified POC into three 
different types in 1972, wherein all the five defects were 
present in class I, four defects including ventral abdominal 
wall and intracardiac defects were present in class II, and 
a partial expression of this syndrome, always including a 
sternal defect was present in class III [4].

The aetiopathogenesis of this syndrome is still not com-
pletely understood. There seems to be a developmen-
tal arrest in the thoracoabdominal wall closure in the 
primordial lateral mesoderm tissue during embryonic 
stage [2]. The developmental failure involving this meso-
derm between 14 and 18 days of gestation results in fail-
ure of transverse septum of diaphragm and of the ventro-
medial migration of the paired mesodermal folds of the 
upper abdomen [5]. This corresponds with the time period 
for differentiation of somatic and spalnchnic mesoderm. 
Ventral diaphragmatic defects are caused by the failure of 
the transverse septum to complete the process of flexion or 
ventral folding. Disrupted mesoderm development involv-
ing failure of ventral migration results in ventral abdomi-
nal wall and sternal defects [6]. Most cases of POC are 
sporadic. Few POC cases associated with trisomy 18 and 
X-linked inheritance have also been reported previously [7]. 
This syndrome is considered to be of heterogeneous origin 

caused by numerous factors including gene mutation, 
chromosomal abnormalities, physical and chemical tera-
togens [8]. Some investigators have proposed BMP2 (bone 
morphogenetic protein 2) gene mutations as a likely cause 
of this condition since these genes are responsible for the 
normal development of midline structures [3,9]. Also, more 
recently, the role of ALDH1A2 (Aldehyde Dehydrogenase 
1 family, member A2), which is located in chromosome 15 
has been implicated in the causation of POC. ALDH1A2 
encodes the enzyme retinaldehyde dehydrogenase type 2, 
which is critical for the conversion of vitamin A into all 
trans-retinoic acid. Retinoic acid is a very vital morphogen 
for organogenesis including its important role in the pleu-
roperitoneal folding in diaphragm embryogenesis [3,10].

Apart from the midline anterior ventral wall defect, a 
defect of anterior diaphragm, a cleft distal sternum, a 
defect of apical pericardium with communication into the 
peritoneum, and an intracardiac defect, POC is known to 
be associated with numerous other anomalies like cleft lip, 
cleft palate, encephalocele, hydrocephalus, craniorachischi-
sis, thoracoabdominal organ abnormalities include pulmo-
nary hypoplasia, adrenal hypoplasia, gallbladder agenesis, 
single renal agenesis, polysplenia, malrotation of the colon, 
herniation of bowel into pericardium, bladder exstrophy, 
undescended testes and bilateral inguinal hernia, and limb 
defects include club foot, absence of tibia, radius and hypo-
dactyly [3,11]. The intracardiac anomalies in POC comprise 
of ventricular septal defects, Ebstein’s anomaly, truncus 
arteriosus, transposition of great vessels, single atrium, 
atrioventricular canal, an atrial septal defect, a left ventric-
ular diverticulum, tetralogy of Fallot, a double-outlet right 
ventricle, and hypoplastic left heart syndrome [3,12].

The case discussed in our report was a class III type of POC 
as there was presence of a midline anterior ventral wall 
defect with an associated omphalocele, a defect of ante-
rior diaphragm and a cleft distal sternum with associated 
thoracoabdominal ectopia cordis and absence of the peri-
cardium. We could not assess for any intracardiac defect as 
the fetus in our report was at a very early stage of gesta-
tion (11 weeks and 5 days).

Ultrasound is a valuable, safe, nonionizing, cost effective, 
widely available, and easily reproducible imaging tool 
and is indispensible in the diagnosis of POC [13]. Although 
three-dimensional sonography has an advantage over two-
dimensional sonography in the better depiction and visu-
alization of the various fetal anomalies, two-dimensional 
ultrasound is also equally efficient in an early stage of ges-
tation like the first trimester as in our study. An ompha-
locele can be detected sonologically when multiple bowel 
loops with or without the liver herniate into a membrane-
covered defect with the insertion of the umbilical cord 
directly into the omphalocele. As a result, the abdominal 
circumference will be corresponding to a lower gestational 
age than the accurate gestational age. Ectopia cordis can be 
confirmed on Doppler evaluation when the position of the 
heart is visualized partially or completely outside the tho-
racic cavity. This condition is classified into 4 types based 
on the position of the heart. In cervical ectopic cardia (3% 
of cases of ectopia cordis), the heart is displaced superiorly 
into the area of the neck. In the thoracic variety of ectopia 

Figure 3.  Gray scale transvaginal ultrasound image of the fetus 
in a sagittal section showing grossly increased nuchal 
translucency, measuring around 5.4 mm (white, filled 
arrow). An omphalocele (asterix) is also noted.
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cordis (60% of cases of ectopia cordis), the heart protrudes 
anteriorly through a sternal defect. In the thoraco-abdomi-
nal variety of ectopia cordis (7% of cases of ectopia cordis), 
the heart is displaced outside the chest through a defect 
in the lower sternum in association with diaphragmatic 
and ventral abdominal wall defects. In the abdominal vari-
ety of ectopia cordis (30% of cases of ectopia cordis), the 
heart is displaced inferiorly into the abdomen through a 
defect in the diaphragm [12]. In POC, the sternal defect can 
be visualized as a partial or complete breach in the conti-
nuity of the fetal sternum towards its distal or the lower 
aspect that can be adequately assessed in the sagittal plane 
on ultrasound. The anterior diaphragmatic defect can be 
detected in both the coronal as well as sagittal planes when 
there is a breach in its continuity along its anterior aspect.

MRI helps in a better identification of the fetal anoma-
lies [1]. Unlike ultrasound, it is not operator dependent. 
Also, it can be very helpful in cases where there is severe 
oligohydramnios, thus preventing adequate visualization of 
the fetal parts on ultrasonography. Fetal MRI along with 
prenatal echocardiography allows optimal assessment 
of cases with Cantrell syndrome. These modalities may 
improve our view of prognosis, but they are more crucial 
for preoperative planning after the first trimester for cases 
deciding to continue the pregnancy [4]. 3D CT reconstruc-
tion also helps in important structural information, meas-
urements and visualization of critical anatomic details in a 
case of POC which has been decided to be terminated medi-
cally [2].

POC is a complex syndrome with a very poor prognosis and 
medical termination of the pregnancy is advised in most 
of these cases. In few cases where medical termination of 
pregnancy is not opted, the management mainly depends 
on the severity of the intracardiac anomalies and the size 

and contents of the omphalocele defect. Surgical correction 
of the abdominal wall defect is done in less complicated 
cases. In complicated cases of POC with ectopia cordis, sur-
gical correction is often difficult due to hypoplasia of the 
thoracic cage and inability to enclose the ectopic heart [3].

The main differential diagnosis of POC is the omphalocele-
exstrophy-imperforate anus-spinal defects complex (OEIS 
complex), which comprises of omphalocele, bladder exs-
trophy/cloacal exstrophy, an imperforate anus and spinal 
anomalies like kyphoscoliosis or hemivertebrae. However, 
OEIS can be easily differentiated from POC as the location 
and internal anatomy of the cardia as well as the sternal 
and diaphragmatic anatomy is normal in OEIS complex. 
Isolated cardiac ectopy, ectopia cordis associated with 
amniotic band syndrome body stalk abnormality and iso-
lated omphalocele can also be easily differentiated from the 
more complex POC.

Conclusions

Pentalogy of Cantrell (POC) is an extremely rare and com-
plex syndrome of numerous fetal anomalies but should 
always be borne in the mind during the ultrasound evalua-
tion of either of an omphalocele, ectopia cordis, distal ster-
nal defect, pericardial defect, anterior diaphragmatic defect 
or intracardiac anomalies. Ultrasound is a valuable, safe, 
nonionizing, cost effective, widely available, and easily 
reproducible imaging tool for diagnosis of POC. There is a 
wide spectrum of ultrasound associations of POC including 
neural, pulmonary, gall bladder, splenic, adrenal, renal and 
vesical involvement. Ultrasound should always be the pri-
mary mode of diagnosis in POC because although Magnetic 
resonance imaging (MRI) can help in better delineation of 
fetal anomalies, it does not significantly alter the course of 
the pregnancy or the management of POC.
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ABSTRACT
Multivalent combination vaccines have reduced the number of injections and therefore improved vaccine
acceptance, timeliness of administration and global coverage. The hexavalent diphtheria-tetanus-acellular
pertussis-hepatitis B-inactivated poliovirus/Haemophilus influenzae type b (DTPa-HBV-IPV/Hib; Infanrix
hexaTM) vaccine, administered according to various schedules, is widely used for the primary vaccination
of infants worldwide. In the current publication, we are presenting the immunogenicity and safety of 3
doses of DTPa-HBV-IPV/Hib vaccine when administered to Indian infants. 224 healthy infants (mean age
6.8 weeks) were vaccinated at 6–10–14 weeks (W) of age (n D 112) or 2–4–6 months (M) of age (n D 112).
One month after the third vaccine dose, the seroprotection/seropositivity status against diphtheria,
pertussis, tetanus, polio, hepatitis B and Hib antigens ranged from 98.6% to 100% in both groups. The
vaccine response rate to the pertussis antigens ranged from 97% to 100%. Pain (6–10–14W group: 25.2%;
2–4–6M group: 13.4%) and fever (15.3% and; 15.2%, respectively) were the most frequently reported
solicited local and general symptoms. Unsolicited adverse events were reported for 35.7% (6–10–14W
group) and 22.3% (2–4–6M group) of subjects. No vaccine related serious adverse events were reported. In
conclusion, the hexavalent DTPa-HBV-IPV/Hib vaccine was immunogenic and well tolerated, irrespective
of the dosing schedule.
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Introduction

Infections resulting from vaccine-preventable diseases including
diphtheria, tetanus, pertussis,Haemophilus influenzae type B (Hib)
and poliovirus, account for a large number of deaths in children
below 5 y of age.1,2 Infants and children infected with hepatitis
B are at risk to become chronic carriers of HBV, with potential
complications such as cirrhosis and hepatocellular carcinomas later
in life.3 It is estimated that 18.7 million infants worldwide and
>4 million infants in India did not receive vaccination against
diphtheria-tetanus-pertussis (DTP) during their first year of life.4

Combination vaccines, such as DTP, have been widely
adopted in pediatric vaccination programs, as the reduced
number of injections and simplified administration has been
associated with higher compliance and improved vaccine cov-
erage.5,6 A combined hexavalent diphtheria-tetanus-acellular
pertussis-hepatitis B-inactivated poliomyelitis and Hib conju-
gate vaccine (DTPa-HBV-IPV/Hib, Infanrix hexaTM, GSK Vac-
cines, Belgium) has been widely used for over 15 y.7,8 Many
studies have established the immunogenicity and safety of the
combined DTPa-HBV-IPV/Hib administered according to dif-
ferent primary vaccination schedules and in diverse set-
tings.5,7,9-11 Furthermore, comparable efficacy and safety
profiles to those of the respective monovalent components
have also been established.7,10

In accordance with the Expanded Program on Immuniza-
tion (EPI) recommendations, the Indian infant vaccination
schedule comprises primary vaccination with 3 doses of DTP at
6, 10 and 14 weeks, followed by a booster dose in the second
year of life.12 In addition, the Indian Academy of Pediatrics
(IAP) recommends that infants are vaccinated against hepatitis
B at birth, and 6 and 14 weeks of age; against Hib infections at
6, 10, and 14 weeks of age; oral poliovirus vaccine (OPV)
should be given at birth and inactivated poliovirus vaccine
(IPV) at 6, 10 and 14 weeks of age.13 In 2015, the coverage with
3 doses of DTP, Hib, hepatitis B and polio vaccines was esti-
mated at 87%, 45%, 87%, and 86%, respectively, in India.14

Currently, only pentavalent combination vaccines are avail-
able in India (i.e. DTPw-whole cell pertussis [Pw]-HBV-Hib
and DTPa-IPV/Hib).

Although the use of OPV in India has led to the country
being declared polio-free in 2014,15 it also contributes to the
risk of vaccine-associated paralytic poliomyelitis (VAPP).16,17

The incidence of VAPP has been estimated at 2–4 cases/million
birth cohort per year in countries using OPV18 which high-
lights the need to consider the risks associated with continued
OPV use.19 Studies have reported the incidence of VAPP cases
associated with OPV in India16 and have recommended replac-
ing OPV with IPV in order to avoid VAPP.20,21 Moving from
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OPV to IPV is very important in complete global eradication of
polio, and vaccines combining IPV (e.g. DTPa-HBV-IPV/Hib)
appear to be the most convenient way to facilitate this change.22

In order to support policy makers and healthcare providers to
make informed decisions on vaccination in India, we evaluated the
immunogenicity and safety of DTPa-HBV-IPV/Hib when admin-
istered to Indian infants according to either the 6–10–14 weeks
(W) of age or 2–4–6 months (M) of age schedule.

Results

Study population

A total of 224 children were enrolled and vaccinated (total vac-
cinated cohort [TVC]) in this study, of whom 223 (6–10–14W
group n D 111; 2–4–6M group n D 112) completed the study
(Fig. 1). 211 subjects (6–10–14W group n D 105; 2–4–6M
group n D 106) were included in according-to-protocol (ATP)
immunogenicity cohort. Both groups were comparable demo-
graphically: all subjects were of Central/South Asian heritage
with an overall mean age of 6.8 (§1.1) weeks; 53.6% were male.

Assessment of immunogenicity

One month after the third vaccine dose, seropositivity/seropro-
tection rates were similar in both groups (Table 1). All subjects in
both groups were seroprotected against diphtheria and tetanus.

In both groups, �99.0% of subjects were seroprotected
against Hib polyribosylribitol phosphate (PRP) (Table 1).

Before the first dose study vaccination, 17.5% of the subjects
in 6–10–14W group and 16.0% of the subjects in 2–4–6M
group were seroprotected for hepatitis B, reflecting the hepatitis
B birth vaccination that all study participants received. One
month after primary vaccination, �99.0% of subjects were
seroprotected against hepatitis B in both groups.

Before the first dose of study vaccination, at least 68.6%, 67.9%
and 26.1% of the subjects were seroprotected against poliovirus
type 1, 2 and 3, respectively, in both groups, reflecting the OPV
vaccination all study participants received at birth. One month

post-primary vaccination, all subjects were seroprotected against
poliovirus 1 and 2 in both groups; 98.6% subjects in 6–10–14W
group (all except one subject) and all subjects in 2–4–6M group
were seroprotected against poliovirus 3 (Table 1).

One month post-primary vaccination, all subjects in both
groups were seropositive for anti-pertussis toxin (PT), anti-fila-
mentous haemagglutinin (FHA) and anti-pertactin (PRN) anti-
bodies (�5 EL.U/ml) and the vaccine response rates to the
pertussis antigens were above 97% and 98% in the 6–10–14W
and 2–4–6M groups, respectively, for at least one antigen
(Table 2). At pre-vaccination, the geometric mean concentra-
tion (GMC) values were 5.0 EL.U/ml and 4.6 EL.U/ml for anti-
PT; 18.7 EL.U/ml and 20.1 EL.U/ml for anti-FHA; and 3.4 EL.
U/ml and 3.2 EL.U/ml for anti-PRN in the 6–10–14W and 2–
4–6M groups, respectively. The levels of pertussis antibodies
observed at the pre-vaccination are probably due to the natural
exposure to the disease or maternal transfer of antibodies
against pertussis. One month after the third dose, the GMC val-
ues were 107.3 EL.U/ml and 108.2 EL.U/ml for anti-PT;
293.7 EL.U/ml and 369.3 EL.U/ml for anti-FHA; and 224.4 EL.
U/ml and 243.6 EL.U/ml for anti-PRN across the 2 groups.

Assessment of safety and reactogenicity

During the 4-day follow-up period, pain was the most frequently
reported solicited local symptom, being reported in 25.2% (28/
111) and 13.4% (15/112) subjects in the 6–10–14W and 2–4–6M
groups, respectively (Fig. 2). Pain was also the most frequently
reported grade 3 local symptom (1.8% of subjects in the 6–10–
14W group; 0.9% of subjects in the 2–4–6M group). Fever (axil-
lary temperature�37.5�C) was the most frequently reported soli-
cited general symptom in both groups, with an incidence of
15.3% (17/111 subjects) and 15.2% (17/112 subjects) in the 6–10–
14W and 2–4–6M groups, respectively. In all instances, fever was
assessed as causally related to the vaccination. It was also the most
frequently reported grade 3 (i.e., axillary temperature >39�C)
solicited general symptom and was recorded in 0.9% of subjects
in the 2–4–6M group. None of the subjects in the 6–10–14W
group reported grade 3 fever.

Figure 1. Study flow chart.
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During the 31-day follow-up period, at least one unsolicited
adverse event (AE) was reported for 35.7% (40/112) and 22.3%
(25/112) of subjects in 6–10–14W and 2–4–6M groups, respec-
tively. Upper respiratory tract infection was the most frequently
reported unsolicited AE (6–10–14W group: 16.1% [18/112];
2–4–6M group: 9.8% [11/112]). None of the subjects reported
grade 3 unsolicited AEs. Three serious AEs (SAEs; lower respi-
ratory tract infection, pneumonia and bronchiolitis) were
reported in 5 subjects in both groups (6–10–14W group, n D 2;
2–4–6M group, n D 3). None of the unsolicited adverse events
or SAEs were assessed by the investigator as causally related to
the vaccination. No subjects withdrew from the study due to an
AE or SAE.

Discussion

Since its licensure in 2000, more than 137 million doses of the
combined DTPa-HBV-IPV/Hib vaccine were distributed
worldwide. Post-marketing surveillance data confirmed its clin-
ically acceptable safety profile and its robust immuno-
genicity.5,8,23

We assessed the immunogenicity and safety of primary vac-
cination with the combined DTPa-HBV-IPV/Hib vaccine
administered to Indian infants according to either a 6–10–14W
or 2–4–6M schedule. One month after third vaccine dose, the
seroprotection rates ranged from 98.6% to 100% for all study
antigens. These results are in line with a previous study from
the Philippines where seroprotection rates ranging from 90% to
100% were recorded after primary vaccination with the DTPa-
HBV-IPV/Hib vaccine using the 6–10–14W schedule.11 Like-
wise, several studies have reported comparable seroprotection/
seropositivity rates one month post primary vaccination
according to a 2–4–6M schedule.24–26 The vaccine response to
the pertussis antigens (97–100%) was also similar to previous
reports.24

Post-primary vaccination, �99.0% of the subjects were sero-
protected against anti-HBs. Even though it has been established
that the hepatitis B immunogenicity elicited by the combined
DTPa-HBV-IPV/Hib vaccine is comparable to that elicited by
the monovalent vaccine,27 previous studies have demonstrated
that a HBV birth dose is essential to achieve targeted seropro-
tection rates �95%, with the combined vaccine, when the accel-
erated 6–10–14W schedule is used.11 It should be noted that, in
accordance with local Indian recommendations, all subjects
included in this study received a birth dose of hepatitis
B vaccine.

Similarly, the pre-vaccination seroprotection rates for polio-
virus 1, 2 and 3 were due to the birth dose of OPV received as
per local standard of care. Post-vaccination seroprotection rates
(98.6% to 100%) were in line with previous reports.11 Cases of
VAPP are occasionally reported in countries where wild polio-
virus has been eliminated, and therefore replacing OPV by IPV
in pediatric immunization schedules is an important step

Figure 2. Overall incidence of solicited local and general symptoms for 4 d after primary vaccination (Total vaccinated cohort).

Table 2. Vaccine response rate (%) to anti-PT, anti-FHA and anti-PRN antibody con-
centrations one month after third vaccine dose (ATP cohort for immunogenicity).

% Vaccine response (95% CI)

Antibody 6–10–14W group 2–4–6M group

Anti-PT antibody 100 (96.5–100) 99.0 (94.8–100)
Anti-FHA antibody 97.0 (91.6–99.4) 98.0 (93.1–99.8)
Anti-PRN antibody 99.0 (94.8–100) 99.0 (94.8–100)

95% CI: 95% confidence interval; PT: pertussis toxoid; FHA: filamentous haemag-
glutinin; PRN: pertactin.
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towards global polio eradication.22 The role of IPV in poliovi-
rus control and complete polio eradication is reflected in WHO
guidelines recommending the administration of at least one
IPV dose to all children, and by the growing number of coun-
tries transitioning from OPV to an all-IPV schedule.18 The
combined DTPa-HBV-IPV/Hib vaccine would facilitate this
transition from OPV to IPV in India, which is a key step in the
fight for global polio elimination.

The combined DTPa-HBV-IPV/Hib vaccine was generally
well tolerated by Indian infants. This vaccine was known to be
associated with low incidence of clinically significant AEs and
very rare SAEs.5 There were no withdrawals from the study due
to any AEs or SAEs. A previous study (NCT00316147) has also
confirmed the safety of the hexavalent vaccine in Indian infants
when administered according to either recommended 6–10–
14W or internationally adopted 2–4–6M vaccination sched-
ules.28 These findings are in line with previous reports where
acceptable safety profiles have been observed across different
dosing schedules.11,23

Our study is the first to report the immunogenicity and
safety of DTPa-HBV-IPV/Hib in India. A high level of
compliance was observed, with 99.6% subjects receiving all
the 3 vaccine doses and 94.2% subjects being eligible for
inclusion in the immunogenicity cohort. Although our
study was limited by the small sample size and exploratory
nature of analysis, it did comply with the current regulatory
requirements in India.

Combined vaccines are the preferred choice for infant
immunization as they simplify the childhood vaccination
schedule. Furthermore, they are convenient and cost-effective,
with better coverage, improved compliance, and require fewer
clinic visits.6,29 The choice of dosing schedule differs markedly
between countries, although the extended 2–4–6M schedule
has the advantage of facilitating visits at the crucial 4 and
6 month stages, when infants are being weaned (from breast-
feeding).30 This schedule is widely adopted in Western coun-
tries, as well as in some Asian countries.31

Recent resurgence in pertussis disease incidence and a shift of
the disease to older age groups in some countries that switched
from DTPw to DTPa vaccination32 in infancy, were partly
attributed to waning of long-term Pa vaccine efficacy, which was
estimated to be more rapid when compared to Pw vaccines.33

Therefore, WHO endorsed the use of DTPw in settings in which
additional booster immunizations or other strategies for pre-
venting early pertussis infant mortality (e.g., pertussis maternal
immunization) are not easily attained.34 Although the reactoge-
nicity of DTPa vaccines was shown to be more reduced than
that of DTPw, the currently available measures of immune
response against pertussis might not be predictive of long-term
effectiveness, and so interchangeability of infant DTP vaccines
should be further explored and cautiously approached in the
context of different pediatric immunization programs.

In conclusion, the combined DTPa-HBV-IPV/Hib vac-
cine is immunogenic and well tolerated when administered
according to either a 6–10–14W or 2–4–6M schedule to
healthy Indian infants. DTPa-HBV-IPV/Hib might be con-
sidered a viable choice in the transition from OPV to IPV
vaccination, which could contribute to reducing the risk of
VAPP.

Materials and methods

Study design and participants

This open-label, phase III study was conducted at 4 Indian cen-
ters between 16 April 2012 and 25 February 2013 (www.clinical
trials.gov NCT01353703). It was conducted according to Good
Clinical Practice and the Declaration of Helsinki, and the study
protocol was approved by the ethics committees at all partici-
pating study centers. Written informed consent was obtained
from the parents/guardians of all the subjects before initiating
any study-related procedure.

A target enrollment of 224 subjects (112 subjects per group)
was considered, which after a 10% drop-out would still have
ensured 100 subjects per group evaluable for immunogenicity.
Subjects were randomized (1:1) in 2 groups to receive 3 doses
of the combined DTPa-HBV-IPV/Hib vaccine according to
either a 6–10–14W or 2–4–6M schedule (control group).
Healthy infants aged 6 to 10 weeks, who had previously
received a dose of hepatitis B vaccine within the first week of
birth, and born after a gestation period of 36 weeks, were
enrolled in this study. The exclusion criteria included: use of
any investigational drug/vaccine (except human rotavirus) 30 d
before vaccination or any immunoglobulins/blood products
since birth, or immunosuppressants/immune modifying drugs
within 6 months of the first vaccine dose, known hypersensitiv-
ity to the study vaccine components, confirmed/suspected
immunosuppressive/immunodeficient condition, family history
of congenital/hereditary immunodeficiency, major congenital
defects or chronic illness and/or fever at the time of enrolment.
Other reasons for exclusion included previous exposure to
diphtheria, tetanus, pertussis, hepatitis B, poliomyelitis and/or
Hib vaccination or disease (with the exception of a birth dose
of hepatitis B and OPV vaccination).

Study vaccine

Each 0.5 ml dose of the recombinant DTPa-HBV-IPV/Hib vac-
cine contained �30 international units (IU) of diphtheria tox-
oid (DT), �40 IU tetanus toxoid (TT), 25mg PT, 25mg FHA,
8mg PRN, 10mg recombinant hepatitis B surface antigen, 40D,
8D and 32D antigen units of poliovirus types 1, 2 and 3, respec-
tively, and 10mg PRP conjugated to TT (20–40mg). All vaccine
doses were administered intramuscularly into the upper side of
the right thigh.

Immunogenicity assessment

Blood samples were collected from all subjects before the first
dose (pre-vaccination) and one month after the third dose
(post-vaccination). Antibodies against DT, TT, PRP, FHA, and
PRN were measured using standard in-house enzyme-linked
immunosorbent assays (ELISA). The anti-HBs concentrations
were measured using a commercial chemiluminescence assay
(ADIVA CentaurTM Anti-HBs, Siemens Healthcare, Marburg,
Germany; cut-off: 6.2 mIU/mL). Antibodies against each polio-
virus (type 1, 2 and 3) were measured by a virus micro-neutrali-
zation assay. Seroprotection was defined as an antibody
concentration �0.1 IU/ml for diphtheria and tetanus,
�10 mIU/ml for antibodies to hepatitis B (anti-HBs), �1:8
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dilution for poliomyelitis, and �0.15mg/ml for PRP. Seroposi-
tivity for antibodies against pertussis antigens (PT, FHA and
PRN) was defined as an antibody concentration �5 EL.U/ml.
The primary objective of the study was to assess the vaccine
response rates to the pertussis antigens and seroprotection rates
against all other antigens included in the vaccine, one month
after the third dose.

Assessment of safety and reactogenicity

All and grade 3 solicited local (injection site pain, redness,
swelling) and general (drowsiness, fever, irritability/fussiness
and loss of appetite) symptoms were recorded for 4 (Day 0–3)
subsequent days after each vaccine dose. Unsolicited AEs were
recorded for 31 (Day 0–30) days after vaccination. SAEs were
recorded during the entire study period.

Statistical analysis

The statistical analyses were performed using SAS (Statistical
Analysis Software, SAS Institute Inc., Cary, NC, United States).

The primary analyses for immunogenicity were performed
on the ATP cohort. It included subjects meeting all eligibility
criteria, complying with the procedures and intervals defined in
the protocol.

The GMC/geometric meant titer calculations were per-
formed by taking the anti-log of the mean of the log transfor-
mations. Seropositivity rates against PT, FHA and PRN;
seroprotection rates against HBs, DT, TT, PRP antigen and
poliovirus types 1, 2 and 3 with 95% confidence intervals (CI)
were calculated. Percentage of subjects with anti-diphtheria
and anti-tetanus antibody concentrations �1.0 IU/ml; anti-
HBs antibody concentrations �100 mIU/ml; anti-PRP anti-
body concentrations �1.0 mg/ml were calculated with 95% CI.
GMC/Ts with 95% CI were tabulated for antibodies against
each antigen. Vaccine response rates with exact 95% CI to PT,
FHA and PRN were calculated one month after the third
vaccine dose.

The analyses for safety and reactogenicity were performed
on the TVCs, which included all subjects who had received at
least one dose of the study vaccine. The percentage of subjects
with at least solicited/unsolicited AE were tabulated with exact
95% CI after each vaccine dose and overall.
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Anti-HBs antibodies to hepatitis B surface antigen
ATP according-to-protocol
CI confidence interval
DT diphtheria toxoid
DTPa diphtheria-tetanus-acellular pertussis vaccine
DTPa-HBV-
IPV/Hib

combined diphtheria-tetanus-acellular pertus-
sis-hepatitis B-inactivated poliovirus and
Haemophilus influenzae type b vaccine

DTPw diphtheria-tetanus-whole cell pertussis vaccine
EL.U ELISA units
ELISA enzyme-linked immunosorbent assay
FHA filamentous haemagglutinin
GMC geometric mean concentration
GMT geometric mean titer
Hib Haemophilus influenzae type b
IPV inactivated poliovirus vaccine
IU international unit(s)
mIU milli-international units
OPV oral poliovirus vaccine
PRN pertactin
PRP Hib capsular polysaccharide polyribosyl-ribitol

phosphate
PT pertussis toxoid
TT tetanus toxoid
TVC total vaccinated cohort
ED50 median effective dose
VAPP vaccine associated paralytic polio
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ABSTRACT
Ovarian cancer accounts for 6% of all cancers among women. 
The majority (85–90%) of malignant ovarian tumors are epithe-
lial. Transitional cell carcinoma (TCC) has been described as a 
primary ovarian carcinoma in which definite urothelial features 
are present, but no benign, metaplastic, and/or proliferating 
Brenner tumor can be identified. It accounts for 1 to 2% of all 
ovarian tumors. Bilateral involvement is still rare. It is reported 
to be chemosensitive and has better prognosis than other types 
of common epithelial tumors of the ovary. Here we report a rare 
case of bilateral TCC of the ovary managed by staging opera-
tion, followed by postoperative chemotherapy.
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INTRODUCTION

Transitional cell carcinoma (TCC) of the ovary is a recently 
recognized subtype of ovarian surface epithelial cancer. 
It was first defined by Austin and Norris.1 In addition to 
not having a benign Brenner tumor component, TCC lacks 
the prominent stromal calcification. The true incidence of 
TCC of the ovary remains unknown. Patients with TCC 
have better prognosis compared with patients with all 
other types of ovarian carcinomas following cisplatin-
based chemotherapy.

CASE REPORT

A 44-year-old woman presented with gradual abdominal 
distension and loss of weight of 6 months duration. On 

examination, she had ascites. Abdominal ultrasound and 
computed tomography showed bilateral ovarian masses, 
suggestive of ovarian malignancy. There was no evidence 
of abnormal lymphadenopathy. Urinary bladder was 
normal. Her routine investigations were within normal 
limits. Peritoneal fluid analysis was negative for malig-
nant cells. Total abdominal hysterectomy, bilateral sal-
phingo-oophorectomy, and infracolic omentectomy were 
performed. Uterus with cervix measured 6 × 4 × 2.5 cm.  
Cut section showed patent endocervical canal with 
uterine wall measuring 2 cm. The left ovary measured  
8 × 7 × 4 cm and the right ovary 4 × 3 × 2 cm. Cut section 
showed solid and cystic areas (Fig. 1). Microscopically, 
endometrium showed proliferative phase, myometrium 
adenomyosis and cervix, and chronic nonspecific cer-
vicitis with papillary endocervicitis. Both the ovarian 
masses showed similar features – papillae lined by 
malignant transitional epithelium. The cytoplasm of the 
cells was pale and granular. Nuclei were oval, vesicular, 
and showed nucleoli (Fig. 2). Search was made for benign 
Brenner component, which was not evident. Omentum 
did not show any malignant deposits. A diagnosis of TCC 
involving both ovaries was given, with International Fed-
eration of Gynecology and Obstetrics staging of stage Ib, 
grade III. The patient was referred to the oncology center 
for chemotherapy.

DISCUSSION

Transitional cell carcinoma of the ovary is a recently 
recognized subtype of ovarian surface epithelial cancer. 

JSAFOG

CASe RepORt
10.5005/jp-journals-10006-1492

Bilateral Ovarian Transitional Cell Carcinoma
1Hema B Bannur, 2Vijayalaxmi V Suranagi, 3Reshma Davanagere, 4Ganga S Pilli

1,2Professor, 3Associate Professor, 4Professor and Head
1-4Department of Pathology, K.L.E. University’s Jawaharlal 
Nehru Medical College, Belgaum, Karnataka, India

Corresponding Author: Hema B Bannur, Professor, Department 
of Pathology, K.L.E. University’s Jawaharlal Nehru Medical 
College, Belgaum, Karnataka, India, Phone: +919964546694 
e-mail: drhemabannur@yahoo.co.in Fig. 1: Cut section of both ovarian masses showing solid and 

cystic areas



Hema B Bannur et al

196

These tumors are rare and account for 1 to 2% of all 
surface epithelial tumors of the ovary. Ovarian tumors 
containing cells with transitional cell morphology are 
recognized in the 1990 World Health Organization clas-
sification and include benign Brenner tumor, borderline 
and malignant Brenner tumor, and TCC.2 Karnezis et al3  
reported transitional cell-like growth in 10 tumors (14%) 
out of 71 ovarian endometroid carcinoma, but did not 
appear to independently affect patient outcome. Common 
presenting symptoms of TCC of ovary are abdominal 
pain, abdominal swelling or distension, and weight 
loss. Occasionally, uterine bleeding, back pain, bowel, or 
urinary symptoms can occur. Microscopically, it shows 
undulating, diffuse, insular, and trabecular growth pat-
terns.4 Our case showed large blunt papillae, which was 
also observed by Eichhorn and Young5 in 63% of their 
cases.

Primary TCC of ovary needs to be differentiated from 
metastatic TCC from urinary bladder. Logan et al2 used 
urothelial markers to distinguish between these two. 

Fig. 2: Photomicrograph showing blunt papillae lined by malignant 
transitional epithelium (hematoxylin and eosin stain; 200×)

Transitional cell carcinoma of the ovary was cytokeratin 
(CK)20 −ve, uroplakin III (URO III) −/+, Wilm’s tumor 
protein (WT1) +, while invasive TCC of bladder metastatic 
to ovary was CK20 +, URO III +/−, and WT1−. Austin 
and Norris1 have concluded that ovarian TCC arises from 
the pluripotent surface epithelium of the ovary and from 
cells with urothelial potential, rather than from a benign 
or proliferative Brenner tumor precursor. Cancer antigen 
125 was positive in all malignant Brenner tumors and 
TCCs but not in benign and borderline tumors. Surgical 
resection is the primary therapeutic approach, and patient 
outcome after chemotherapy is better than for other types 
of ovarian cancer.6

Here we report a rare occurrence of primary TCC 
involving both the ovaries. Extensive literature search 
did not reveal reports of bilateral involvement.
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Abstract
Intramedullary spinal tuberculoma is an extremely rare disease when compared to pulmonary, extrapulmonary and
skeletal tuberculosis in developing countries. In the absence of systemic tuberculosis, clinical presentation is non
distinctive from other intramedullary lesions. We report two cases of intramedullary tuberculoma both presenting
with signs and symptoms of space occupying lesions. Surgical excision was done in both cases following which pa-
tients improved neurologically. Histopathological evaluation is essential to provide curative treatment.
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Introduction
Intramedullary tuberculoma is a rare cause of Spinal
cord compression. Intradural spinal tuberculosis is
rare while Intramedullary spinal tuberculomas
(IMT) are still rare;1 the incidence quoted is two in
100,000 cases of all tuberculosis.2 Intramedullary
spinal TB was first described by Abercrombie in
1828.3 Spinal intramedullary tuberculous abscesses
(ITA) is still rare.4 We report two cases of in-
tramedullary spinal tuberculoma.

Case Report 1
A 55-year-old man presented with asymmetric onset
of paraparesis since five months. Initially he noticed
weakness in the left foot since five months, followed
by right foot since three months. Later, slowly pro-
gressing to proximal muscles. He noticed tingling
and numbness in the left foot for 3 months which
gradually ascended proximally. He had urinary ur-
gency since two months. History of significant
weight loss and loss of appetite since five months. No
history suggestive of stiffness, involuntary move-
ments, flexor spasm, thinning of muscles. Past histo-
ry of tuberculosis, diabetes mellitus was absent.

On examination patient was conscious, oriented.
Higher mental functions and cranial nerves appeared
normal. On inspection of spine and cranium was nor-
mal. He had mild atrophy of left leg and foot mus-
cles. He had asymmetrical paraparesis (right: proxi-
mal 4+/5 ,distal 4/5; left: proximal 4/5, distal 3/5).

Sensation below L3 level was impaired. Deep tendon
reflexes normal in upper limb and sluggish in lower
limb. Right side plantar response was extensor and
left side was flexor. Cremasteric reflex was absent.
Routine blood investigations was normal. Chest X-
ray was normal. MRI of spine plain and contrast re-
vealed intramedullary peripherally hypointense le-
sion with central hyperintensity and perilesional ede-
ma at D12-L1 level on T2 W images with intense pe-
ripheral enhancement on gadolinium injection (Tar-
get sign) (Figure 1).

Case Report 2
A twenty-three-year-old woman presented with
asymmetrical weakness of left upper and lower limbs
since two months. She noticed tingling and numb-
ness of left upper and lower limbs since three
months. Initially she noticed weakness in the left
hand and left foot which gradually ascended proxi-
mally. No history suggestive of limb stiffness, invol-
untary movements, flexor spasm, bowel and bladder
disturbances. She was diagnosed with pulmonary tu-
berculosis with tubercular cervical lymphadenopathy
and cold abscess two years back. She had completed
her antitubercular treatment course following diag-

Fig. 1. Peripherally ring enhancing thick walled lesion with perilesional
edema(target sign).



nosis.

On examination patient was conscious and oriented.
Higher mental functions and cranial nerves were
normal. Inspection of cranium and spine was normal.
She had asymmetrical weakness of upper limbs
(right: proximal and distal 5/5; left: proximal 4/5,
distal 3/5) lower limb (right: proximal and distal 5/5;
left: proximal and distal 4/5). Upper limb and lower
limb reflexes were exaggerated with left plantar ex-
tensor and right flexor. Sensation on left side below
C5 level was decreased. Rest of the systemic exami-
nation was normal.

Routine blood investigation and chest x-ray was nor-
mal. Magnetic resonance imaging spine revealed in-
tramedullary lesion at C4, 5 level which was hy-
pointense on T2 W images and isointense on T1.
Perilesional edema was present. On contrast, there
was ring enhancement with central hypointensity
(Figure 2).

Both patients were started on antitubercular and
antiedema drugs. Both underwent laminectomy with
midline durotomy and myelotomy with total excision
of lesion. Post-operative recovery was uneventful. In
both cases tuberculoma was confirmed on
histopathology (Figure 3). Anti-tubercular treatment
was continued. Post op follow up of case one with 18
months showed near normal lower limb power and
normal sphincter functions. Case two follow up of six
months showed good improvement in left extremi-
ties motor power with mild tingling numbness of left
upper limb.

Discussion
Spinal intramedullary tuberculoma is a rare disease;
its incidence among patients with tuberculosis is only
two per 100,000 accounting for only two percent of
all cases of central nervous system tuberculosis. The
ratio of intramedullary tuberculoma to intracerebral
tuberculoma is approximately 1:42 and 72% of lesions
are located in the thoracic cord.4 Case one had dorso-
lumbar junction tuberculoma with no pulmonary dis-
ease. Spinal intramedullary tuberculoma is mostly in-
duced by hematogenous dissemination or cere-
brospinal fluid infection. Tuberculomas develop fol-
lowing haematogenous dissemination of bacilli from
an infection elsewhere in the body, usually lung. Case
two had pulmonary tuberculosis for which she had
completed her antitubercular course and had cervical
tuberculoma which is rare location. There is a slight
male preponderance for intramedullary spinal cord
tuberculoma (M:F, 1.5:1). Duration of symptoms at
presentation varies from three to twenty months
(mean 11.5 months).5

Chest radiographs and CT scanning are effective
measures for the detection of pulmonary tuberculo-
sis and extrapulmonary tuberculosis. For spinal in-
tramedullary tuberculosis, MRI is the optimal mea-
sure because it can accurately show location, size,
and number of lesions, as well as whether there is de-
generation and necrosis around the lesions. In the
early phase, the tuberculoma is characterized by se-
vere infective reactions, poor formation of the gel
capsule and severe edema around the lesion. During
this phase, both T1W and T2W images show equal
signal intensity and they are evenly enhanced after

Fig. 2. (a) Hypointense with well-defined borders on T2 W, (b) images
enhancing intensely on contrast injection with central hypointensity.

Fig. 3. HPR. 10x shows caseating granulomatous lesion and showing giant
cell granuloma on 40x.
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being intensified. As the gel content in the tuberculo-
ma increases, the peripheral edema is alleviated or
may disappear. As a result, T1W images show equal
signal intensity; meanwhile, T2W shows equal or low
signal intensity. After enhanced scanning, there is
rim enhancement and low signal in the central re-
gion. With the development of caseation, T2W im-
ages show a typical "target sign"6,7 which means that
it exhibits a range from the low signal target to the
high signal rim and also from the center of the low
signal rim to the peripheral parts. Differential diag-
noses include common spinal intramedullary tumors,
such as astrocytic glioma, ependymoma, and heman-
gioblastoma. Preoperative antituberculous therapy
for 1–2 weeks may avoid spreading of intraoperative
tuberculosis. Careful dissection and resection could
get good recovery for intramedullary tuberculoma
with mass effect and paradoxical enlargement of the
tuberculoma at late stage.8,9 Postoperative whole
course antituberculous chemotherapy is mandatory.

Conclusion
Though spinal intramedullary tuberculomas are rare.
It should be considered in the differential diagnosis
of intramedullary lesions in developing countries.
Timely intervention with surgery and chemotherapy
yields good prognosis.
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Guillain–Barré syndrome (GBS) is an acute onset,
usually monophasic immune-mediated disorder of the
peripheral nervous system. Acute inflammatory
demyelinating polyradiculoneuropathy (AIDP) is the
most widely known form of GBS. However, axonal
variants of GBS are also commonly seen in India; in one
Indian series, the incidence of AIDP and AMAN (Acute
motor axonal neuropathy) was virtually equal [1].

The widely employed Asbury and Cornblath case
definitions and the recent, the Brighton Collaboration
developed case definitions of GBS were developed in
the West, where AIDP is the most common form of GBS
[2,3]. The two features essential for a diagnosis of GBS
according to these criteria are progressive motor
weakness and areflexia. The axonal variant of GBS
usually has retained deep tendon reflexes or at times
hyperreflexia either in the beginning or throughout the
course of the disease [4]. Though this was described in
the initial studies of AMAN, most text books still stress
the presence of areflexia in GBS. This results in delay in
the diagnosis of GBS or may even result in considering
upper motor neuron disease as a cause for the
presentation resulting in unnecessary investigations like
magnetic resonance imaging of the spine/ brain resulting
in additional cost to the parents.

Recently, there have been reports of hyperreflexia in
GBS – mainly  in the adult literature – from India also but
not in children [5,6]. The variants most commonly
reported to be associated with retained or brisk reflexes
are AMAN, acute motor conduction block neuropathy,
and acute facial diplegia with brisk reflexes, of which
AMAN is of more importance to pediatricians. Although
preservation of reflexes, may simply be due to sparing of

Guillaine-Barre Syndrome with
Retained Deep Tendon Reflexes

the sensory afferent pathway, the occurrence of brisk
reflexes suggests a central mechanism. A proposed
mechanism for hyperreflexia is dysfunction of inhibitory
systems in the spinal interneurons. Distal conduction
disturbance—not axonal degeneration—produces low
motor responses on nerve conduction studies, termed as
reversible conduction failure or acute motor conduction
block neuropathy [6]. This could explain the relatively
good prognosis in this group.

Thus even though hyporeflexia or areflexia is
necessary for diagnosis of typical Guillain Barre
Syndrome, hyperreflexia does not exclude a GBS variant
and usually suggests an axonal type of GBS.

MAHESH KAMATE
Department of Pediatrics,

KLE University’s J N Medical College,
Belgaum, Karnataka,  India.

drmaheshkamate@gmail.com
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ABSTRACT
Aim: To present a rare case of nasal dermoid cyst and its 
management in a 14-year-old boy.

Background: Congenital midline nasal masses are rare, with 
an incidence estimated to be 1 in 20,000 to 1 in 40,000. Among 
these, nasal dermoid cyst is commonest. They arise from the 
lines of embryonic fusion. Various theories have been postu-
lated in the development of nasal dermoid cyst, and prenasal 
theory by Pratt is the most accepted one.

Case report: A 14-year-old boy presented with a gradually 
progressive midline swelling since birth, which was solitary, 
soft, nontransilluminant, present over the lower dorsum and tip 
region. Based on the history, clinical examination, and serial 
relevant investigations, diagnosis of a nasal dermoid cyst was 
made. Surgical strategy planned was dermoid cyst extirpation 
via an open rhinoplasty approach and augmentation of the 
defect with an autologous conchal cartilage graft.

Conclusion: Nasal dermoid cyst is a rare congenital anomaly. 
Presence of intracranial extensions, sinus formation, and other 
differential diagnosis should be ruled out preoperatively. It 
demands early surgical intervention in order to avoid further 
distortion of the nose or atrophy of the bony or cartilaginous 
component as a result of pressure secondary to the growth of 
cyst and infection.

Clinical significance:
•	 This	midline	congenital	cyst	is	cosmetically	unacceptable.	

Hence, early surgical removal is mandatory.
•	 Open	rhinoplasty	is	the	preferred	surgery	as	it	gives	good	

esthetic results. It gives a scope for augmentation of the 
defect following the extirpation of the cyst.

•	 Autologous	 conchal	 cartilage	 is	 the	 preferred	 graft	 as	 it	
provides	sufficient	quantity	and	esthetically	pleasing	contour.

Keywords: Augmentation rhinoplasty, Autologous conchal 
cartilage,	Nasal	dermoid	cyst,	Open	rhinoplasty.
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INTRODUCTION

Nasal dermoid cyst is a rare developmental anomaly that 
often arises in lines of embryonic fusion. It is derived from 
ectoderm and mesoderm and can contain all structures of 
normal skin. Nasal dermoid cysts comprise 1 to 3% of all 
dermoid cysts and 4 to 12% of head and neck dermoids.1 
They are most common congenital midline nasal masses, 
which may arise from glabella to columella, nasoglabel-
lar mass being the most common site of presentation.2-4 
They may appear as a cystic mass with a sinus opening 
or may present with nasal obstruction or broadening of 
nasal root or bridge. It usually terminates in a subcu-
taneous tract or with intracranial connection. Through 
the subcutaneous tract it may secrete sebaceous material 
or pus. It may get infected intermittently and form an 
abscess, thereby resulting in osteomyelitis. Intracranial 
connections can result in meningitis and cerebral abscess, 
which are seen in 4 to 45% of cases. Hence, radiological 
evaluation is mandatory prior to biopsy. Treatment option 
is surgical excision via open rhinoplasty, which is the 
preferred approach.5

CASE REPORT

A 14-year-old boy presented with swelling over tip of 
the nose since birth. Initially, it was size of a jowar seed 
that has gradually progressed to size of a gooseberry 
over 14 years, with no associated pain, discharge, or any 
change in color. There was no history of fever, headache, 
and vomiting.

On inspection, a solitary, sessile, spherical, midline 
swelling over tip of the nose, measuring about 3 × 3 cm, 
smooth, nonerythematous was seen. On palpation, the 
swelling was soft, no tender, well-demarcated, fluctuant, 
compressible, nonreducible, nontransilluminant, and slip 
sign was negative (Figs 1 and 2).

INVESTIGATIONS

Routine blood investigations: Normal.
X-ray nose lateral view: Soft tissue swelling noted at 

the lower dorsum over the tip of nose. Nasal bones are 
normal (Fig. 3).
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Ultrasonography nose: Well-defined cystic collection 
with thick internal contents at tip of the nose along midline, 
measuring 2.4 × 2.2 × 1.6 cm. On color Doppler, collection 
shows no vascularity, suggestive of dermoid cyst.

Fine needle aspiration cytology: Papanicolaou and May-
Grunwald-Giemsa stained smears: Plenty of anucleate 
squames in the background of keratin debris suggestive 
of dermoid cyst. Aspirate was sent for culture: No organ-
isms grown.

Computed tomography (CT) scan plain and contrast: 
Well-defined hypodense soft tissue lesion showing 
fatty attenuation at the tip of the nose along the midline  
(Fig. 4).

Treatment: Excision of the dermoid cyst was through 
an open rhinoplasty approach with augmentation rhino-
plasty using conchal cartilage (Fig. 5).

HISTOPATHOLOGY REPORT

Gross: Oval, cystic, soft tissue piece, measuring 2 × 2 × 1 
cm. Cut section contained putty-like material.

Microscopy: The cyst is lined by stratified squamous 
epithelial cells, keratin debris, and adjacent layer of car-
tilage (Fig. 6).

DISCUSSION

External nasal masses are rare, and congenital masses 
are even rarer of the all. Further, among the congenital 
masses, congenital midline nasal masses being the rarest, 
occur one in every 20,000 to 40,000 live births.1,6,7 The term 
“nasal dermal cyst” was coined by Session.8 It is formed 
by three layers. They are ectoderm, mesoderm, and the 
deeper layer of cartilaginous capsule. The first descrip-
tion of a nasal dermoid cyst was given by Cruvelier. He 
described nasal dermoid cyst in a child which presented 
with a sinus-containing hair that opened on the dorsum 
of the nose.

Various theories have been postulated in the develop-
ment of dermoid cyst, such as superficial sequestration 
theory by Bland-Sutton,9 trilaminar theory as proposed 
by Littlewood. Prenasal theory by Pratt and cranial theory 
by Bradley are the most accepted ones.2 Development of 
skull base and nose is a complex process. It involves for-
mation of mesenchymal structures which are formed as 
a result of fusion and ossification of several centers. There 
are recognized spaces in between these centers which are 
responsible for the development of congenital midline 
nasal masses. These include fonticulus nasofrontalis, the 
prenasal space, and the foramen cecum that eventually 
get closed by fusion and ossification.3,10 Due to failure 
of the fusion of frontal and nasal bones, dura extends 
through the foramen cecum and through the prenasal 
space to come into contact with the epidermis of the skin, 
resulting in trapping of ectodermal elements. Usually, 
the dural projection loses its cutaneous connection and 
retracts through the foramen cecum, followed by closure 
of the latter. If this process of obliteration is incomplete, 

Fig. 1: Swelling over the tip of the nose Fig. 2: Negative transillumination test

Fig. 3:	X-ray	nose	lateral	view:	soft	tissue	swelling	noted	at	the	
lower dorsum over the tip of nose
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Figs 4A to D:	(A)	CT	scan	plain	showing	axial	and	coronal	view	well-defined	hypodense	lesion	over	tip	of	the	nose;	(B)	CT	scan	plain	
showing	axial	and	coronal	view	well-defined	hypodense	lesion	over	tip	of	the	nose;	(C)	CT	scan	with	contrast:	well-defined	hypodense	
soft	tissue	lesion	showing	fatty	attenuation	in	the	tip	of	the	nose	along	the	midline;	and	(D)	CT	scan	with	contrast:	well-defined	hypodense	
soft tissue lesion showing fatty attenuation in the tip of the nose along the midline 

A
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Figs 5A to E:	Intraoperative	images:	(A)	exposure	of	ligament	of	Pitanguy	and	the	cyst;	(B)	dermoid	cyst	dissected	
and separated from its attachment to lower alar cartilage. Skin pinched in so as to pop out the cyst; (C) cyst separated 
from all the sides in toto except from its superior attachment. Later even superior attachment dissected; (D) defect in 
the supratip area following cyst removal; and (E) conchal cartilage harvested and sculptured to an appropriate shape

Fig. 6:	Histopathology:	stratified	squamous	epithelial	cells,	
keratin debris

dermal connections in the form of a sinus tract or a cyst 
may be found at any level of the pathway. The insidi-
ous growth of nasal dermoids, the risk of meningitis, 
and the cosmetic deformity are indications for surgical 
extirpation. Differential diagnosis that has to be ruled 
out are gliomas, encephaloceles, and epidermoid cysts.1,6 
Imaging modalities for diagnosis are plain radiographs, 
CT scan, and magnetic resonance imaging; plain and 
with contrast that helps to access the lesion and determine 
possible intracranial extensions if present.2,4

In this case, a 14-year-old boy presented to us mimic-
king and reminding us of the well-known cartoon  
character “PINOCCHIO.” This swelling had the charac-

D
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C
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Figs 7A and B: (A) The location and position of the graft beneath the skin over the lower alar cartilages 
and	in	between	upper	alar	cartilages;	(B)	postoperative	images:	sixth	month	postoperative

teristic findings of a dermoid cyst with a rare presenta-
tion over lower dorsum of the nose and featureless tip. 
Diagnosis was confirmed with serial relevant investiga-
tions. Excision of the dermoid cyst via open rhinoplasty 
was performed. Supratip lower dorsum defect (sad-
dling) was corrected with morselized and crushed stack  
of conchal cartilage graft (Fig. 5). Postoperative day  
10 dressing and sutures were removed. Thereafter, 
patient was called for regular follow-up and was 
uneventful (Fig. 7: postoperative images).

CONCLUSION

Swelling over the dorsum of nose as seen in this case is 
cosmetically unacceptable. Open rhinoplasty provides 
better cosmetic results, wide exposure, and scope for 
reconstruction in order to reinforce the nasal dorsal 
skin, better healing, and less chances of gaping wound; 
bimanual surgical dissection can be accomplished more 
efficiently and a very good technique for demonstra-
tion and training of the residents. Moreover, external 
rhinoplasty gives a very good access to the tip of the 
nose.3,11,12

Most repairs of nasal defects, after nasal dermoid cyst 
excision, are done by using an open rhinoplasty approach 
with autologous septal and costal cartilages as graft 
materials for reconstruction. Autologous cartilage is the 
material of choice for dorsal augmentation.5 Reconstruct-
ing the defect using only septal cartilage is insufficient for 
dorsal augmentation, whereas costal cartilage has been 
associated with donor site morbidity. Moreover, Asians 
have a relatively smaller septal cartilage and in younger 
patients the amount of cartilage is quite small, thereby 
requiring the preservation of large L-strut. Therefore, 
in this case, autologous conchal cartilage was used as 

there was obvious defect at supra tip area causing the 
saddling, and the amount of harvested conchal cartilage 
was sufficient enough to accommodate the same and give 
stability and good cosmetic contour.
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BACKGROUND
The prevalence of facility-based childbirth in low-resource settings has increased dra-
matically during the past two decades, yet gaps in the quality of care persist and mortal-
ity remains high. The World Health Organization (WHO) Safe Childbirth Checklist, a 
quality-improvement tool, promotes systematic adherence to practices that have been 
associated with improved childbirth outcomes.
METHODS
We conducted a matched-pair, cluster-randomized, controlled trial in 60 pairs of facilities 
across 24 districts of Uttar Pradesh, India, testing the effect of the BetterBirth program, an 
8-month coaching-based implementation of the Safe Childbirth Checklist, on a composite 
outcome of perinatal death, maternal death, or maternal severe complications within 7 days 
after delivery. Outcomes — assessed 8 to 42 days after delivery — were compared between 
the intervention group and the control group with adjustment for clustering and matching. 
We also compared birth attendants’ adherence to 18 essential birth practices in 15 matched 
pairs of facilities at 2 and 12 months after the initiation of the intervention.
RESULTS
Of 161,107 eligible women, we enrolled 157,689 (97.9%) and determined 7-day outcomes 
for 157,145 (99.7%) mother–newborn dyads. Among 4888 observed births, birth atten-
dants’ mean practice adherence was significantly higher in the intervention group than 
in the control group (72.8% vs. 41.7% at 2 months; 61.7% vs. 43.9% at 12 months; P<0.001 
for both comparisons). However, there was no significant difference between the trial 
groups either in the composite primary outcome (15.1% in the intervention group and 
15.3% in the control group; relative risk, 0.99; 95% confidence interval, 0.83 to 1.18; 
P = 0.90) or in secondary maternal or perinatal adverse outcomes.
CONCLUSIONS
Birth attendants’ adherence to essential birth practices was higher in facilities that used 
the coaching-based WHO Safe Childbirth Checklist program than in those that did not, 
but maternal and perinatal mortality and maternal morbidity did not differ significantly 
between the two groups. (Funded by the Bill and Melinda Gates Foundation; Clinical 
Trials number, NCT02148952.)
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Globally, maternal mortality 
ranges from 3 to 1360 per 100,000 
births, neonatal mortality from 0.95 to 

40.6 per 1000 live births, and the rate of still-
births from 1.2 to 56.3 per 1000 births, with 
low-income and middle-income countries hav-
ing rates an order of magnitude higher than 
those in high-income regions.1,2 Although there 
have been reductions in mortality in recent 
decades, there is substantial room for improve-
ment.1,3-5 Despite a dramatic shift from home 
to facility-based births, birth attendants often 
do not adhere to practices known to reduce 
mortality, and mortality has not decreased as 
expected.6

Research has shown that programs with the 
sole purpose of strengthening birth attendants’ 
training or improving supply availability are in-
sufficient to meaningfully improve patient care 
or outcomes.7 Conversely, interventions incorpo-
rating job aids, such as checklists or case sheets, 
and direct, in-person support have proved effec-
tive in improving clinical practices8,9 as well as 
outcomes.10-12 To bridge the gap between evidence 
and practice, the World Health Organization 
(WHO) created the Safe Childbirth Checklist, a 
practical tool to assist birth attendants in plan-
ning for and performing a more complete 
bundle of 28 essential birth practices.13,14 These 
practices are related to the most common 
causes of avoidable death for women and new-
borns.15

Studies have previously shown that, when well 
implemented at a small scale, the WHO Safe 
Childbirth Checklist improves facility-based birth 
attendants’ adherence to evidence-based care.16-18 
We performed a large cluster-randomized trial of 
coaching-based implementation of the checklist 
(the BetterBirth program) in Uttar Pradesh, India.19 
We intended our intervention to support provid-
ers at multiple levels of the health system in using 
the checklist appropriately, to identify gaps in the 
quality of care at facilities, and to activate re-
sources (e.g., skills training and supply provision) 
within the existing health care system to address 
these gaps. We hypothesized that this interven-
tion, implemented at the facility (cluster) level, 
would result in a reduction in a composite out-
come of stillbirth, early neonatal death, maternal 
death, or maternal severe complications during 
days 0 to 7.

Me thods

Trial Design

We conducted a matched-pair, cluster-random-
ized, controlled trial in government health fa-
cilities that received either the BetterBirth pro-
gram, a coaching-based implementation of the 
WHO Safe Childbirth Checklist (60 facilities), or 
the existing standard of care (60 facilities). We 
have described the methods of the BetterBirth 
Trial,19 the BetterBirth intervention,20,21 and our 
data quality-assurance system22 elsewhere. The 
trial protocol and statistical analysis plan are 
available with the full text of this article at 
NEJM.org. The trial sponsor (the Bill and Me-
linda Gates Foundation) reviewed the trial de-
sign and sample-size calculations but was not 
involved in data collection, management, analy-
sis, or interpretation; the writing of the manu-
script; or the decision to submit the manuscript 
for publication.

Trial Setting and Participants

The most populous state in India (population of 
204 million, 77% rural),23 Uttar Pradesh is a 
high-priority region for national and interna-
tional public health organizations owing to its 
persistently high neonatal mortality (32 per 
1000 live births) and maternal mortality (258 per 
100,000 births).24,25 The government of Uttar 
Pradesh permitted the trial to proceed in 38 
districts, in which we identified 320 eligible fa-
cilities. We considered a facility to be eligible if 
it was designated as a primary health center, 
community health center, or first referral unit; 
had at least 1000 deliveries annually; had at least 
three birth attendants with training of at least 
the level of an auxiliary nurse midwife; had no 
other concurrent quality-improvement or re-
search programs; and had district and facility 
leadership willing to participate. The final trial 
sample included 120 facilities across 24 districts 
(see the Supplementary Appendix, available at 
NEJM.org).

We matched facilities (i.e., clusters) on the 
basis of the following criteria before randomiza-
tion: geographic zone, functional classification 
(primary health center, community health cen-
ter, or first referral unit), distance to a district 
hospital, annual birth volume, and number of 
birth attendants. We randomly assigned facili-
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ties to trial groups within each matched pair. 
After matching and randomization, we collected 
baseline data on practice adherence in 10 sites to 
confirm successful matching.

Women who were registered for labor and 
delivery — excluding women who delivered out-
side the facility, women who were referred from 
another facility, or women who were admitted 
for abortion — were eligible for the trial. At each 
intervention facility and its matched control site, 
we began enrolling patients 2 months after the 
initiation of the intervention. Enrollment contin-
ued until the target sample size of the site was 
reached or until 24 weeks after the completion 
of the intervention, whichever occurred first, 
with a 12-week minimum follow-up.

Intervention

We implemented the BetterBirth program in ac-
cordance with the Engage–Launch–Support model 
(Fig. S1 in the Supplementary Appendix) that 
was piloted at nontrial sites in Karnataka and 
Uttar Pradesh, India.18,21,26 Coaches (nurses) and 
coach team leaders (physicians or public health 
professionals), all of whom were unaffiliated with 
the facilities and comprehensively trained to ap-
ply a standard behavior-change framework, con-
ducted site visits during the 8-month Support 
phase.20,21 We expected coaches to conduct 43 
daylong visits to each facility, beginning twice 
weekly and tapering to monthly visits. Coach 
team leaders accompanied coaches on alternat-
ing visits (23 total visits). Each facility chose at 
least one staff member to serve as a childbirth 
quality coordinator, a local champion for use of 
the checklist and continued coaching.

Coaches motivated birth attendants to use the 
checklist and to identify, understand, and resolve 
barriers to providing quality care.20,21 Coach team 
leaders supported facility leadership in fostering 
team communication and addressing gaps in care 
at facility and district levels by accessing resourc-
es through the established health care system. 
Cloud-based data collection enabled rapid feed-
back on the progress of a facility. We provided no 
clinical-skills training, financial support, or clin-
ical supplies (except paper copies of the checklist).

Data Collection and Outcomes

The primary outcome was a composite outcome 
of events occurring within the first 7 days after 

delivery, incorporating stillbirth; early neonatal 
death; maternal death; or self-reported maternal 
severe complications, including seizures, loss of 
consciousness for more than 1 hour, fever with 
foul-smelling vaginal discharge, hemorrhage, or 
stroke. We selected measures of complications on 
the basis of definitions from the WHO guidance 
on maternal severe complications, using questions 
that had previously been validated for the report-
ing of complications by patients.27-30 We calculat-
ed a prespecified, additional composite outcome 
consisting of maternal and perinatal death only.

Secondary maternal outcomes by 7 days after 
delivery included maternal death, maternal com-
plications, interfacility transfer (referral), cesare-
an section, hysterectomy, blood transfusion, and 
return to the facility for a health problem. Second-
ary newborn outcomes included stillbirth, early 
neonatal death, and interfacility transfer. We as-
sessed all outcomes from facility register infor-
mation and by contacting women or close family 
members by telephone between 8 and 22 days 
after delivery. If we received no response by 22 
days after delivery, a field worker conducted a 
home visit and attempted to follow up until 42 
days after delivery.

In addition, we selected a convenience sample 
of 15 matched pairs of facilities in which trained 
nurse–data collectors directly observed birth at-
tendants providing care during a 12-hour (day-
time) shift at 2 months after the initiation of the 
intervention (during the highest intensity of coach-
ing) and 12 months after the initiation of the 
intervention (4 months after the cessation of 
coaching). These independent observers measured 
practice adherence, including supply availability 
(Table S3 in the Supplementary Appendix). Inter-
vention staff and independent observers were 
not present at the same facility simultaneously.

Owing to the nature of the intervention, we 
were unable to prevent any facility staff, most trial 
staff, or any investigators from being aware of the 
identity of intervention and control facilities. Call-
center staff, who collected the majority of out-
come data, were unaware of facility assignments.

Ethics Compliance

The leadership at each facility provided facility-
level consent for participation and permission for 
trial staff to collect deidentified data on every 
eligible woman from facility registers. Before 
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patient discharge, we obtained verbal informed 
consent and contact information from each 
woman or her surrogate for follow-up. Data col-
lectors reconfirmed verbal consent at the start 
of the follow-up call or visit. In directly observed 
births, women or their surrogates provided writ-
ten consent for observation.

At trial initiation, birth attendants and facil-
ity staff verbally agreed to participate. Before an 
independent observer collected data, the birth 
attendant verbally reconfirmed agreement. Elec-
tronic data were deidentified and stored in a 
Health Insurance Portability and Accountability 
Act–compliant database to ensure participant 
privacy.

The trial protocol was approved by ethics re-
view boards at Community Empowerment Lab, 
Jawaharlal Nehru Medical College, the Harvard 
T.H. Chan School of Public Health, Population 
Services International, the WHO, and the Indian 
Council of Medical Research. The protocol was 
reviewed and reapproved on an annual basis. 
A data and safety monitoring board met every 
6 months after the initiation of enrollment; one 
interim analysis was conducted when 30% of the 
data were collected (see the Supplementary Ap-
pendix).

Sample Size

We hypothesized a priori that the rate of the 
primary composite outcome would be 15% lower 
in the intervention group than in the control 
group. We estimated the intracluster (within-
facility) correlation to be 0.01 and the matching 
effect to reduce the standard error by 45%, basing 
these parameters on previous studies.31 We aimed 
to enroll 171,964 women (85,982 per group) to 
detect a 15% relative difference (60 events per 
1000 births in the control group vs. 51 events 
per 1000 births in the intervention group) with 
80% power and an alpha level of 0.05. On the 
basis of limited data available from Uttar 
Pradesh, the baseline rate of the primary com-
posite outcome may have been as high as 120 
events per 1000 births. The baseline rate that 
was used in calculations was purposively set 
lower than the estimated rate owing to limited 
information as well as the inclusion of home-
based birth events in the available data, which 
may have elevated mortality.

In assessing practice adherence, we assumed 
an intracluster (within-facility) correlation of 

0.01 and a design effect of matching of 0.75. 
With 15 matched pairs, we had more than 80% 
power at an alpha level of 0.05 to detect an ab-
solute difference of 8.5 percentage points in the 
rate of any birth practice between the trial 
groups.

Statistical Analysis

Using an intention-to-treat approach, we com-
pared outcomes between trial groups using a 
Rao–Scott chi-square test, accounting for the 
matched-pair, cluster design.32 The main outcome 
was the dichotomous composite outcome that 
was present if any of the three main outcomes 
occurred (maternal death, stillbirth or early neo-
natal death, or maternal severe complications). 
This variable was then used to estimate a com-
posite relative risk.33,34 An additional secondary 
composite outcome included maternal or peri-
natal death only. In secondary analyses, each of 
the main outcomes was compared across groups; 
a Rao–Scott test with 3 degrees of freedom was 
used to assess the overall causal effect. No ad-
justment for multiplicity of testing was made.

For the subgroup of directly observed births, 
we calculated adherence frequencies for each 
prespecified measured practice at 2 months and 
12 months after the initiation of the interven-
tion. Furthermore, we calculated an aggregate 
adherence score by summing the total number of 
18 checklist practices that should be performed 
regardless of the health status of the mother–
newborn dyad (see the Supplementary Appendix). 
We generated the mean number of practices 
(presented as a fraction of 18) performed in each 
trial group and compared the differences at each 
time point, using a Rao–Scott chi-square test.32 
For comparison of individual practices, we used a 
bias-corrected logistic-regression approach that 
can handle zero cells and complete separation of 
points within strata and clusters.35 We conduct-
ed all statistical analyses using SAS software, 
version 9.4 (SAS Institute).

R esult s

Facility and Patient Characteristics

All 120 matched and randomly assigned facili-
ties initiated the trial. During data collection, 
2 facilities closed for renovations, halting enroll-
ment prematurely for those facilities and their 
matched pairs. Of the 163,939 women who were 

The New England Journal of Medicine 
Downloaded from nejm.org on December 30, 2020. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 377;24 nejm.org December 14, 2017 2317

WHO Safe Childbirth Checklist Progr am in India

registered for labor and delivery (83,166 in the 
intervention group and 80,773 in the control 
group), 98.3% (161,107) were eligible for trial 
inclusion. Of the eligible women, 97.9% (157,689) 
provided consent (Fig. 1). We collected 7-day out-

comes for all but 544 (0.3%) of the consenting 
women. There were no significant differences 
between intervention and control groups in facil-
ity, maternal, or newborn characteristics (Table 1).

The BetterBirth program was successfully im-

Figure 1. Randomization and Follow-up.

After the matching and randomization of facilities, baseline data on adherence to birth practices were collected in  
10 sites to confirm successful matching. Women who were involved in the baseline data collection (794 at inter‑
vention facilities and 903 at control facilities) were not included in the trial sample size.

120 Were matched 1:1 and underwent
randomization

320 Facilities were assessed for eligibility

200 Were excluded
37 Did not meet inclusion criteria

163 Did not have match identified

60 Were intervention facilities 60 Were control facilities

1241 Were excluded
6 Were referred from 

another facility
436 Delivered outside the

facility
5 Were admitted for

abortion
794 Were involved in base- 

line data collection

1591 Were excluded
44 Were referred from 

another facility
639 Delivered outside the

facility
5 Were admitted for

abortion
903 Were involved in base- 

line data collection

1556 Were excluded
1034 Did not give consent
522 Declined follow-up

1862 Were excluded
1103 Did not give consent
759 Declined follow-up

83,166 Women were registered
for delivery

80,773 Women were registered
for delivery

81,925 Women were eligible for inclusion 79,182 Women were eligible for inclusion

80,063 Consented to follow-up 77,626 Consented to follow-up

279 Were excluded
231 Moved or could not

be contacted
48 Declined follow-up

265 Were excluded
219 Moved or could not

be contacted
46 Declined follow-up

79,798 Had 7-day outcome determined 77,347 Had 7-day outcome determined
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plemented in all 60 intervention facilities, with 
high fidelity to the expected number of coaching 
visits (average, 42.1 visits of 43 expected), inter-
actions with facility leadership (average, 14.8 
interactions of 11 expected), and facility data-
sharing meetings (average, 8.6 meetings of 11 
expected).

Adherence to Birth Practices

After 2 months of twice-weekly coaching, birth 
attendants in intervention facilities (1259 obser-
vations) performed, on average, 72.8% of the 18 
measured practices, whereas birth attendants in 
control facilities (1304 observations) performed 
41.7% of the practices (P<0.001) (Table 2). Birth 
attendants performed the majority of specific 
practices, such as blood-pressure and tempera-
ture assessment, proper hand hygiene, and early 
newborn care, at significantly higher rates in the 
intervention group than in the control group. 
Supply availability was similar in the two trial 
groups. In intervention sites, the checklist was 
used at admission in 56.8% of observed births 
and within the first hour after delivery in 74.3% 
of observed births.

Although adherence in intervention facilities 
remained significantly higher than in control 
facilities throughout the trial, adherence in the 
intervention group had decreased to 61.7% of 
practices per childbirth at 12 months, or 4 months 
after coaching ceased. For example, administra-
tion of oxytocin soon after delivery decreased by 
nearly one third (from 79.5% to 53.9%) between 
2 and 12 months. Similarly, checklist use had 
declined in intervention sites at 12 months to 
17.4% of cases at admission and 35.1% within 
1 hour after delivery. In control sites, birth atten-
dants’ average adherence to the 18 measured 
practices remained low at both 2 and 12 months 
(41.7% and 43.9%, respectively).

Mortality and Morbidity

We found no significant difference between in-
tervention and control facilities in our primary 
outcome (15.1% in the intervention group and 
15.3% in the control group; relative risk, 0.99; 
95% confidence interval, 0.83 to 1.18; P = 0.90) 
or in any secondary outcomes (Table 3). Event 
rates varied widely across facilities, by as much 
as a factor of 10 (Fig. S2 in the Supplementary 
Appendix). We found no significant differences 
between the trial groups in the rates of follow-

up care required for women or newborns, hyster-
ectomy, blood transfusion, or interfacility trans-
fer (referral) for women or newborns. In stratified 
analyses, we observed no significant differences 
between the groups according to the phase of 
the intervention (intensive coaching, tapered 
coaching, and 4 months after the intervention), 
time of delivery, or in-facility mortality (data not 
shown).

Discussion

Previous studies have suggested that implemen-
tation of the WHO Safe Childbirth Checklist and 
similarly constructed tools can improve quality 
of care, but these studies have lacked rigorous 
data evaluating both adherence to essential birth 
practices and morbidity and mortality.8,9,16-18 In 
this large matched-pair, cluster-randomized, con-
trolled trial in Uttar Pradesh, India, we found 
that the BetterBirth program — a coaching-
based implementation of the WHO Safe Child-
birth Checklist — had no significant effect on 
our primary composite outcome with respect to 
maternal and perinatal health (nor on any sec-
ondary health outcomes), despite significantly 
higher rates of birth attendants’ adherence to 
essential practices in intervention facilities than 
in control facilities.

The majority of maternal and neonatal deaths 
occur around the time of birth and within the 
first 7 days after delivery3,36; thus, interventions 
to improve early outcomes are desperately needed. 
The theory of change in the BetterBirth program 
— that improving the quality of childbirth-related 
care provided in facilities would translate into 
improved patient outcomes — reflects basic as-
sumptions underlying current childbirth work in 
global health. We found that the largely rural 
population living in this resource-limited setting 
had a perinatal mortality (47 per 1000) and a 
maternal morbidity (11.6%) that were much 
higher than anticipated, and there was wide 
variation of event rates across facilities.25 Quality 
of care in control sites, as measured through 
birth attendants’ adherence to practices, was far 
lower than previously recognized.16,25,37-41 Over-
all, birth attendants in nonintervention facilities 
performed approximately 40% of measured es-
sential practices in a typical birth, such as appro-
priate hand hygiene (used in <1% of deliveries) 
or administration of oxytocin within the first 
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Characteristic Intervention Control

Facility characteristics†

No. of facilities 60 60

Mean annual delivery load (95% CI) 1599 (1486–1712) 1683 (1552–1814)

Functional classification — no. (%)

Primary health center 23 (38) 23 (38)

Community health center 27 (45) 29 (48)

First referral unit 10 (17) 8 (13)

Mean distance to district hospital (95% CI) — km 29.5 (25.9–33.1) 30.3 (27.2–33.4)

Mean skilled birth attendants per facility (95% CI) 4.4 (4.1–4.7) 4.4 (4.1–4.7)

Maternal characteristics

No. of women 81,925 79,182

Cluster size‡

Mean (95% CI) 1365 (1256–1474) 1320 (1229–1411)

Range 515–2697 646–2198

Mean age (95% CI) — yr 25.6 (25.5–25.8) 25.7 (25.5–25.9)

Mean previous pregnancies (95% CI) 2.4 (2.3–2.4) 2.3 (2.3–2.4)

Minutes between admission and delivery

Mean (95% CI) 200 (184–216) 206 (191–220)

Median (IQR) 105 (33–260) 110 (35–265)

Providers attending delivery — no. (%)

Doctor 11,115 (13.6) 11,599 (14.6)

Nurse 66,687 (81.4) 64,117 (81.0)

Auxiliary nurse midwife 15,311 (18.7) 14,549 (18.4)

Others 2,633 (3.2) 6,560 (8.3)

No. of offspring — no. (%)

Singleton 80,402 (98.1) 77,582 (98.0)

Sets of twins 515 (0.6) 533 (0.7)

Sets of triplets 5 (<0.1) 5 (<0.1)

Unknown§ 1,003 (1.2) 1,062 (1.3)

Newborn characteristics

No. of newborns 81,447 78,663

Sex — no. (%)

Male 40,558 (49.8) 39,063 (49.7)

Female 36,976 (45.4) 36,266 (46.1)

Unknown§ 3,913 (4.8) 3,334 (4.2)

Low birth weight — no. (%)¶ 22,316 (27.4) 22,728 (28.9)

Preterm birth — no. (%)‖ 15,941 (19.6) 17,703 (22.5)

*  No significant differences were observed between trial groups (P<0.05). CI denotes confidence interval, and IQR inter‑
quartile range. Numbers may not sum to 100 because of rounding.

†  These characteristics were used for facility matching before randomization.
‡  Cluster size is the total number of pregnant women enrolled per site (cluster).
§  The mother was referred to another facility before the data were captured.
¶  Low birth weight was defined as 2500 g or less.
‖  Preterm birth was defined as fewer than 37 weeks of gestation.

Table 1. Facility and Participant Characteristics.*
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minute after delivery to reduce hemorrhage (used 
in <25%).

We found that a coaching-based implementa-
tion of the checklist could produce broad-based 
improvement in the quality of care of facility-
based childbirth, a necessary step in effecting 
improvement in health outcomes. In intervention 
facilities, birth attendants substantially increased 
their performance of measured practices. At 
2 months, rates of performing recommended 
practices were significantly higher in interven-
tion sites than in control sites, where some 
practices were rarely performed. During the 
coaching intervention, staff at intervention fa-
cilities also had correspondingly higher rates of 
checklist use. However, overall levels of adher-
ence and checklist use diminished after coach-
ing ceased, and the rates of some practices 
never differed significantly between the inter-
vention and control groups. It is possible that 
checklist use was not sustained owing to lack of 
checklist stock, staff belief that they knew the 
items on the checklist, lack of enthusiasm, or 
other reasons. We did not collect specific data 
on reasons for unsustained checklist use. The lack 
of effect on health outcomes despite improve-
ments in performance of recommended practic-
es challenges assumptions that better practice 
adherence would directly result in decreased 
mortality.

One potential interpretation of our findings 
is that increasing adherence to these practices is 
not a worthwhile goal, because these practices 
did not lead to improved outcomes. We strongly 
believe this conclusion to be false. Each of the 
practices incorporated in the checklist (and there-
fore in the BetterBirth program) has its own 
evidence base, including effectiveness with regard 
to improving maternal outcomes, improving neo-
natal outcomes, or both.13,15 Evidence of the 
benefits of proper hand hygiene for laboring 
women and their children, for example, dates 
back to the 1800s.42

Several other factors may have affected the 
results of the trial. Levels of adherence to es-
sential birth practices in the intervention sites 
may have been insufficient to affect outcomes: 
birth attendants performed appropriate hand 
hygiene in only 35% of cases, and although 79% 
of mother–infant pairs initiated skin-to-skin 
warming, only 19% of mother–infant pairs 
maintained that contact for 1 hour. The rate of V
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use of magnesium sulfate was no higher in the 
intervention facilities than in the control facili-
ties. Persistent gaps in technical skills, manage-
ment of complications, the quality and quantity 
of supplies and medicines, access to supportive 
management, and systems-level accountability 
— mostly unmeasured — could also have had 
a substantial effect on the ability to improve 
health outcomes. Factors that were not targeted 
by the BetterBirth program may have also limited 
its effects, including women’s underlying health 
and nutrition status, the quality of prenatal and 

postnatal care, and the quality of referral care 
for those with more complex needs.

Despite the careful design of the trial, limita-
tions remain. Data on observed adherence to 
practices were available for only a select sub-
sample — 4888 of the 157,689 deliveries at 30 of 
the 120 facilities. For practical reasons, these 
observations were performed at nonrandomly 
selected sites and during daytime hours, which 
potentially limits generalizability to the unob-
served births. The measured levels of adherence 
may have been misleading, if staff practiced 

Outcome Intervention Control Relative Risk (95% CI)† P Value

Primary composite measure: perinatal death, mater‑
nal death, or maternal severe complications 
within 7 days — %‡

15.1 15.3 0.99 (0.83–1.18) 0.90

Secondary composite measure: perinatal death or 
maternal death within 7 days — %

4.9 4.7 1.03 (0.89–1.20) 0.67

Perinatal death within 7 days — no./total no. (%) 3839/79,790 (4.8) 3606/77,338 (4.7) 1.03 (0.89–1.20) 0.68

Stillbirth 1513/80,061 (1.9) 1559/77,454 (2.0) 0.94 (0.76–1.16) 0.56

Early neonatal death 2409/78,360 (3.1) 2119/75,851 (2.8) 1.10 (0.95–1.27) 0.19

Maternal death within 7 days — no./total no. (%) 78/79,797 (0.1) 71/77,346 (0.1) 1.11 (0.74–1.53) 0.73

Any maternal severe complication within 7 days  
— no./total no. (%)

9086/79,342 (11.5) 9037/76,907 (11.8) 0.97 (0.79–1.20) 0.81

Seizures 67/79,706 (0.1) 70/77,257 (0.1) 0.89 (0.57–1.52) 0.76

Loss of consciousness for >1 hr 505/79,649 (0.6) 493/77,196 (0.6) 0.98 (0.70–1.41) 0.97

High fever with foul‑smelling vaginal discharge 4073/79,459 (5.1) 3871/77,018 (5.0) 1.02 (0.76–1.38) 0.90

Hemorrhage 5745/79,648 (7.2) 5875/77,198 (7.6) 0.95 (0.77–1.17) 0.61

Stroke 9/79,703 (<0.1) 12/77,257 (<0.1) 0.50 (0.34–1.58) 0.41

Clinical management, reported by facilities  
— no./total no. (%)

Cesarean section 1469/80,922 (1.8) 1330/78,120 (1.7) 1.07 (0.72–1.58) 0.74

Maternal referral, before or after delivery 5381/81,925 (6.6) 4779/79,182 (6.0) 1.09 (0.81–1.47) 0.57

Newborn referral 1455/81,925 (1.8) 1186/79,182 (1.5) 1.19 (0.78–1.80) 0.41

Clinical management, reported by patients  
— no./total no. (%)

Hysterectomy within 7 days 19/79,705 (<0.1) 18/77,252 (<0.1) 1.00 (0.45–2.13) 0.95

Blood transfusion within 7 days 640/79,697 (0.8) 625/77,254 (0.8) 0.99 (0.69–1.43) 0.97

Woman returning to facility for a health problem 
within 7 days

2014/79,655 (2.5) 2141/77,220 (2.8) 0.91 (0.76–1.10) 0.32

≥1 Newborn returning to facility for a health prob‑
lem within 7 days

4474/77,419 (5.8) 4722/75,117 (6.3) 0.92 (0.78–1.08) 0.30

*  The term “within 7 days” refers to the first 7 days after delivery. Maternal severe complications included any of the following: seizures, loss 
of consciousness for more than 1 hour, high fever with foul‑smelling vaginal discharge, hemorrhage, or stroke.

†  Relative risks are for the intervention group as compared with the control group and are adjusted for clustering and matching. The denomi‑
nators shift owing to missing data on outcomes.

‡  In secondary analyses, a Rao–Scott test with 3 degrees of freedom resulted in a P value of 0.88.

Table 3. Primary and Secondary Outcomes of Women and Their Newborns Enrolled in the Trial.*

The New England Journal of Medicine 
Downloaded from nejm.org on December 30, 2020. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 377;24 nejm.org December 14, 2017 2323

WHO Safe Childbirth Checklist Progr am in India

much differently when unobserved.43 In addition, 
although measures of maternal complications 
reported by the patient had previously been vali-
dated by other studies,27-30 misreporting is pos-
sible, because we did not verify reported com-
plications with medical records or physical 
examination. Some trial staff were aware of the 
facility assignments; however, the staff members 
collecting the majority of outcome data were 
unaware of the facility assignments. Further-
more, 7-day outcome information was collected 
between 8 and 42 days after delivery. Thus, recall 
bias may have affected the reporting of maternal 
morbidity but is not likely to have affected the 
reporting of mortality. Whereas the target sam-
ple size was 171,964, the final sample size was 
157,689 (91.7% of the target). However, our 
event rate was significantly higher than expect-
ed. In a post hoc power analysis, we had 80% 
power to detect a 9.08% relative difference in the 
rate of the primary composite outcome between 
the two groups. Finally, the implementation of 
the trial in only one region of India limits the 
generalizability of the findings. Whether the 
BetterBirth program could achieve improvement 
in health outcomes in a setting with, for exam-

ple, higher baseline adherence to practices, a 
different health care system or facility-level or-
ganization, or a different patient population is 
not known.

We found that a coaching-based implementa-
tion of the WHO Safe Childbirth Checklist had 
no significant effect on adverse maternal and 
perinatal health outcomes, despite positive ef-
fects on essential birth practices. High-quality 
research on large-scale programs to improve 
childbirth must continue to measure both pro-
cesses and outcomes of care because we cur-
rently lack a complete understanding of the com-
plex interaction among quality of care, context, 
and outcomes.
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Background 

The use of the hemoglobin cut-off points permits the 
identification of populations at greatest risk of 
anemia. The reference cut off’s of Hb also facilitates 
the monitoring and assessment of progress towards 
preventing and controlling iron deficiency. These cut 
off’s also provides the scientific basis for advocacy 
for the prevention of anemia. There has been 
continued discussion about the appropriateness of 
the Cut Off’s used to define anaemia and their 
applicability to different populations, which has 
implications for epidemiological surveillance, 
monitoring, and targeting (1,2). 
Haemoglobin concentration is affected by 
physiological characteristics such as age, sex, and 
pregnancy status, as well as environmental factors 
such as smoking and altitude. Several studies have 
shown that the population distribution of 
haemoglobin is lower in black people than in white 
people (1,3,4). Only a few studies from low-income 
and middle-income countries have, however, 
examined the applicability of the WHO cut off’s to 
other populations (4,5). 
The haemoglobin cut-offs presented in Table-1 are 
used to diagnose anaemia in individuals in a 
screening or clinical setting. 
Evolution of Haemoglobin Cut Off’s 
The scientific basis for current WHO cut offs of 
haemoglobin to define anemia which are found in 

literature are based on scientific data from the 
1950’s and 1960’s (6,7,8,9,). These were 
consolidated in to a WHO publication of 1968 (10). 
The thresholds for mild, moderate, and severe 
anemia were published subsequently in WHO 
publication in 1989 (11). The overall anemia cut-offs 
have remained unchanged since 1968, with the 
exception that the original age group of children 5-
14 years of age was split, and a cut-off of 5 g/l lower 
was applied to children 5-11 years of age (12). 
The current WHO Cut-offs have been validated by 
findings among participants in the Second National 
Health and Nutrition Examination Survey (NHANES 
II) who were unlikely to have iron deficiency based 
on a number of additional biochemical tests. WHO in 
collaboration with UNICEF and United Nations 
University (UNU) reviewed NHANES II data to make 
adjustments in Hb cut off’s for altitude and smoking 
(12,13). 
The references that are given to 1968 WHO 
document were choice of numbers, in general. The 
surveys of the relatively small number of subjects, 
without documentation of methodology, and 
without efforts being made to remove patients with 
anemia in calculating the values. To further put these 
studies into the context of the times, the dilution of 
blood, sometimes obtained by finger puncture, was 
carried out with pipettes that were often inaccurate. 
Cyanmethemoglobin standards were not widely 
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available, and calibration required oxygenation of a 
blood sample to serve as a standard with 
measurement of the amount of oxygen released by 
acid in a van Slyke apparatus. Needless to say, this 
procedure was not always carried out, and, as a 
consequence, results were often unreliable. In view 
of these difficulties, the WHO standard which are 
currently used need more strong data base (14). 
Haemoglobin Cut Off’s for Pregnant Mothers  
The haemoglobin cut-off of 110 g/l for pregnant 
women was first developed in 1968 (6). In healthy, 
iron-sufficient women, haemoglobin concentrations 
change during pregnancy to accommodate the 
increasing maternal blood volume and the iron 
needs of the fetus. Hb concentrations decline during 
the first trimester, reaching their lowest point in the 
second trimester, and begin to rise again in the third 
trimester. Currently, there are no WHO 
recommendations on the use of different 
haemoglobin cut-off points for anaemia by trimester 
during pregnancy. It is recognized that during the 
second trimester of pregnancy, haemoglobin 
concentrations diminish approximately 5g/l. 
For women, a hemoglobin concentration >170 g/L 
can perhaps be regarded as a moderately elevated 
value. During pregnancy, the upper level for defining 
high hemoglobin would be lower than that in non-
pregnant women because of the physiologic changes 
in the hemoglobin concentration during pregnancy. 
The elevated hemoglobin concentration and the 
probability of association with adverse events 
depend on the specific individual or population 
under study. 
Elevated Hemoglobin Concentration  
Residence at high altitude above sea level and 
smoking are known to increase haemoglobin 
concentrations. Consequently, the prevalence of 
anaemia may be under estimated in persons residing 
at high altitudes and among smokers if the standard 
anaemia cut-offs are applied. (12) The Table-2 
presents the recommended adjustments to be made 
to the measured haemoglobin concentration among 
persons living at altitudes higher than 1000 metres 
above sea level, Table-3 presents these adjustments 
for smokers. These adjustments must be made to the 
measured haemoglobin concentration for the 
anaemia cut-offs presented in Table 1 to be valid.  
Elevation adjustments and smoking adjustments 
both are additive i.e. smokers living at higher 
altitudes would have two adjustments made.  

An elevated hemoglobin concentration is usually the 
result of two mechanisms: increased red blood cell 
production as a compensatory mechanism when 
blood oxygen carrying capacity is compromised to 
meet the demand of tissue (with a net increase in red 
cell mass), or contracted plasma volume resulting in 
an appearance of greater red cell volume (without a 
net increase in red cell mass). One of the two most 
common non-pathologic reasons for elevated 
hemoglobin or red cell mass is residence at a higher 
altitude, where ambient oxygen concentration is 
lower. The other is cigarette smoking, which causes 
part of the hemoglobin to become non-functional as 
a result of binding with carbon monoxide. 
Respiratory and cyanotic cardiac conditions, which 
compromise proper oxygenation of blood, are the 
principal pathologic reasons for elevated 
hemoglobin concentration. The only condition of 
elevated hemoglobin that is due to the production of 
defective red blood cells, but not subject to the 
control of tissue oxygen drive, is polycythemia vera. 
This condition of increased red blood cell production 
share the one basic feature of increased red cell mass 
with normal or increased total blood volume. 
There is also evidence of a genetic influence. In the 
United States, for example, individuals of African 
extraction have haemoglobin values 5 to 10 g/l lower 
than do those of European origin. This contrast is not 
related to iron deficiency (15). 
Methods of Assessment of Haemoglobin  
The method of haemoglobin measurement and 
blood sample source (capillary versus venous blood) 
both can affect the measured haemoglobin 
concentration. The cyanmethemoglobin and the 
HemoCue® system are the methods generally 
recommended for use in surveys to determine the 
population prevalence of anaemia. The 
cyanmethemoglobin measurement is the reference 
laboratory method for the quantitative 
determination of haemoglobin and is used for 
comparison and standardization of other methods. 
Some studies suggest that haemoglobin values 
measured in capillary samples are higher than those 
measured in venous samples, potentially leading to 
false-negative results (15). 
Corrections of Hemoglobin in Relation to Body 
Muscle Mass in Asians 
Primarily, Hemoglobin in the blood is required to 
carry oxygen from the respiratory organs to the rest 
of the body tissues.  There Hb releases the oxygen to 
permit aerobic respiration of the tissues in the 
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process called metabolism. The main biological 
function of hemoglobin is oxygen transport. 
Although, oxygen carrying capacity is proportional to 
the circulating hemoglobin concentration, an 
individual with chronic anemia develops a 
compensatory mechanism to improve oxygen 
unloading to tissue from hemoglobin during the 
resting state. This compensatory mechanism can 
maintain adequate tissue oxygen delivery down to a 
hemoglobin concentration of 70–80 g/L. 
The associations between muscle mass and 
hemoglobin have been studied in different 
population groups. Among the elderly, this 
association has been studied in the light of 
decreasing muscle mass (“sarcopenia”), a normal 
stage of aging (19, 20). In endurance athletes, the 
effect of hemoglobin concentrations and muscle 
mass has been studied to look at the physiological 
parameters of oxygen delivery and ways to optimize 
it for better performance. There is no evidence to 
indicate that the hemoglobin cutoffs needs to be 
changed based on muscle mass, in light of these 
studies. At the same time, a reminder that 
hemoglobin cutoffs do have adjustments for other 
factors - race, age, gender, altitude - which may 
better reflect the differences in muscle mass, and we 
might consider that muscle mass adjustments are 
inherent in these factors. In an exercise state, 
however, any loss of hemoglobin or red blood cell 
mass can be detected as loss in work capacity, even 
within a hemoglobin range of 120-130 g/L (21). 
There is inadequate scientific evidence available on 
the Hb cut off according to quantity of body muscle 
mass in the body. Even amongst athletes, 
hemoglobin concentration, packed cell volume and 
erythrocyte volume are directly correlated with the 
muscle mass. The aerobic requirements for muscular 
energy expenditure presumably provide the relevant 
feedback to the bone marrow for this purpose.  
For a given body size, Indians have relatively lower 
muscle mass than Europeans, even at birth. Further, 
physical activity and energy expenditure of Indians 
has declined over time due to a sedentary lifestyle. 
This could partially explain the continuing high 
prevalence of mild anemia, even amongst high socio-
economic strata. It also raises the interesting 
possibility that promotion of physical fitness and 
exercise in older children and adolescents could 
elevate hemoglobin levels in different settings (22). 
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Tables 

TABLE 1  HAEMOGLOBIN LEVELS TO DIAGNOSE ANAEMIA AT SEA LEVEL (G/L) 
Population Non-Anaemia* Anaemia* 

Mild Moderate Severe 

Children 6-59 months of age 110 or higher 100-109 70-99 Lower than 70 

Children 5-11 years of age 115 or higher 110-114 80-109 Lower than 80 

Children 12-14 years of age 120 or higher 110-119 80-109 Lower than 80 

Non-pregnant women  
(15 years of age and above)  

120 or higher 110-119 80-109 Lower than 80 

Pregnant women  110 or higher 100-109 70-99 Lower than 70 

Men  
(15 years of age and above) 

130 or higher 110-129 80-109 Lower than 80 

* Haemoglobin in grams per litre 
 

TABLE 2  ALTITUDE ADJUSTMENTS TO MEASURED HAEMOGLOBIN CONCENTRATIONS (16) 
Altitude (metres above sea level)  Measured haemoglobin adjustment (g/l)  

<1000 0 

1000 -2 

1500 -5 

2000 -8 

2500 -13 

3000 -19 

3500 -27 

4000 -35 

4500 -45 

 

TABLE 3  ADJUSTMENTS TO MEASURED HAEMOGLOBIN CONCENTRATIONS FOR SMOKERS (17,18) 
Smoking status  Measured haemoglobin adjustment (g/l) 

Non-smoker  0 

Smoker (all)  -0.3 

½ - 1 packet/day  -0.3 

1-2 packets/day  -0.5 

≥2 packets/day -0.7 
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Background: CHADS2 and CHA2DS2-VASc scores have been used for assessing prognostic risk of thromboembo-
lism in non valvular atrial fibrillation patients. They include similar risk factors for the development of CAD To
increase the likelihood of determining CAD severity, the CHA2DS2-VASc-HS and CHA2DS2-VASc-HSF score com-
prising of hyperlipidemia, smoking and family history respectively in addition to the components of the
CHA2DS2-VASc score and male instead of female gender. The aim was to investigate whether these risk scores
can be used to predict CAD severity.
Methods and results:A total of 2976 consecutive patients who underwent coronary angiographywere enrolled in
the study. Presence of N50% stenosis in a coronary arterywas assessed as significant CAD. Of the patients,804 had
normal coronary angiograms and served as group 1. The remaining 2172 patients with coronary stenosis were
further classified into 2 groups according to CAD with stenosis of b50% or N 50%: 834 patients with mild CAD
as group 2 and 1338 patients with severe CAD as group 3. The scores were significantly different among the 3
groups. All the four scores correlated significantly with the number of diseased and the Gensini score.
Conclusion: CHADS2, CHA2DS2-VASc, and especially CHA2DS2-VASc-HS and CHA2DS2-VASc-HSF scores could be
considered predictive of the risk of severe CADwith CHA2DS2-VASc-HSF the best scoring scheme to predict CAD
severity. The risk scoring systems may play an important role as predictive models because they are simple and
can be easily applied by physicians without any additional costs in routine practice.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Coronary artery disease (CAD) is the leading cause of morbidity
and mortality in the present world. Risk factor assessment, preven-
tion and treatment of CAD are an important aspect of present day
research.CHADS2 score has been proven to be effective in the evalu-
ation of the risk of stroke in patients with non-valvular atrial fibrilla-
tion [1,2]. A high score indicates a greater risk of stroke. The score
helps to plan further managament of the non-valvular Atrial fibrilla-
tion patient with respect to use of antiplatelets or anticoagulants.

CHA2DS2-VASc score has recently replaced the traditional score as it
has better stratification in low risk patients. In all past literature CHADS2
and CHA2DS2-VASc scores have been proven effective for assessing
prognostic risk of thromboembolism in non-valvular atrial fibrillation
patients [1,2].

CHA2DS2-VASc score consists of congestive cardiac failure (C), Hy-
pertension (H), Age N 75 years(A), Diabetes Mellitus (D), Stroke (S),
with addition to Vascular diseases(V), Age 65–74 years (A) and Sex Cat-
egory (Sc), both these scoresCHADS2and CHA2DS2-VASc include similar
risk factors as coronary artery disease (CAD). These scoresmay be useful
even to assess the severity of CAD. These scores being similar to the risk
factors for CAD are easy to remember and apply by various physicians at
primary level.

We formulated a new score CHA2DS2-VASc-HSF which included
more variables like Hyperlipidemia(H), Smoking (S) and Family history
of CAD(F) in addition to the previous risk factors to assess the risk of
CAD. We evaluated these scores as multivariable risk assessment tools
to determine the severity of CAD in all patients undergoing coronary
angiography(CAG).

2. Methods

A single-center study with 2976 consecutive patients who came to outpatient depart-
ment with the symptoms suggestive of CAD and/or abnormal noninvasive stress tests
based on exercise electrocardiographic testing was enrolled. All these patients were subject-
ed to diagnostic CAG.
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All angiograms in terms of coronary stenosis were assessed by the Gensini score [3].
Thereafter, all the scores (CHADS2, CHA2DS2-VASc and CHA2DS2-VASc-HSF)were calculated.

For each patient, a detailed medical history, thorough clinical examination, standard
12-lead electrocardiogram, and conventional echocardiographic examination were per-
formed based on the recommendations of the American Society of Echocardiography
[4]. Blood samples for fasting blood glucose, total cholesterol, low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol, triglycerides, and renal function
tests were performed using standard laboratory methods. LDL-C concentrations were cal-
culated using the Friedewald formula [5].

Clinical and demographic characteristics including age, gender, diabetes mellitus
(DM), hypertension (HT), Hyperlipidemia (HL),current cigarette smoking, family history
of premature CAD, chronic heart failure, previous ischemic stroke orTIA, andperipheral ar-
tery disease (PAD)were obtained bymedical history, physical examination, electrocardio-
graphic findings, echocardiographic examination and laboratory data.

Type 2 DM was defined as a previous diagnosis and/or fasting blood glucose
N126 mg/dl or the use of antidiabetic medications. HT was defined as repeated measure-
ments of systolic blood pressure N 140mmHg, diastolic b90mmHg, or on treatmentwith
antihypertensive medications. HL was considered to be LDL-C above the target level ac-
cording to the National Cholesterol Education Program-3 recommendations or the use of
lipid-lowering medications. Cigarette smoking was defined as smoking N10 cigarettes a
day for at least 1 year without a quit attempt. Family history was defined as the presence
of heart disease or sudden cardiac death in amalefirst-degree relative aged b55years or in
a female first-degree relative aged b65 years. Chronic heart failure was defined as reduced
left ventricular ejection fraction (b40%). PAD was defined by the pathologic states that
lead to stenosis of at least 50% in non-coronary artery circulation. Vascular disease was
considered to be the presence of PAD. Stroke and TIAwere evaluated according to the his-
tory given by the patients.

CAG was performed using the Judkins technique. Significant CAD was diagnosed if
therewas N50% diameter stenosis in at least 1major epicardial coronary artery. The sever-
ity of CAD was determined by the number of significantly diseased coronary arteries.
Multivessel coronarydiseasewasdefined as thepresence ofN50% luminal diameter steno-
sis involving at least 2 major epicardial coronary arteries. Left main coronary artery
narrowing of N50% was considered as 2-vessel disease.

The Gensini score was calculated for each patient from the coronary angiogram by
assigning a severity score to each coronary stenosis as 1 for 1% to 25% narrowing, 2 for
26% to 50%, 4 for 51% to 75%, 8 for 76% to 90%, 16 for 91% to 99%, and 32 for a completely
occluded artery. The score is thenmultiplied by a factor according to the importance of the
coronary artery. The multiplication factor is 5 for a left main coronary artery, 2.5 for prox-
imal left anterior descending artery and proximal circumflex artery, 1.5 for a mid left an-
terior descending artery, and 1 for distal left anterior descending artery, mid or distal

circumflex artery, and right coronary artery. Themultiplication factor for any other branch
is 0.5 [3]. (Table 1).

The CHADS2nomenclature represents congestive heart failure (C), HT (H), age (A),
DM (D), and stroke (S). TheCHADS2 score was calculated by assigning 1 point each for
the presence of chronic heart failure, HT, age N 75 years, and DMand by assigning 2 points
for history of stroke or TIA. The CHA2DS2-VASc score, a modification of the CHADS2 score,
extends the latter by including additional common stroke risk factors including vascular
disease (V), age 65 to 74 years (A), and female gender (as a sex category [Sc]). In the
CHA2DS2-VASc score, age N 75 years (A2) is assigned 2 points. The CHA2DS2-VASc-
HSFscore adds the importance of Hyperlipidemia (H), Smoking (S), Family History(F)and
male gender instead of female gender to the previous scores. The maximum CHADS2,
CHA2DS2-VAScand CHA2DS2-VASc-HSF scores were 6, 9 and 12 respectively. (Table 2).

Patients who had acute coronary syndrome, acute heart failure, acute ischemic stroke
or transient ischemic attack (TIA), previous coronary artery bypass surgery, and previous
percutaneous coronary intervention were excluded from the study.

3. Results

The study population consisted of 2976 patients with 2204males and
772 females. The majority of patients were found in the age group 51–
60 years (Table 3), with themost common risk factor being Hypertension
followed by diabetes (Table 4). Among the patients 804 had normal cor-
onary arteries and were selected as the control group (group 1). The re-
maining 2172 patients with coronary stenosis were further classified
into 2 groups: 834 patients with CAD with stenosis of b50% as mild CAD
group (group 2) and 1338 patients with CADwith stenosis of N50% as se-
vere CAD group (group 3). The baseline demographic characteristic was
similar between the 3 groups. From group 1 to group 3, the Gensini,
CHADS2, CHA2DS2-VASc and CHA2DS2-VASc-HSFscoreswere significantly
increased. When comparisons were made between group 1 and group 3,
demographic parameters like age, DM,HT andHLwere found to be signif-
icantly higher in group 3 compared to group 1 (Table 5).

CHADS2, CHA2DS2-VASc and CHA2DS2-VASc-HSFscores were calcu-
lated for all patients (Table 6).

As the diseased vessels increased, higher values were observed
for each scoring system (Table 7). The CHADS2, CHA2DS2-VASc and
CHA2DS2-VASc-HSFscores correlated significantly with the number of
significant diseased vessels and with the Gensini score(Table 8). The
correlation between the CHA2DS2-VASc-HSFwith Gensini scores was
greater than that between the CHADS2 and CHA2DS2-VASc scores.

When we analyzed the entire study population based on CHADS2,
CHA2DS2-VASc and CHA2DS2-VASc-HSF scores, patients with CHADS2
and CHA2DS2-VASc scores of N2 and CHA2DS2-VASc-HSFscore of N3
had significantly higher Gensini scores (Table 9).

According to these results, the CHA2DS2-VASc-HSFscore was found
to be the best scoring scheme to predict CAD severity.

Table 1
Coronary artery involvement.

Gensini score - coronary stenosis Severity score

1%–25% 1 point
26%–50% 2 points
51% to 75% 4 points
76% to 90% 8 points
91%–99% 16 points
Total occlusion 32 points

Coronary artery Multiplication factor

Left main coronary artery 5
Proximal left anterior descending artery
Proximal circumflex artery

2.5

Mid left anterior descending artery 1.5
Distal left anterior descending artery,
Mid or distal circumflex artery,
Right coronary artery

1

Any other branch 0.5

Table 2
Scoring system.

C Congestive heart failure 1 point
H Hypertension 1 point
A2 Age N 75 years 2 points
D Diabetes mellitus 1 point
S2 Previous stroke or tia 2 points
V Vascular disease 1 point
A Age: 65–74 years 1 point
Sc Sex category (male) 1 point
H Hyperlipidemia 1 point
S Smoker 1 point
F Family history 1 point

Table 4
Risk factors.

Risk factors Number

DM 960
HTN 1380
Hyperlipidemia 780
Family history 868
Smoker 680
Stroke/tia 62
PAD 40

Table 3
Age (in years).

Age Number

b40 216
41–50 620
51–60 844
61–70 768
N71 528
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4. Discussion

Atherosclerotic cardiovascular artery disease (CVD), remains the
leading cause of premature death worldwide [6]. The development
and progression of atherosclerotic CVD is insidious and the patient
may remain asymptomatic for years. Age, gender, HT, smoking, HL,
and DM are the well-accepted major risk factors for CVD development
[6]. Most patientswith CADhave N1 coronary risk factor and a combina-
tion of these risk factors increases the risk of CAD [7,8].

Early detection of the risk population and commencing prevention
strategies is an important aspect in the treatment of CVD. Clinicians
need reliable, simple, objective, and quantitative tools to identify these
risk stratifications.

Several multivariable risk prediction algorithms incorporating
major risk factors have been developed to assess the risk of athero-
sclerotic CVD, such as the Framingham risk score (FRS), systematic

coronary risk evaluation (SCORE), Reynolds, QRESEARCH cardiovas-
cular risk (QRISK), and the assessing cardiovascular risk to Scottish
Intercollegiate Guidelines Network to assign preventative treatment
(ASSIGN) score [9–16].

The most commonly used are the European SCORE and Framing-
ham score systems. The Framingham risk score (FRS), agender-
specific algorithm used to estimate the 10-year risk of developing
CAD, was first developed based on data obtained from the Framing-
ham Heart Study [17]. Age, LDL-C, high density lipoprotein choles-
terol, cigarette smoking, DM, and blood pressure are included as
risk factors in this risk prediction chart with differences based on
gender. However, FRS has some limitations; it does not include the
risk estimate of subjects aged N74 years, although the risk of CVD is
substantially high in this population. Furthermore, it has been re-
ported that the FRS overestimates the risk of cardiovascular morbid-
ity and mortality in a low-risk population and underestimates the
risk in a high-risk population [18,19].

Recently, in a study that compared established risk prediction
models for CVD, Siontis et al. [20]reported that the FRS usually ex-
hibited inferior prognostic performance compared with other
models, including SCORE, Prospective Cardiovascular Münster
(PROCAM), ASSIGN, and QRISK. The SCORE risk estimation consists
of higher and lower cardiovascular risk charts based on the follow-
ing risk factors: gender, age, smoking, systolic blood pressure, and
total cholesterol and estimates the 10-year risk of fatal CVD in
Europe [10].

The primary limitations of SCORE risk assessment were the absence
of nonfatal events and the absence of patients aged N65 years. The
HeartScore was subsequently developed for CVD risk estimation from
the SCORE project by the European Society of Cardiology, but it only

Table 5
Baseline demographic parameters.

Parameters Group I
(N = 804)

Group II
(N = 834)

Group III
(N = 1338)

P value
(I vs II)

P value
(I vs III)

P value
(II vs III)

Age 57 ± 9 65 ± 10 68 ± 10 0.017 b0.001 0.013
DM 208 448 1248 0.160 b0.001 0.002
HTN 452 724 1492 0.377 b0.001 0.005
HL 208 364 976 0.376 b0.001 0.001
Family history 172 596 960 0.007 0.012 0.972
Smoker 224 312 796 0.970 0.014 0.013
Stroke/tia 2 16 108 – 0.112 0.026
PAD 0 20 60 0.078 0.004 0.154
CCF 4 32 84 0.084 0.006 0.208
LVEF 60 ± 5 58 ± 7 53 ± 8 0.164 b0.001 b0.001

Table 6
Score.

Score Number

CHADS2
b2 2260
≥2 716

CHA2DS2-VASc
b2 1380
≥2 1668

CHA2DS2-VASc-HSF
b3 1420
≥3 1556

Table 7
Comparison of CHADS 2 Score, CHA2DS2-VASc and CHA2DS2-VASc-HSF score and number of diseased vessels.

Score No vessel 1 vessel 2 vessels 3 vessels P value

CHADS 2 Score 0.84 ± 0.72 0.98 ± 0.82 1.37 ± 0.81 1.79 ± 0.88 b0.001
CHA2DS2-VASc Score 1.45 ± 1.15 1.57 ± 1.21 2.10 ± 1.32 2.51 ± 1.29 b0.001
CHA2DS2-VASc-HSF Score 2.75 ± 1.05 2.91 ± 1.41 3.89 ± 1.67 4.55 ± 1.92 b0.001

Table 8
Each score correlation with Gensini score in each group.

Parameters Group I
(N = 804)

Group II
(N = 834)

Group III
(N = 1338)

P value
(I vs II)

P value
(I vs III)

P value
(II vs III)

CHADS 2 score 0.70 ± 0.63 0.94 ± 0.76 1.45 ± 0.82 0.026 b0.001 b0.001
CHA2DS2-VASc score 1.19 ± 0.97 1.63 ± 1.22 2.14 ± 1.33 0.010 b0.001 0.005
CHA2DS2- VASc-HSF score 2.41 ± 0.87 2.97 ± 0.31 3.72 ± 1.1 0.001 b0.001 b0.001
Gensini score 0 ± 0 5.6 ± 2.6 40.4 ± 25.7 b0.001 b0.001 b0.001
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predicts fatal CVD, including heart attack and stroke, which can be an
underestimate of the total CVD burden [21]. Generally, existing scoring
systems have some common disadvantages:

(1) The scoring models have not yet been adequately tested in clini-
cal practice,

(2) They focus on short-term risk for CVD (absolute risk for CVD in
the next 10 years),

(3) While evaluating a patient, they require a digital or non-digital
chart of scoring schemes to determine the risk in clinical practice,
and.

(4) Most importantly, their resultsmay change according to race and
may vary with each visit.

In addition, these scoring systems are not practical for use by physi-
cians in daily practice because of multiplicity and complexity.

The CHADS2, CHA2DS2-VASc, and, particularly, the CHA2DS2-VASc-
HSF risk scoring systems may play an important role as predictive
models because they can be easily applied by physicians and do not re-
quire additional costs in routine practice.

The findings of the study were:

(1) The CHADS2, CHA2DS2-VASc, and CHA2DS2-VASc-HSFrisk scores
were increased in patients with mild and severe CAD,

(2) The CHADS2, CHA2DS2-VASc, CHA2DS2-VASc-HSFscores were
correlated significantly with the number of diseased vessels
and Gensini score, and.

(3) The CHA2DS2-VASc-HSFscore was found to be the best score
scheme to predict CAD severity and a score N 3 may predict
CAD severity.

5. Limitations of the study

It was a single-center cross-sectional design. The studywas based on
patients whowere admitted for diagnostic CAG. As about 70% of the pa-
tients in the study were men, the associations between the Gensini
score and the CHADS2 and CHA2DS2-VASc scores might have been
lower than normal. The Gensini score was calculated visually from
CAG, which may be observer bias and may not indicate the clinical im-
portance of CAD severity.
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Biomarker in Oral Leukoplakia, Oral Lichen Planus, and 
Oral Cancer: A Comparative Study
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ABSTRACT
Introduction: Oral squamous cell carcinoma (OSCC) is the 
most common malignant tumor of the oral cavity. It is preceded 
by various potentially malignant conditions like oral leukoplakia 
and oral lichen planus. Survivin is an inhibitor of apoptosis 
whose levels have been found increased in oral cancer as well 
as various potentially malignant conditions. Thus survivin can 
act as a biomarker and help in early detection of potentially 
malignant conditions which can prevent its transformation into 
malignancy.

Aim: To assess and compare the level of total human salivary 
survivin in oral leukoplakia, oral lichen planus, oral cancer, 
and control group.

Materials and methods: A total of 96 subjects were included 
in the study, which were further grouped into 24 in each group. 
The saliva was analyzed for survivin level among all the four 
groups. Survivin concentration (pg/mL) was studied in relation 
to clinical data.

The results were analyzed using Mann–Whitney U test to 
derive the statistical difference.

Results: The average of levels of survivin in control group was 
0.199 pg/mL, in oral leukoplakia group 0.312 pg/mL, in oral 
lichen planus group 0.380 pg/mL, and in oral cancer group 
0.430 pg/mL. A comparison of all these groups revealed sta-
tistically significant difference among the groups.

Conclusion: Survivin may not be considered as an indepen-
dent predictor of the malignant transformation for premalignant 
lesions but it can be an indicator for an increased risk of malig-
nant transformation.

Keywords: Oral cancer, Oral leukoplakia, Oral lichen planus, 
Potentially malignant conditions, Survivin.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the most common 
malignant tumor of the oral cavity representing more than 
90% of all cancers of this district and being the 8th most 
common cancer worldwide.1,2 In spite of so many advances 
in the field oncology, the mortality rates in the last 20 years 
remains almost unchanged.2,3 As we all know, cancer 
develops much more slowly than has been thought, with 
the timelines from when it forms to the final stage which 
may be spanning up to months or years. It is preceded by 
potentially malignant lesion like oral leukoplakia and, 
though potential for malignant transformation of oral 
lichen planus, is debatable; however, few cases have been 
reported of its transformation to oral carcinoma. So if they 
are left untreated, they have an increased probability of 
transformation to OSCC. Thus, it is important to monitor 
and check them in their early stages. The early diagnosis of 
these lesions can prevent them from malignant transforma-
tion, and the delay represents one of the principal reasons 
for its transformation and poor prognosis.2

Its development is a multi-step process involving 
activation of oncogenes and inactivation of tumor sup-
pressor.4,5 Recently, there has been discovery of sensitive 
and specific tumor markers for early detection of cancer 
which may improve the survival rates of patients with 
OSCC.2 Survivin is a member of inhibitor of apoptosis, and 
it exhibits an undetectable expression levels in most of the 
nonproliferating adult tissues, but is majorly expressed in a 
wide range of cancers suggesting that it is associated with 
both control of cell survival and regulation of mitosis in 
tumor cells and its degree of expression is directly related 
to poor prognosis.2,4,6 Thus, it may represent a reliable 
universal marker for OSCC because of which survivin 
detection could be employed for diagnostic purposes.2

However, one of the major limitations of salivary sur-
vivin biomarker to be used solely as a biomarker is that 
there is no biologically justified cutoff value for levels of 
survivin in patients with cancer, including oral cancer, 
as it is also present though in minimal levels in normal 
patients. Further studies in larger cohorts of patients is 
necessary to establish a standard biological and clinically 
relevant cutoff values.2 In humans, the mechanism of 
carcinogenesis delineate by loss of mechanisms which 
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regulate cell-cycle progression, cell viability/death balance, 
and apoptosis.5 Apoptosis preserves normal homeostasis 
and organ morphogenesis.5,7 An aberration of this process 
may contribute to carcinogenesis by prolonging the cell 
viability.5,8 The serial changes in the process of apoptosis 
are an essential feature of cancer cells.4,6

So, survivin here comes into role play.
This is the first of its own kind of study as no studies 

have been done to assess the levels total human salivary 
survivin biomarker in oral leukoplakia with a sample 
size, as taken under the present study and oral lichen 
planus. Also, it has never been compared to the levels 
in oral cancer.

So, the aim of this study was to assess the levels of 
total human salivary survivin biomarker in the poten-
tially malignant disorders like oral leukoplakia, oral 
lichen planus, and oral cancer. The objectives of the study 
were to assess these levels and to compare them in all 
the above groups.

Since the study gave an estimation of levels of sur-
vivin in potentially malignant conditions, so it can be 
correlated to the levels in oral cancer and can form a 
reliable marker for its malignant transformation to OSCC.

Hypothesis can be given as:
•	 Null hypothesis: There is no significant difference in the 

levels of survivin in the potentially malignant lesions 
and oral cancer.

•	 Research hypothesis: There is significant difference in 
the levels of survivin in the potentially malignant 
lesions and oral cancer.

MATeRIALS AND MeTHODS

Ethics statement: The protocol used for the study was 
reviewed and approved by the institutional research and 
ethical committee.

Subjects of either sex with clinically confirmed cases 
of oral leukoplakia, oral lichen planus, and oral cancer 
with age group above 18 years and willing to participate 
in the study and sign an informed consent reporting to 
the Department of Oral Medicine and Radiology, KLE VK 
Institute of Dental Sciences, Belgaum, were included in 
the study after obtaining the consent. Clinical confirma-
tion of cases of oral leukoplakia were done according to 
classification by Van der Waal, cases of oral lichen planus 
were done according to classification by JO Andreasen, 
and cases of oral cancer were done according to modified 
TNM staging classification for cancer of oral cavity by 
Howaldt et al.9-11 In the current study, all the types and 
stages of cases of oral leukoplakia, oral lichen planus, and 
oral cancer were included.

Patients with potentially malignant disorders other 
than leukoplakia, lichen planus, salivary gland disorders, 

long-term drug history and medically compromised 
patients, and also patients presenting with any other 
carcinoma other than oral cavity were excluded.

The included patients were a consecutive series of 
patients presenting at the study center which fulfilled 
the inclusion criteria. It was a prospective study.

MeTHODOLOGY

The study included 96 subjects divided into four groups: 
(1) Control group (Group I), (2) oral leukoplakia group 
(Group II), (3) oral lichen planus group (Group III), and 
(4) oral cancer group (Group IV). Patients were given the 
following instructions (David T Wong): (1) Not to brush 
their teeth within 45 minutes prior to sample collection; 
(2) dental work should not be performed within 24 hours 
prior to sample collection; (3) saliva samples visibly 
contaminated with blood should be discarded and rec-
ollected; (4) document consumption of alcohol, caffeine, 
nicotine, and prescription/over-the-counter medications 
within the prior 12 hours; (5) document vigorous physi-
cal activity and the presence of oral diseases or injury; 
and (6) do not eat a major meal within 60 minutes of 
sample collection; (7) rinse mouth with water to remove 
food residue and wait at least 10 minutes after rinsing to 
avoid sample dilution before collecting saliva. Saliva was 
collected by asking the patient to sit erect on the dental 
chair and allow saliva to collect in the floor of mouth for 
3 to 5 minutes. Then they were asked to spit in the vials. 
Later, the collected saliva was sent to basic research labo-
ratory for its analysis by Human Total Survivin DuoSet 
IC Enzyme Assay Kit.

Statistical Analysis

The results were analyzed as follows: Pairwise com-
parison was done by Mann–Whitney U test, as shown 
in Graph 1.

Graph 1: Graphical representation of the mean levels of 
survivin in all four groups
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ReSULTS

A total of 96 patients participated in the study which 
extended from December 2014 to February 2015. These 
were divided into four groups—Groups I, II, III, and IV. 
All the patients gave their consent for the study. The 
average of levels of survivin was 0.199 pg/mL in control 
group, 0.312 pg/mL in leukoplakia group, 0.380 pg/mL in 
oral lichen planus group, and 0.430 pg/mL in oral cancer 
group (Table 1). Then the comparison of all these groups 
was done to find the statistical difference between them. 
It was found that there was statistically significant dif-
ference present in between
•	 Groups	I	and	II
•	 Groups	I	and	III
•	 Groups	I	and	IV
•	 Groups	II	and	IV,	and
•	 Groups	III	and	IV	(Table	2).

DISCUSSION

Oral squamous cell carcinoma is the leading malignant 
tumor in the oral cavity, with a 5-year survival rate of 
less than 50%.1,2,4 Despite many advances in oncology, 
the trend has remained unchanged over the last few 
decades mainly because of diagnostic delay, which leads 
to making the diagnosis at an advanced stage thus drasti-
cally reducing effectiveness of therapies and life expec-
tancy.2 So, the identification of molecular markers for 
early cancer detection is very mandatory. Salivary lactate 
dehydrogenase (LDH), a metabolic enzyme catalyzing the 
anerobic glycolysis, has been a nonspecific indicator of 
various systemic diseases. It is an intracellular enzyme 
detectable in the cellular cytoplasm of all the cells in the 
human body, which becomes extracellular upon the cell 
death. Therefore, its extracellular presence is related to the 

cell death and tissue destruction. The LDH concentration 
in saliva is an expression of cellular necrosis and could 
be a more specific indicator of the oral lesions that affect 
the integrity of the oral mucosa. The levels of LDH can 
be measured, and screening of oral lichen planus can be 
performed, which is feasible, simple, and a convenient 
approach that does not require expert examiners.12 More-
over, salivary markers are preferred because of saliva’s 
ease of collection, noninvasive procedure, low cost, and 
multiple sampling for monitoring over time.13 Studies 
have shown that there was overexpression of survivin in 
tumors like neuroblastoma, colorectal, bladder, and breast 
cancers.14 So in the current study cases with malignan-
cies other than oral cancer were excluded to avoid any 
bias. Several studies have shown that saliva from patients 
with OSCC contain high levels of survivin.15-20 Hence, in 
the current study possibility of using survivin as a bio-
marker for oral leukoplakia and oral lichen planus and 
its role in involvement in the process of carcinogenesis 
was evaluated.

In the present study, a total of 96 subjects were 
included and the Human Total Survivin DuoSet IC 
Enzyme Assay analysis was performed which revealed 
that there was statistically significant difference present 
between all the groups confirming its functionality as 
an early diagnostic tool and also its role in the early 
involvement in carcinogenesis.5 Evidence/literature 
reveals that this is the first study which is estimating the 
salivary survivin level in the patients with oral lichen 
planus. In the current study, there was increased level 
of survivin found in the premalignant lesion like oral 
leukoplakia as compared to the control group which was 
in agreement with the study done by Santarelli et al.2 In 
previous studies, there is a continuing debate regarding 
the potential of oral lichen planus undergoing malig-
nant transformation, but the current study showed an 
increased level of survivin in oral lichen planus compared 
to the control group which was slightly higher than the 
levels of survivin in oral leukoplakia, which indicates an 
increased risk of malignant transformation in oral lichen 
planus. So, further studies have to be done with a larger 
sample size. The limitation of the current study was that 
all the types and stages of oral leukoplakia and oral lichen 
planus were included in the study without segregating 
them into groups which would further provide a more 
precise analysis of the rate of each type of these lesions 
undergoing malignant transformation. Even taking into 
account the above-mentioned limitation of the present 
study, survivin seems to be remarkable salivary bio-
marker for detection of an increased risk of malignant 
transformation of oral leukoplakia and oral lichen planus. 
However, present data should be considered preliminary, 
and thus the use of survivin as a single marker may be not 

Table 1: Mean value of salivary survivin in all four groups

Groups Mean
I 0.20
II 0.31
III 0.38
IV 0.43

Table 2: Statistical difference between all the groups which  
are significant

Pair-wise comparison by Mann–Whitney U test
Group I vs II p = 0.00001*
Group I vs III p = 0.00001*
Group I vs IV p = 0.00001*
Group II vs III p = 0.1578
Group II vs IV p = 0.00001*
Group III vs IV p = 0.0260*
*p < 0.05; Where Group I is normal group; Group II is oral 
leukoplakia group; Group III is oral lichen planus group; Group 
IV is oral cancer group
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sufficient for confirmation of malignant transformation 
of oral leukoplakia and oral lichen planus.

CONCLUSION

The study explains that survivin may not be considered 
an independent predictor of malignant transformation of 
potentially malignant lesion like oral leukoplakia, but can 
be considered as a marker for the increased risk of these 
lesions to undergo malignant transformation as well as 
demonstrate its role in the early process of carcinogenesis. 
Also elevated levels in lichen planus compared to leuko-
plakia point toward an increased state of risk in lichen 
planus patients for malignant transformation which has 
to be confirmed by further studies in a controlled setup.
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Abstract 

Introduction: The etiological factor behind degenerative changes in the temporomandibular joints (TMJs) is 

controversial. Tooth attrition, improper occlusal andhabits are possible causative factors. Oral habits are 

common and generally do not harm the stomatognathic apparatus but, when the activity exceeds the 

individual’s physiologic tolerance, the system begins to alter. Although psychological factors are an important 

etiological component in producing and perpetuating TMJ disorders a comprehensive view of the problem can 

be understood through the concept of multifactorial etiology. This study aims at assessing the association of   

oral habits and temporomandibular joint disorders through history of oral habits and clinical examination. 

Methodology: Adolescents aged between 15 & 20 yrs were included in the study. Each participant answered 

the questioner regarding the oral habits and symptoms of TMD. Oral habits - Chewing sticky products, 

Bruxism, Biting habits,continuous leaning of the chin on the hand,Clenching were included and recorded. 

Questionnaire on oral habitsand clinical examination check list were recorded on the basis of RDC Criteria . 

Results and observation: The results obtained   were   analyzed by Chi-Squared test.The analysis of the 30 

questionnaires gave insight into the association of oral habits with both sexes. Also, prevalence of various TMD 

with different habits was seen.This study indicates that there was higher rate of oral habits among women. Men 

with oral habits have more frequency of mild tmj disorders.Chewing sticky products: 6 males and 4 females had 

habit of chewing sticky products. Out of 6 male   4 patient had TMJ pain and 2 female had TMJ pain. I male had 

TMJ pain associated with clicking and jaw lock.Bruxism: 5 males and 3 females reported with bruxism habit. 3  

male had TMJ pain and clicking..1male patient had TMJ pain and 2 female had TMJ pain associated with 

clicking and jaw lock.Clenching: out of 30 patient   1 male and 2 female reported with clenching. Males didn’t 

report with TMJ pain and clicking and jaw lock. 2 females had TMJ pain associated with clicking and jaw 

lock.Chewing sticky products +clenching: 3 males and 5 females had habit of chewing sticky products and 

clenching. 3 males and 1 female reported with TMJ pain. 1 female patient  had TMJ pain with clicking and no 

males had TMJ pain with clicking. 3 females had TMJ pain associated with clicking and jaw lock.Bruxism + 

clenching: 1 female patient had bruxism and clenching and associated with TMJ pain.Headache/migraine: 9 

males were affected with headache and migraine in last 6 months.13 females were affected with headache and 

migraine in last 6 months.  

 

I. Introduction 

Modernization has lead to development of many oral habits that may lead to or facial disturbances and 

temporomandibular disorders.The etiological factor behind degenerative changes in the temporomandibular 

joints (TMJs) is controversial. Tooth attrition, improper occlusal and habits are possible causative factors. Oral 

habits are common and generally do not harm the stomatognathic apparatus but, when the activity exceeds the 

individual’s physiologic tolerance, the system begins to alter. Although psychological factors are an important 

etiological component in producing and perpetuating TMJ disorders a comprehensive view of the problem can 

be understood through the concept of multifactorial etiology.  

This study aims at assessing the association of   oral habits and temporomandibular joint disorders 

through history of oral habits and clinical examination. The purpose of this study is to find a relation between 

such habits and TMJ difficulties. Previous studies on this topic have mainly concentrated upon the middle age 

group of adults. But in this study the target age group is of adolescents because they are a group which has a 

high association rate with such habits. The main objective of this study is to ascertain the adverse effects of such 

habits to the stomatognathic system and possible gender association 

 

II. Materials and Methods 
This study wascarried out in Department of Oral Medicine and Radiology K.L.E. V.K .Institute of 

Dental Sciences Belgaum. The study included 30 adolescents. The patients were examined for signs and 

symptoms of TMJ. The ethical committee clearance was obtained. The consent form was obtained from 

patients. Each participantanswered the questioner regarding the oral habits and symptoms of TMD.  
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Study tool:  

 Questionnaire on oral habits  [ RDC CRITERIA]
[4,5]

 

 Clinical examination check list  [RDC CRITERIA] 

 

Inclusion criteria:Adolescents aged between 15 & 20 yrs 

 Oral habits - Chewing stickyproducts, Bruxism, Biting habits, Continuous leaning of the chin on the hand, 

Clenching. 

 

Exclusion criteria: Patients not willing to participate in study, Patients without oral habits. 

 

III. Results and Observation 
 The results obtained wereanalyzed by Chi-Squared test.The analysis of the 30 questionnaires gave 

insight into the association of oral habits with both sexes.Also, prevalence of various TMD with different habits 

was seen.This study indicates that there was higher rate of oral habits among women. Men with oral habits have 

more frequency of mild tmjdisorders. 

Chewing sticky products: 6 males and 4 females had habit of chewing sticky products. Out of 6 male4 patient 

had TMJ pain and 2 female had TMJ pain. I male had TMJ pain associated with clicking and jaw lock. 

Bruxism: 5 males and 3 females reported with bruxism habit.3  male had TMJ pain and clicking..1male patient 

had TMJ pain and 2 female had TMJ pain associated with clicking and jaw lock. 

Clenching: out of 30 patient  1 male and 2 female reported with clenching. Males didn’t report with TMJ pain 

and clicking and jaw lock. 2 females had TMJ pain associated with clicking and jaw lock. 

Chewing sticky products +clenching: 3 males and 5 females had habit of chewing sticky products and 

clenching. 3 males and 1 female reported with TMJ pain. 1 female patient  had TMJ pain with clicking and no 

males had TMJ pain with clicking. 3 females had TMJ pain associated with clicking and jaw lock. 

Bruxism + clenching: 1 female patient had bruxism and clenching and associated with TMJ pain. 

Headache/migraine: 9 males were affected with headache and migraine in last 6 months. 

13 females were affected with headache and migraine in last 6 months. 
 

Table 1 : 
Habit People having Habit TMJ Pain TMJ Pain + Clicking TMJ Pain + Clicking + Jaw Lock 

 Males Females Males Females Males Females Males females 

1)Chewing sticky 
products 

6 4 4 2 1 - 1 - 

2)Bruxism 5 3 1 1 3 - 1 2 

3) clenching 1 2 - - - - 1 2 

4)Chewing sticky 
products + Bruxism 

3 5 3 4 - 1 - 3 

5)Bruxism + 

Clenching 

- 1 - 1 - - - - 

Headache/Migraine 
in last 6 months 

9 13 - - - - - - 

 

Graph 1 ; Prevalence of Oral Habits 

 
 

IV. Discussion 

This study indicates that there is a higher rate of oral habits amongst women.In women, combination of 

various oral habits occurs more frequently. Men, with oral habits, have more frequency of mild TMJ disorders. 

On the other hand, women with similar habits have much more severe TMJ disorders. The findings of this study 

are in accordance with analogous studies conducted by Okeson et al
[1]

.His team concluded that adolescent 
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females had a higher prevalence of  TMD signs and symptoms and carried out oral habits more intensively. 

Similarly, Gavish et al also carried out a study on oral habits in adolescent females where he found that the 

prevalence of most oral habits was higher among adolescent females than males
[2]

.Another finding of  this study 

is that a significant difference was found based on individuals who had problems with headaches/migraines in 

past 6 months. 

The number of females having this problem was significantly higher than males.It would seem that 

these oral habits have a direct relationship to the periodicity of headaches/migraines. In the modern day, 

different types of chewing gums are being widely used by young subjects.Also the fast paced lifestyle has 

increased the level of stress that they are burdened with.These factors are leading to development of adverse oral 

habits.Due to them, the frequency of TMJ disorders has increased amongst this age group. The etiological 

factors leading to such oral habits need to be recognized and nullified.Only if such steps are taken can these 

subjects develop into healthy adults.If not, then they will develop complications during later stages of life. 

A study carried out by Okeson on the prevalence of oral parafunctions and signs and symptoms of 

temporomandibular disorders (TMD) in female and male adolescents were compared and their relationship to 

one another was evaluated. The study consisted of 314 adolescents (136 males and 178 females) and concluded 

that Adolescent females had a higher prevalence of TMD signs and symptoms and carried out oral habits more 

intensively. Para functional activity may be another contributing factor in the discrepancies found in the 

prevalence of signs and symptoms between the sexes. Parafunctional habits and gender may be risk factors of 

TMD. 
[1] 

Another study was carried out by Gavish et al Oral habits and their association with signs and 

symptoms of temporomandibular disorders in adolescent females. The study consisted of 314 adolescents (136 

males and 178 females) and concluded that the prevalence of most oral habits was higher among adolescent 

females than males. Most examined signs and symptoms of TMD showed a statistically significant higher 

prevalence among females. 
[2] 

Kuttila M, assessed associations between treatment need for temporomandibular disorders (TMD) and 

age, gender, stress, and diagnostic subgroup were analyzed in an adult Finnish population for 506 subjects. 

When analyzed separately, the association between TMD treatment need and all the studied factors was 

statistically significant. This finding is in accordance with earlier results. When the studied factors were 

included into an explanatory model, however, the picture changed. The logistic regression analysis revealed that 

diagnostic subgroup was the strongest predictor for the TMD treatment need. Total stress score significantly 

added to the explanatory power of the model, but age and gender did not. The common place observation that 

women show more signs and symptoms of TMD seems to be explainable by their higher stress scores and by the 

type of symptoms. 
[3] 

 

V. Conclusion 

In the modern day, different types of chewing gums are being widely used by young subjects.Also the 

fast paced lifestyle has increased the level of stress that they are burdened with.These factors are leading to 

development of adverse oral habits.Due to them, the frequency of TMJ disorders has increased amongst this age 

group. The etiological factors leading to such oral habits need to be recognized and nullified.Only if such steps 

are taken can these subjects develop into healthy adults. If not, then they will develop complications during later 

stages of life. Further studies with more sample size should be carried out in   establishing   relationship between 

headache and tempromandibular joint disorders. 
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Comparison of effectiveness of Calendula officinalis extract 
gel with lycopene gel for treatment of tobacco‑induced 
homogeneous leukoplakia: A randomized clinical trial

Manisha Singh, Anjana Bagewadi
Department of Oral Medicine and Radiology, KLE Vishwanath Katti Institute of Dental Sciences, Belagavi, Karnataka, India

INTRODUCTION

Oral leukoplakia (OL) is one among important potentially 
malignant disorders of  the oral mucosa.[1,2] Leukoplakia 
may occur anywhere on the oral mucosa, and its prevalence 
varies from 0.2% to 5.2% of  the Indian population.[3,4] The 
tobacco chewing habit both in smoking and smokeless 
form is the most common cause for OL. Many oral 
squamous cell carcinomas develop from potentially 

malignant disorders.[5] It has been reported that between 
16% and 62% of  oral squamous cell carcinomas are 
associated with OL.[2,6] Early diagnosis and treatment of  
these potentially malignant disorders is required to prevent 
their progression to malignancy. Hence, it is important for 
the clinician to diagnose leukoplakia in its initial stages and 
manage effectively.

Aim: The aim of the study is to assess the efficacy of Calendula officinalis gel as cost‑effective treatment 
modality in comparison to lycopene gel in the treatment of leukoplakia.
Materials and Methods: The study comprised of sixty patients of clinically diagnosed and histopathologically 
confirmed cases of homogeneous leukoplakia which were divided into Group I and Group II with thirty 
patients each. Group I patients were dispensed C. officinalis extract gel whereas Group II patients were 
given lycopene gel. The therapy was instituted for 1 month to assess the change in the size of the lesion 
at the baseline and posttreatment.
Results: The results revealed a statistically significant difference in both Group I and Group II when 
the pre‑ and post‑treatment results were compared in the same group. The mean difference in the 
reduction in size before and after treatment for Group I was 2.0% ±1.0 cm while for the Group II, it was 
1.57% ±0.87 cm. The intergroup comparison for the evaluation of reduction in the size of the lesion did 
not reveal statistically significant results.
Conclusion: C. officinalis extract gel can be effectively used as an alternative to conventional treatment 
modality.

Keywords: Calendula officinalis, leukoplakia, lycopene
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Current treatment modalities include cessation of  tobacco 
chewing habit and lycopene as a powerful antioxidant, a 
member of  carotenoid family of  phytochemicals obtained 
from tomatoes, other red fruits and vegetables (red carrots, 
watermelons, papayas).[7] Lycopene exhibits the highest 
physical quenching rate constant with singlet oxygen, thereby 
known for its antioxidizing property.[8] The conjugated polyene 
structure of  lycopene provides an electron-rich system which 
neutralizes harmful free radicals and prevents cell death.[9] 
Tomato products and lycopene consumption reduce the risk 
of  upper aerodigestive tract cancers of  oral cavities, pharynx, 
larynx, and esophagus.[10] The ability of  lycopene is supposed 
to modify intercellular exchange junctions, thereby effective 
in potentially malignant disorders.[11]

Many herbal medicines have been tried in the management 
of  oral diseases including premalignant disorders. Calendula 
officinalis is one among the herbal medicines which has the 
potential antioxidant property. C.  officinalis also known 
as pot marigold is an annual herb belonging to family 
Asteraceae.[12] Pharmacological studies have confirmed that 
C. officinalis has a broad range of  biological activity such 
as antimicrobial, anti-inflammatory, immunomodulatory, 
wound healing, antiviral, and antitumoral property.[13]

Research has shown that C. officinalis contains flavonoids, 
polyphenols, lutein, flavoxanthin, lycopene, auroxanthin, 
beta-carotene which possesses antioxidant property[14] and 
hence can be utilized in the treatment of  leukoplakia. In 
the light of  above properties of  C. officinalis, this study was 
proposed to assess the effect of  herbal gel in treatment 
of  homogeneous leukoplakia. This gel is a cost-effective 
treatment modality when compared with lycopene gel for 
the treatment of  homogeneous leukoplakia.

MATERIALS AND METHODS

Sixty patients of  either sex with clinically diagnosed and 
histopathologically confirmed cases of  homogeneous 
leukoplakia were selected reporting to the Department 
of  Oral Medicine and Radiology, KLE Vishwanath 
Katti Institute of  Dental Sciences and Research Centre, 
Belagavi. Informed consent was obtained from all the 
patients, and approval was seeked from the Institutional 
Ethical Committee and review board of  KLE Vishwanath 
Katti Institute of  Dental Sciences, Belagavi. Individuals 
willing to participate in the study with the signed informed 
consent were included in the study. Patients with potentially 
malignant disorders other than homogeneous leukoplakia, 
any past history of  major illness within a period of  
6 months, allergy to Asteraceae family and lycopene were 
excluded from the study.

Patients included 60 clinically and histopathologically 
confirmed cases of  homogeneous leukoplakia based 
on the classification given by  Warnakulasuriya S 
et al. (2007)[15]  which were randomly divided into following 
2 Groups with thirty patients each. Patients in Group I 
were dispensed C.  officinalis gel containing antioxidants 
2 mg by weight, per gram of  gel. Patients in Group II were 
dispensed lycopene gel containing lycopene antioxidant 
2 mg by weight, per gram of  gel.

The double-blinded protocol was followed in which both 
the patient and the investigator were unknown about the 
medication given.  Tobacco cessation counseling was done 
for all the patients at the very first appointment and they 
were instructed to apply the gel thrice daily after breakfast, 
lunch and dinner for a period of  1 month [Figure 1].  Both 
the gels were dispensed in a sterile plastic bottle with a 
nozzle. Patients were instructed to use sterile ear buds 
for gel application at the site of  the lesion. Patients were 
also demonstrated about the quantity and method of  gel 
application on the lesion at the first appointment itself.

The therapy was followed up for the next 3 months. 
Patients were examined on the 30th day to assess the change 
in the size of  the lesion at the baseline [Figure 2] and 
posttreatment [Figure 3]. The evaluation of  the treatment 
was assessed by quantitative bidimensional measurement 
using clinical photographs of  the lesion and measuring the 
size of  the lesion by Photoshop software version 5. The 
two longest diameters calculated by the software were used 
to calculate the total size of  the lesion. The measurements 
were done twice, first at the baseline (before application 
of  the gel) and at the posttreatment (end of  1 month). 
The data obtained were statistically analyzed using paired 
t-test to evaluate the correlation in C. officinalis group and 

Figure 1: Application of gel at the site of lesion
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•	 Humectant‑glycerine	(5%	w/v)
•	 Flavoring	agent‑peppermint	oil	(0.001%	w/v).

RESULTS

In the present study, the majority of  the patients in 
Group I and Group II were males. There were 28 males 
and 2 females in Group I and 22 males and 8 females in 
Group II [Table 1]. The majority of  patients in Group I and 
Group II were in the age group of  56–65 years [Table 2]. 
No significant difference was present in Group I and 
Group II in regard to age and gender.

The average size of  leukoplakia before treatment was 
4.14 cm2 (standard deviation [SD] = 2.07) and after 

Table 1: Sex distribution in Group I and Group II
Sex Group I Group II

Number of cases (%) Number of cases (%)

Male 28 (93.33) 22 (73.33)
Female 2 (6.67) 8 (26.67)
Total 30 (100) 30 (100)

Table 2: Age distribution in Group I and Group II
Groups Frequency (%) Mean±SD P

Group I (years)
26‑35 2 (6.67) 3.4±1.0 0.508
36‑45 3 (10.00)
46‑55 7 (23.33)
56‑65 16 (53.33)
66‑75 2 (6.67)
Total 30 (100.0)

Group II (years)
26‑35 5 (16.67) 3.2±1.3
36‑45 4 (13.33)
46‑55 3 (10.00)
56‑65 15 (50.00)
66‑75 3 (10.00)
Total 30 (100.0)

SD: Standard deviation

lycopene group (pre- and post-treatment), and unpaired 
t-test was done to evaluate the correlation between 
C. officinalis and lycopene group (posttreatment).

Gel preparation
C. officinalis flowers were collected from Horticulture 
Department (Civil) NTPC Barh, Patna, during November 
2015. Flowers were authenticated by the trained and 
experienced faculty of  Regional Medical Research 
Centre, Nehru Nagar, Belagavi, and the herbarium 
specimen was deposited at ICMR with accession number 
RMRC-1280. Other chemicals such as Hydroxymethyl 
propyl cellulose, methyl paraben, and propyl paraben used 
in the formulations were of  analytical grade procured from 
the local dealers at Belagavi. The material for lycopene 
gel was procured from Lycored Jagsonpal Pharmaceutics 
Limited. C. officinalis and lycopene gels were prepared in 
the Department of  Pharmaceutics, KLEU college of  
Pharmacy, Belagavi.

Per gram of Calendula officinalis gel contained
•	 Compound	extract‑2	mg	by	weight
•	 Gelling	agent‑hydroxymethyl	propyl	cellulose	(5%	w/v)
•	 Preservative‑methyl	paraben	(0.1%	w/v),	propylparaben	

(0.01%	w/v)
•	 Humectant‑glycerine	(5%	w/v)
•	 Solvent	for	menthol‑ethanol	(2	drops)
•	 Sweetening	agent‑xylitol	(1%	w/v)
•	 Flavoring	agent‑menthol	(0.05%	w/v).

Per gram of lycopene gel contained
•	 Compound‑2	mg	by	weight
•	 Thickening	agent‑sodium	alginate	(0.3%	w/v),	calcium	

gluconate	(0.005%	w/v)
•	 Sweetener‑Sodium	saccharin	(0.1%	w/v)

Figure 2: Pretreatment homogeneous leukoplakia Figure 3: Posttreatment after application of C. officinalis gel
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concluded that there was higher prevalence of  leukoplakia 
in men after 50 years of  age.[18] Liu et al. conducted a study 
on 218 patients of  leukoplakia and reported that peak 
incidence was during the fifth decade of  life.[19] Brouns et al. 
found the mean age of  57 years among 275 patients of  
leukoplakia.[20] A study done by Gupta et al. also showed 
the annual incidence of  1.1%–2.4% among men and 
0.2%–0.03% among women.[21] Various other investigators 
like Waldron and Shafer[22] and  Mohitpal Singh et al.[8]  also 
reported male predominance for OL.

In the present study, patients in Group II (n = 30) were 
dispensed lycopene gel. The treatment was instituted for 
1 month and followed up for another 3 months. The 
results of  the study showed significant reduction in the 
size of  the lesion with no side effects. Similar results 
were reported by Mohitpal Singh et al. who compared 
two different doses of  systemic lycopene (8 mg/day and 
4 mg/day) with placebo in the treatment of  leukoplakia 
and stated that patients receiving lycopene in both groups 
showed a significant reduction in size as compared to the 
placebo group.[8]

The effectiveness of  lycopene has also been evaluated 
in combination with micronutrients, and significant 
results are reported. Patel et al. found that lycopene in 
combination with Vitamin E and selenium was effective 
in reducing the clinical size of  the lesion in patients with 
leukoplakia.[23] Studies carried out by investigators like 
Nagasawa et al.,[24] Sharoni et al.,[25] Narisawa et al.,[26] and 
Bhuvaneshwari et al.[27] have suggested lycopene to be an 
effective agent in inhibiting carcinogenesis.

Several herbal products have been used in the treatment 
of  leukoplakia, and their effectiveness is well documented 
in the literature. Palak H et al.  concluded the role of  
curcumin in treating precancerous lesions.[28] Deshpande 
et al. evaluated the effect of  Triphala mouth rinse on the 
reversal of  precancerous lesions and reported significant 
results.[28] Mathew et al. evaluated the effectiveness of  
Spirulina fusiformis in the chemoprevention of  oral cancer. 
Complete regression of  lesions was observed in 16 of  
28 (57%) patients supplemented with Spirulina of  patients 
with homogeneous leukoplakia.[29]

Considering the promising effects of  herbal medicine 
in the treatment of  leukoplakia, the present study was 
undertaken to evaluate and compare the effectiveness of  
C. officinalis extract with lycopene and to propose it as an 
innocuous, cheap, and easily available treatment modality 
for the treatment of  leukoplakia. There is no evidence in 
literature about any study done to evaluate the effectiveness 

treatment was 2.09 cm2 (SD = 2.59) in Group I [Graph 1]. 
The average size of  leukoplakia before treatment 
was 4.46 cm2 (SD = 2.41) and after treatment, it was 
2.89 cm2 (SD = 3.07) in Group II. The mean difference 
in the reduction in size before and after treatment for 
Group I was 2.0 ± 1.0 cm while for the Group II, it was 
1.57 ± 0.87 cm [Table 3].

There was statistically significant difference in both Group I 
and Group II when the pre- and post-treatment results 
were compared in the same group. However, no significant 
difference was observed between the two groups.

DISCUSSION

Leukoplakia is one of  the most common potentially 
malignant disorders of  the oral mucosa.[1,15] The annual 
malignant transformation rate of  OL ranges between 
3% and 17.5%.[15]

Leukoplakia is more common among the elderly men 
over 40 years of  age, and its prevalence increases with 
age.[16] In the present study, the majority of  patients 
of  OL were above 55 years of  age, and a higher male 
predominance was seen. Bánóczy also reported the 
prevalence of  leukoplakia in the age group of  51–60 years 
with higher male predominance.[17] Espinoza et al. also 

Table 3: Comparison of mean±SD of size (cm) of lesion in 
Group I and II (pre- and post-treatment)

Groups Mean±SD P

Pretreatment Group I 4.1443±2.07338 −0.554
Group II 4.4667±2.41850

Posttreatment Group I 2.0967±2.59993 −1.079
Group II 2.8900±3.07620

Difference Group I 2.0±1.0 1.936
Group II 1.57±0.87

SD: Standard deviation

Graph 1: Comparison of change in size after C. officinalis gel 
application
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of  C. officinalis extract in the management of  leukoplakia, 
and hence, this is the first study.

In the present study, all the 30 patients in C.  officinalis 
group demonstrated significant reduction in the size of  
the lesion in 1 month. The significant differences obtained 
in Group I indicate that C. officinalis extract can be readily 
used as an effective treatment modality in the management 
of  leukoplakia. However, no significant differences were 
seen between the C.  officinalis and lycopene group thus 
indicating that both the drugs are equally effective and can 
be successfully employed in the treatment of  homogeneous 
leukoplakia. Patients were followed up for a period of  
4 months to evaluate the stability in the reduction of  size 
and record any recurrences.

In future, further studies should be carried out by modifying 
the concentration of  C. officinalis gel and following up with 
histopathological changes.

CONCLUSION

Thus, it can be concluded that C. officinalis extract can be 
effectively used as an alternative to conventional treatment 
modality. Looking at the promising results of  the study, 
initiative should be taken in collaboration with herbal 
healthcare companies to introduce C.  officinalis extract 
at a commercial level so that it is easily available for 
the patients. Further studies with larger sample size can 
determine optimal therapeutic dose levels and frequency 
of  administration to improve effectiveness.
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Introduction
Traditional lectures and power-point presentations are routinely 
employed as a means of transmitting knowledge and skills are 
learnt by demonstration of procedure to small groups. Teaching 
prosthodontics to first and second year dental students, to 
make it interesting and boost learning has been a challenge. 
Preclinical Prosthodontics in undergraduate dental curriculum 
aims to impart theoretical knowledge to the student and enable 
them to develop skills involved in complete denture fabrication 
without any patient contact.[1,2]

It has been reported that students fail to recall basic scientific 
concepts related to clinical fields; thus questioning the 
efficacy of academic education imparted in the initial years 
.[2-4] Furthermore, students also experience anxiety during the 
transition from preclinical to clinical years.[2-6] It is therefore 
recommended that students should be introduced to clinical 
environment in the early years of their course so that they 
understand the importance of preclinical exercise of denture 
fabrication/ replacement of missing teeth and associated 
structures.[7-9] There is evidence showing that early clinical 

exposure (ECE) may move education and learning towards the 
real context of practice.[7]

Early clinical exposure is an “Authentic human contact in a 
social or clinical context that enhances learning of health, illness 
and disease, and the role of the health professional.”[10,11]. ECE 
can be implemented in all or any of the three settings: Class 
room setting, Hospital setting and Community setting.[12] ECE 
facilitates students’ transition to the clinical phase, helps them 
develop professional identity, increases their motivation, makes 
them aware of the application of basic sciences and boost their 
confidence to handle their patients’ problems in practice.[13,14] 
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ECE is one of the reforms proposed in the Medical Council 
of India’s (MCI) Vision 2015 document for restructuring of 
undergraduate medical education.[15]

Effectiveness of ECE in medical education is well established, 
but there is a lack of data related to its effectiveness in dental 
education, in the Indian context. Therefore, this study was carried 
out with an aim of testing the effectiveness of an ECE (Early 
Clinical Exposure) module in preclinical prosthodontics on the 
performance of second year dental students. The objectives of 
the study were to compare the knowledge and skills of second 
year dental students trained using conventional didactic lectures 
with those trained with a combination of didactic lectures and 
early clinical exposure module and to assess the perception of 
dental students regarding early clinical exposure.

Materials and Methods
This study was a randomized controlled trial conducted among 
second year dental students in a dental college after obtaining 
ethical clearance from the IRB and permission from the Dean. 
The purpose of the study was explained to the subjects. The 
subjects were informed that their decision to participate in the 
study was voluntary and their non-participation would not affect 
other aspects of their academics. Written informed consent was 
obtained from them.

Two Focus Group Discussions (FGDs) were conducted with 
two different groups of students and one FGD was held with 
prosthodontics faculty to determine the difficulties encountered 
during the process of learning and teaching the subject.[16] This 

Table 1: Lesson plan.
Department of Prosthodontics Module for Pre- clinical Prosthodontics
Course Title Preclinical Prosthodontics
Academic Year 2

Course Synopsis Development of an Early Clinical Exposure (ECE) module in Preclinical Prosthodontics related to impression 
making with Impression compound in completely edentulous patients in second year dental students.

Learning Outcomes

At the end of the course student shall be able to:-
1.      Identify the material and classify it. (C2)
2.      Describe the function of each ingredient of impression compound.(C1)
3.      State the properties of impression compound. (C1)
4.      Identify the advantages and disadvantages of impression compound. (C2)
5.      Explain the uses of impression compound. (C2)
6.      Explain the movements involved in manipulating the material in different regions of the oral cavity. (C2)
7.      Demonstrate the manipulation of impression compound to record the maxillary impression using edentulous 
die. (C3,P3) 
8.      Demonstrate the manipulation of impression compound to record the mandibular impression using 
edentulous die. ( C3, P3) 

Learning Strategies, Contact 
Hours Learning Strategy Contact Hours

 Lecture 2 hours
 Video demonstration 1 hour
 Practical 16 hours (8 hrs for maxillary+ 8 hrs for mandibular)
 Assessment A) MCQ s to assess C1,C2 A)    1 hour for pre-test and 1 hour for post-test
                     B) OSPE to assess  C3,P3 B)    2 hours
  
Expected Competency The students should be able to manipulate and make impression with impression compound on metal die. 

Assessment Methods

Formative Summative
Record book MCQ
Viva OSCE/OSPE
Assignments  

Feedback Methods
1. Perception of students regarding the module will be taken at the end of the discussion.
2. Feedback regarding student performance at the end of each session will be given

Main References
1. Z arb- Prosthodontic treatment for edentulous patients; 13 th edition CV Mosby Company,2004.
2. Skinner’s Dental Materials

Teaching Schedule
Lecture Topics Contact Hours

1
Introduction to impression materials (Include definition, 
requirements and classification of impression materials ; 
definition and classification of Impression trays)

1 hour

2

Introduction to rigid impression materials with emphasis 
on impression compound. This lecture will also include 
manipulation of impression compound and procedure for 
making impressions

1 hour

Video Demonstration Procedure Contact Hours

 Manipulation of impression compound to make maxillary 
and mandibular impressions. 1 hour

Practical Procedure Contact Hours
1 Making the maxillary impression on the metal die 8 hours
2 Making the mandibular impression on the metal die 8 hours
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FGD revealed that primary impression making using impression 
compound was one of the topics which was found to be difficult 
to learn by the subjects. Based on this, an ECE module was 
designed which consisted of Multiple Choice Questions 
(MCQs), Objective Structured Practical Examination (OSPE) 
stations, Powerpoint lectures and Video recording.

Pilot study

A pilot study was conducted among 10 second year students 
of the previous batch who were not a part of the main study to 
determine the comprehensibility of the module and to test the 
feasibility of the project. Based on the results of the pilot study, 
the necessary modifications were made and the final module 
was prepared.

Preparation of resources

A lesson plan consisting of list of subtopics that would be taught 
in lecture classes, in relation to making an impression using 
impression compound, was prepared [Table 1]. It was reviewed 
by other faculty members in the Department of Prosthodontics. 
Changes that were suggested were incorporated and the 
PowerPoint presentation was prepared.

Based on learning objectives, a 20 minute video recording on a 
patient consisting of the complete clinical procedure of making 
a primary impression of the edentulous jaws, using impression 
compound was prepared by one of the investigators. Written 
consent was obtained from the patient. The video included 
English audio narration with sequential steps involved in 
preliminary impression making for both the maxillary and 
mandibular arches: the armamentarium involved (such as 
various impression materials and impression trays), the position 
of patient and operator, intraoral anatomical landmarks, selection 
of impression trays, kneading of impression compound, loading 
of the impression material, making and reading an impression. 
The video was reviewed by other faculty members in the 
prosthodontics department and edited after receiving feedback. 
The final revised version was then used in the study.

Preparation of Multiple Choice Questions (MCQs) and 
Objective Structured Practical Examination (OSPE) 
stations

The MCQs were framed based on the learning objectives and 
item analysis was performed on the second year students of the 

previous batch. Then the final version of MCQs was prepared 
by the staff. The final version contained 20 MCQs and 4 OSPE 
stations [Table 2].

Study procedure

84 subjects were randomly allocated to two groups using simple 
random technique. Control group received instruction in the 
form of didactic lectures and study group received it in the form 
of didactic lectures accompanied by a video demonstration of 
the procedure in the clinic [Figure 1]. A single investigator 
conducted didactic lectures for both groups. The study subjects 
comprised of second year dental students who were willing to 
participate in the study.

Two hours of lecture and 16 hours of practical sessions were 
conducted as a part of the study by the investigator for both 
groups. The investigator had a tutor guide consisting of points 
to be covered in the lecture so that the information given to both 
the groups was similar. A pretest using MCQs was conducted 
in both groups to determine students’ knowledge of the chosen 
topic before the intervention. After the intervention an MCQ 
test for knowledge and skills assessment using OSPE was 

Table 2: Design of objective structured practical examination (OSPE) stations.

 Properly Done (Maximum 
marks)

Partially Done (Half of the 
maximum marks)

Not Done 
(0 marks)

Total marks 
awarded

1. Whether tray selection is appropriate or not? (4 
marks)  - - - -

2. Whether impression compound has been broken into 
pieces?(2 marks) - - - -

3. Whether manipulating compound at the right tempera-
ture? (4 marks) - - - -

4. Has the impression compound been kneaded cor-
rectly and the manipulated compound  homogenous 
and void free? (3 marks)

- - - -

5. Has the tray been loaded and oriented properly on the 
metal die? (3 marks) - - - -

6. Have all the anatomical landmarks been recorded 
(maxilla: labial vestibule & distobuccal area; mandible: 
labial vestibule & distolingual area) (4 marks)

- - - -

 

 

 

 

84 subjects
Enrolled

Study group
42 subjects

Control group
42 subjects

Discontinued 
intervention: 1

Discontinued 
intervention:10

Intervention
ECE + Lecture

Intervention
Only Lecture

Randomized 

Post intervention 
Analysis
n = 41

Post intervention 
Analysis
n = 32

Figure 1: Flow chart of study design.
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performed. Student feedback regarding ECE was obtained 
using self-designed proforma consisting of 6 items on 5 point 
Likert scale at the end of the module. The scale was coded 
as: 1=Strongly Disagree; 2=Disagree; 3=Neutral; 4=Agree; 
5=Strongly Agree.

Data analysis

Data analysis was done using SPSS 17.0 version (Chicago, IL). 
Paired t test was performed to assess the improvement in each 
group. Unpaired t test was used to compare the scores between 
the groups. Statistical significance was fixed at 5%.

Results
A total of 73 subjects participated in the study. Among them, 
32 belonged to the control (Lecture) group and 41 belonged to 
study (Lecture + Video) group. There were eleven dropouts; 
these students were absent on the day of the intervention.

The intergroup comparison of pretest scores revealed that at 
baseline there was no significant difference in the MCQ scores 
of both the control and study groups (p=0.110) [Table 3]. Post 
intervention there was a significant difference in the mean MCQ 
scores of both the groups (p=0.003) [Table 3].

The mean scores obtained in the pretest MCQ exam by the 
subjects in the control group and study group was 8.25 ± 2.40 
and 9.24  ± 2.75 respectively. The post intervention means score 
of the control group was 12.78 ± 2.70 and in the study group 
it was 14.51 ± 2.03. Intragroup comparison revealed that there 
was a statistically significant increase in the mean scores in 

both the groups after the intervention when compared with their 
baseline values (p<0.05) [Table 4].

The mean OSPE scores of subjects in the control group and 
study group was 13.97 ± 3.64 and 14.69 ± 3.32 respectively. 
Intergroup comparison of OSPE scores revealed that the mean 
scores of study group were higher compared to the control group 
though the difference was not statistically significant (p=0.377) 
[Table 5].

 Student feedback revealed that all 35(100%) of the students 
agreed that ECE improved understanding of the impression 
procedure, promoted better visualization of the handling of the 
impression material and motivated them to learn more. More 
than 90% agreed that ECE provided better retention of the topic 
and improved correlation of theory with practical [Table 6].

The students were also asked to provide feedback on the 
inclusion of video demonstration and they felt that it helped in 
linking theory with clinical application.

The students were also asked to comment on suggestions to 
further enhance the process to which they suggested sharing of 
video links.

Discussion 
The model of traditional medical teaching includes more 
theoretical aspects in the first two years of the course followed 
by exposure to clinics only in the remaining years [17] Dentistry 
and dental education are a dynamic field and therefore require 
periodic curricular reforms. One of the purposes of making 

Table 3: Comparison of Knowledge Pre-score between control (lecture) and study (lecture  and video) group. 
 Group N Mean Std. Deviation Mean difference P-value

Pre -intervention
Control (Lecture) 32 8.25 2.396

-0.994 0.11
Study (Lecture+Video) 41 9.24 2.755

Post- intervention 
Control(Lecture) 32 12.78 2.697

-1.731 0.003*
Study (Lecture+Video) 41 14.51 2.026

Table 4: Comparison of Pre vs Post mean scores in control (lecture) and study (lecture  and video) group.
Group Mean N Std. Deviation Mean difference P-value

Control (Lecture)
Pre -score 8.25 32 2.396

-4.531 <0.001*
Post-score 12.78 32 2.697

Study (Lecture+Video)
Pre -score 9.24 41 2.755

-5.268 <0.001*
Post-score 14.51 41 2.026

* Statistically significant using Paired t-test 

Table 5: Comparison of OSPE scores between control (lecture) and study (lecture and video) group. 
Group N Mean Std. Deviation Mean difference P-value
Control(Lecture) 32 13.969 3.641

0.726 0.377
Study(Lecture+Video) 41 14.695 3.3183
* Statistically not significant using t-test

Table 6: Distribution of students’ responses to perception to early clinical exposure.
 

 
Strongly Agree Agree Neutral
N % N % N %

Q1. It improved my understanding of impression procedure when 
supplemented by video 19 54.3 16 45.7 0 0

Q2. Video exposure promoted better visualization of the handling of the 
impression material 16 45.7 18 51.4 1 2.9

Q3. Video exposure provided better retention of the topic 11 31.4 21 60 3 8.6
Q4. Video exposure improved correlation of theory with practical 21 60 11 31.4 3 8.6
Q5. I felt motivated to learn more after viewing the video 18 51.4 16 45.7 1 2.9
Q6. Video exposures should be promoted 25 71.4 10 28.6 0 0
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innovations in educational technology is promoting easier 
understanding of complex concepts. Early clinical exposure 
is one such educational innovative practice that will facilitate 
smoother transition between a theoretical concept and it’s 
clinical application. This study was carried out to test the 
effectiveness of an ECE (Early Clinical Exposure) module in 
preclinical prosthodontics on the performance of second year 
dental students.

Preclinical Prosthodontics is taught during the first two years 
of the course. During this period, the exposure of a student is 
limited to the laboratory, so it is difficult to understand certain 
topics that are taught in theory e.g. anatomical landmarks, 
impression making, jaw relations, occlusion, casting defects 
and dental ceramics. The learning of the second year student 
can be supplemented with clinical exposure to permit horizontal 
and vertical integration of basic sciences with clinical training 
[8]. Introduction to patient care should take place as early as 
possible to make the students familiar with the task they will be 
pursuing as their profession [8].

If a patient cannot be brought to the class, a paper based case 
vignette, video recordings, pictures or case scenarios on Power 
Point, animations etc. can be used to impart ECE [12].

 In this study, video recordings in class room setting were used to 
implement ECE. Videos provide enhancement in visualization 
of the oral cavity and allows creation of mental representation to 
encourage deep learning within the classroom dynamics [18-20] It 
ensures that standardized information is imparted to students by 
different tutors [18] Videos are helpful as the students can refer to 
the material repeatedly. [21].

The results of the present study revealed that both the control 
and the study group showed significant increase in knowledge 
compared to baseline values. When OSPE scores were compared, 
there was an increase in the mean scores of the study group 
though it was not statistically significant. A possible explanation 
for this observation is that both groups did not have plenty of 
practice before their OSPE and improvement in skills requires 
time and practice. The results of our study are in agreement with 
those of Smith et al. [20] who reported no statistically significant 
differences in practical examination results using video-clips as 
a teaching aide.

Tayade et al. [22] reported statistically significant difference in 
the knowledge, skills and attitude of first year M.B.B.S students 
between ECE and Non-ECE group. Rawekar et al. [23] also 
reported significant gain in the skills in M.B.B.S students as 
evident by the scores of OSCE.

A study by Duque et al. [24] assessed the effects of early clinical 
exposure of second year medical students at McGill University 
to geriatric medicine. Students exposed to clinical experience 
found their postings more effective as a learning experience 
and expressed greater satisfaction in interaction with the tutors. 
The grades obtained by the students exposed to early clinical 
experience in the final examinations showed better and more 
effective acquisition of knowledge.

O’Brien-Gonzales [17] described the experiences of ten 
Interdisciplinary Generalist Curriculum Project demonstration 
medical schools that incorporated early clinical experience 
programs as a part of their medical education and training 

models. The demonstration schools believe that early clinical 
experience strengthened student learning, enhanced students’ 
ability to interact with patients and improved performance on 
clinical skills assessment.

Obrez et al. [9] implemented a clinically oriented complete 
denture program for second-year dental students in the 
College of Dentistry at the University of Illinois, Chicago by 
providing significant clinical exposure with patients. The results 
showed statistically significant improvement in the students’ 
performance in the written, practical and OSCE.

In our study, students perceived that ECE improved correlation 
of theory with practical by promoting better visualization and 
understanding of impression procedure. This motivated them to 
learn more. Positive perception of the students towards ECE has 
also been reported by Rawekar et al. [23]

Long-term performance of this batch needs to be tracked to 
observe if there are any changes in their performance compared 
to students who have received routine training. We also plan 
to implement ECE in future batches of second year BDS. ECE 
can also be started as early as the first year of their training in 
Prosthodontics and other specialties of dentistry as well.

Conclusion
Early Clinical Exposure module had a positive effect on the 
scores of students in preclinical Prosthodontics. The observed 
improvement in clinical knowledge suggests that ECE can be 
included as a part of the current dental undergraduate curriculum 
in India.
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INTRODUCTION
Routine histopathological examination of commonly
encountered periapical infections reveals an array of
inflammatory cells. Amidst the inflammatory infiltrate of
lymphocytes and plasma cells, there exists some bizarre
cells which generally go unnoticed while being important
entities.

In the present case of periapical granuloma, we
observed numerous round to ovoid clusters of cells
which were refractile. An observation on a high-power
view disclosed that these cells not only occurred in
clusters but also appeared like a single cell containing
numerous round inclusions within it. These entities were
Mott cells.  The term Mott cell derives its name from
surgeon, F. W. Mott, who was the first to identify these
cells in the brain of monkeys with trypanosomiasis. He
also coined the term morular cells (Latin morus,
mulberry) for these cells, as these cells occurred in
clusters. Mott cells have been described as Russell body
inclusions that are immunoglobulins stored in the dilated
endoplasmic reticulum of plasma cells. It is suggested

that these inclusions can possibly be due to somatic
hypermutations of immunoglobulin genes. These cells
have been encountered in plasma cell tumors,
lymphomas and some syndromes.1 Observation of such
bizzare cells in a commonly encountered periapical
lesion was not less exciting. We believe that the
occurrence of these cells in periapical lesion is much
more than just a coincidence and therefore, through this
literature, we attempt to accrue the limited evidence
regarding these cells and report their presence in a case
of periapical pathology.

CASE REPORT
A 24-year male presented with a history of discharging
sinus in the maxillary anterior region for 15 days. The
patient gave a history of trauma in the similar region
occurring 10 years back. On intraoral examination, there
was a diffuse swelling associated with teeth 11 and 12.
The swelling was soft to firm in consistency, adherent to
overlying mucosa and was accompanying a draining
sinus. Radiographically, an ovoid radiolucency was seen
in relation to periapex of teeth 11 and 12. Based on
these features, it was provisionally diagnosed as a
periapical cyst. An excisional biopsy was performed and
after routine processing and staining, the sections were
evaluated histopathologically in the Department of Oral
Pathology and Microbiology, KLE VK Institute of Dental
Science, Belgaum, India.

The microscopic analysis revealed dense inflammatory
infiltrate in the connective tissue stroma, composed
predominantly of plasma cells and lymphocytes,
suggesting chronicity of the lesion. Few foamy
macrophages and siderophages were also seen. To
our surprise, at a higher magnification, we observed
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Multiple Mott Cells in Periapical Lesion
of the Oral Cavity 

Manika Arora1, Karishma Desai2 and Deepa Mane2

ABSTRACT
An entity of bizarre plasma cells has been observed, containing spherical inclusions of immunoglobulins within the
cytoplasm. These cells are termed as Mott cells and are believed to occur commonly in cases of chronic inflammation.
Until now, they were reported to occur in systemic diseases, various hematolymphoid malignancies and in some
syndromes; but their occurrence in chronic periapical infections of the oral cavity, given the paucity of available literature,
raises questions about their obscure nature. In the present case report, a 24-year male presented with a draining sinus
and periapical lesion involving the maxillary right incisors. After clinical and radiographic examination, an excisional biopsy
sample of the periapical lesion was obtained. Histopathological examination revealed multiple bizarre Mott cells in the
connective tissue stroma.  The significance, nature or fate of these Mott cells is still unknown. Frequently overlooked or a
chance occurrence, the presence of these multiple Mott cells in chronic inflammatory lesions of the oral cavity could be of
some significance and demand increased awareness and further research.

Key Words: Chronic inflammation.   Immunoglobulins.   Mott cells.   Periapical lesions.   Plasma cells.   Russel bodies.
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numerous spherical eosinophillic bodies in the connective
tissue stroma scattered amidst these inflammatory cells.
On close observation, we found them to be clusters and
singly arranged well defined spherical eosinophillic,
refractile cells which appeared like inclusion bodies or a
group of Russel Bodies (Figures 1 and 2).  On shuffling
through limited available literature, we could identify
these bizarre cells as “Mott cells”. These Mott cells were
viewed and counted at higher magnification (40x) and
were found to be present singly or in clusters of 3 to 17
cells or one large cell with numerous inclusions (Figures
1 and 2). Based on the histopathological features and
the absence of a cystic lining, the lesion was diagnosed
as periapical granuloma. It was because of this intriguing
finding of Mott cells, that a case of routinely occurring
periapical pathology became worth reporting.

DISCUSSION
In 1890, the first description of Mott cells was attributed
to William Russell. He reported certain intracellular
inclusions in the peripheral regions of cancers and
claimed these bodies to be fungal in nature and
responsible for carcinogenesis.1 Although, sparse
literature is present describing their synthesis and
pathogenesis, a few authors explain these cells to be
lymphocytes that produce large amounts of immuno-
globulin contained mainly in large vesicles, the so-called
Russell Bodies. When viewed under the microscope,
Mott cells often appear to consist solely of aggregation
of Russell Bodies. These cells are considered to
represent an altered state of plasma cells at the end-
stage of B-lymphocyte development, which have a
distorted endoplasmic reticulum. Therefore, when
plasma cells produce immunoglobulin at a significantly
faster rate then it can be secreted. There will be
accumulation of these immunoglobulins in the lumen of
endoplasmic reticulum, which will form large vesicles to
give rise to the peculiar Mott cell phenotype. Therefore,
it can be assumed that the inability of  endoplasmic
reticulum to degrade the misfolded and unassembled
polypeptides of mutated IgM results in the conception of
these bizarre cells, which because of their relative
stability, are retained in the cell and are not discarded.2

Maldonado et al. proposed the involvement of the
endoplasmic reticulum and a similitude between Russel
Bodies and pancreatic secretory granules. He also
suspected Russel Bodies to be similar to the cells
described by Mott. Even though it has been accepted
that "Mott" cells (or Morula cells) and "Russell" cells are
essentially the same entities, their being is still under
perlustration.  Also, the possibility of these cells to be
intermediate stages of normal secretion is no longer
credible as the Mott cells associated with hybridomas
or the hybridoma cells with Russel Bodies secrete
minimal immunoglobulus or no immunoglobulus at all.3
Therefore, questions regarding the origin and occurrence
of these bizarre Russel Bodies have been raised.

Another school of thought explains their formation to be
associated with a genetic locus-microsatellite marker
(D4Mit70 & D4 Mit 48). Mott-1, in close proximity to the
locus lmh-1, is associated with hypergammaglobulinemia.
Mott cells express B220, CD5, CD43, CD11b.4

Observational studies regarding Mott cell formation
have been done in animals. It has been found that
formation of Russel Bodies is seen in mice and rabbits
as a result of antigenic stimulus, the nature of which is
unexplainable.5 Very recently, Cotter by examination
peripheral blood obtained from poultry, reported Mott
type plasmacytes in them. He associated the presence
of these Mott cells with inefficient immunity and stated
that these cells indicate an anomalous immune
response and are an indicator of stress.6

By far, reports have suggested the presence of Mott
cells in systemic and syndromic conditions such as
reactive plasmacytosis and neoplasms like large B-cell
lymphoma, Burkitts lymphoma, lymphoplasmablastic
lymphoma, multiple myeloma, Wiscott-Aldrich syndrome
and Von-Recklinghausen neurofibromatosis.7 Tazawa
and Tsutsumi in 1998 reported a case which, besides
showing inflammatory cells, also exhibited  polyclonal
Russell Bodies. This was named for the first time as
“Russell body gastritis".8 Also, the presence of a high
number of plasma cells with Russell Bodies in a patient
with Barrett's esophagitis has received an appellation of
Mott cell Barrett's oesophagitis.9

We came across the presence of these multiple bizarre
Mott cells in chronic, localized, periapical lesion of the
oral cavity reported in our department. Although this
entity has been brought to light by Giardino et al. in
pulpitis, but our case is the first to be reported in
periapical lesion in the literature.10 To our astonishment,
the presence of Mott cells was not confined to periapical
infections only. We observed such cells in cases of
osteomyelitis, lichen planus and cases of radicular cyst,
thereafter. Its association with such lesions suggest its
ambiguous relationship to chronicity of these diseases.
This raised more suspicion regarding the unusual
presence of Mott cells in these cases, and further
aroused our interest in it. The available literature
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Figure 1: Photomicrograph showing
arrows pointing towards Mott cells
which are spherical, eosinophillic,
refractile cells present singly or in
clusters in the connective tissue
stroma (H&E, 40X).

Figure 2: Photomicrograph showing
arrow pointing towards mulberry-
like cluster of Mott cells seen in the
connective tissue (H&E, 40X).



explains their nature and pathogenesis but fails to
explain their implication in lesions and the obscure fate.
Whether the presence of these cells is overlooked out of
ignorance or actually their existence holds a relationship
with the genesis of the lesion, are the questions which
still remain unanswered.

In the light of limited literature and meagre evidence,
further research is required to unveil the significance and
nature of these bizarre Mott cells in various lesions of
the oral cavity.
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CASE REPORT
A 58-year-old female patient presented with a complaint of non 
healing ulcer present on right mandibular gingiva since three months. 
The patient had visited a private dentist who performed incisional 
biopsy of the lesion and the histopathological report suggested 
well differentiated OSCC. After receiving this report the patient was 
guided to our institute. A thorough history and clinical information 
was recorded in the institute. The patient did not disclose any habit 
history. Oral examination revealed an ulcerated, reddish white, 
pebbly growth on the buccal and lingual aspect of right mandibular 
second molar. Panoramic radiograph of the patient showed 
irregular radiolucent lesion involving the alveolar bone around right 
mandibular second molar. With clinical presentation, radiographic 
evidence of bone invasion and histopathological report of OSCC, 
treatment planned was, hemimandibulectomy with ipsilateral Type 
II modified neck dissection.

The resected specimen [Table/Fig-1] along with ipsilateral Type II 
modified neck dissection was sent for histopathological diagnosis. 

Microscopically the lesion revealed a well differentiated stratified 
squamous epithelium forming multiple, complex, branching keratin 
filled crypts [Table/Fig-2a-c]. These crypts showed the characteristic 
burrowing pattern. The tumour cells in the crypts showed mild 
cytological atypia and few mitotic figures limited to basal and parabasal 
layers. The tumour islands were seen invading the bony trabaculae 
[Table/Fig-2d]. A diagnosis of OCC was made based on the above 
mentioned observations. The tumour margins were clear of the 
tumour tissue and none of the regional lymph nodes demonstrated 
metastasis. After two years of postoperative follow up, the patient 
continues to be clinically and radiographically disease free. 

DISCUSSION
OCC is a rare variant of OSCC [1,2]. Carcinoma cuniculatum was first 
described in the foot by Arid I et al., in 1954 [3]. But OCC was first 
described in oral cavity by Fliegar S and Owanski T in 1977 [4]. The 
diagnostic feature of OCC is well differentiated epithelial cells which 
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AbSTRACT 
Carcinoma cuniculatum is principally recognized as a variant of carcinoma involving foot. The World Health Organization (WHO) recognizes 
Oral Carcinoma Cuniculatum (OCC) as a distinct and rare clinicopathological variant of Oral Squamous Cell Carcinoma (OSCC). OCC 
is confused clinically and histologically with Verrucous Carcinoma (VC) and is often misdiagnosed as either VC or OSCC. To best of our 
knowledge, till date, only 50 cases of this tumour have been reported in oral cavity (including the present case) and only limited number 
of cases have been reported from Indian subcontinent. Pathognomonic feature of OCC is proliferation of stratified squamous epithelium 
and its infiltration into underlying stroma forming a complex pattern of keratin cores and keratin filled crypts. These complex crypts give 
it a likeness of rabbit burrow hence, the name cuniculatum (cuniculatus=‘rabbit warren’). The report aims to present a case of OCC of 
mandibular gingiva, discuss its diagnostic features and highlight its differences from VC and OSCC.

[Table/Fig-1]: Lingual view of resected hemimandibulectomy specimen is noted 
showing reddish white pebbly growth on the buccal and the lingual surface of right 
mandibular second molar, the inset shows occlusal view.

[Table/Fig-2a-d]: Photomicrographs showing: a) Deeply located branching crypts 
and keratin filled debris surrounded by squamous epithelium which resemble rabbit 
burrows; (H&E, 4X); b) Invasive front of cuniculatum (H&E, 4X); c) Keratin crypts sur-
rounded by well differentiated squamous epithelium showing minimal atypia (H&E, 
10X); d) Photomicrograph of decalcified section showing tumour islands invading 
in bone, arrow points the tumour island and * indicates the bone trabaculae (H&E, 
10X).
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authors num-
ber of 
cases

age/ 
Gender

Site preoperative 
Diagnosis/Initial 
Diagnosis

Fliegar 
S and 
Owanski 
T [4]

4 50/M Maxillary molar and sinus Osteomyelitis

60/M Maxillary molar region Tuberculosis

9/M Maxillary premolar region Not stated

69/F Hard palate Not stated

Kahn JL et 
al., [13]

3 62/M Maxillary alveolus and 
sinus

Cystic lesion

49/M Submandibular space Not stated

52/M Anterior floor of the 
mouth

Not stated

Delahaye JF 
et al., [14]

5 51/M Retromolar trigone Squamous cell 
carcinoma

55/M Tonsil, floor of the mouth Verrucous 
carcinoma

63/M Subglottic larynx  Not stated

31/M Hard palate Not stated

52/M Buccal mucosa Not stated

Huault M 
[15]

1 55/M Mandibular alveolus Hyperkeratotic 
papilloma

Allon D [1] 1 56/M Maxillary gingiva Giant cell lesion 
/Periodontal 
disease/
Malignancy 

Raguse JD 
[16]

1 81/F Mandible Osteomyelitis

Kruse AL 
and Graetz 
KW [17]

1 74/F Maxillary alveolus Squamous cell 
carcinoma

Hutton A 
[18]

1 7/M Maxilla Abscess

Pons Y et 
al., [9]

3 72/M Mandibular molar region Inflammatory 
granuloma

82/M Mandibular molar region Not stated

43/M Mandibular retromolar 
region

Keratocyst

Thavaraj S 
et al., [5]

1 61/M Tongue Not stated

Sun Y et 
al., [7]

15 Age-
44-92 
Gender: 
7 Male, 8 
Female

Tongue-8, Mandible-6, 
Oral vestibule-1

Not stated

Fonseca FP 
et al., [10]

2 62/M Anterior mandible Infected 
orthokeratinized 
keratocyst

Padilla RJ 
and Murrah 
VA, [6]

10

47/F Maxillary gingiva Osteomyelitis

65/M Mandibular gingiva Erythroleukoplakia

38/F Mandibular gingiva Benign 
proliferation

72/M Mandibular gingiva Not stated

81/F Maxillary anterior region Not stated

67/F Mandibular gingiva and 
buccal mucosa

Lichen planus/
Carcinoma

79/M Mandibular gingiva, 
vestibule

Not stated

88/F Maxillary ridge Not stated

75/F Mandibular gingiva/ridge 
and buccal mucosa

Hyperkeratosis

69/F  Mandibular alveolar 
region

Not stated

85/F Mandibular gingiva Not stated

Shakil M et 
al., [11]

1
63/F Not stated Not stated

Present 
case

1
58/F Mandibular gingiva Oral squamous 

cell carcinoma

authors num-
ber of 
cases

age/ 
Gender

Site preoperative 
Diagnosis/Initial 
Diagnosis

Total= 
50

[Table/Fig-3]: Overview of previously published cases of oral carcinoma cunicula-
tum.

[Table/Fig-4]: Differential diagnosis between carcinoma cuniculatum and ver-
rucous carcinoma.

Carcinoma Cuniculatum Verrucous Carcinoma

Aetiological Factors 
[1]

Alcohol, smoking Snuff and tobacco chewing

Age [1,4-18] 7-92 years 50-80 years 

Clinical Features 
[1,6,10]

Slow growing locally 
destructive; 
Blunt papillary/cobblestone 
surface;
Infiltrating

Slow laterally growing;
Broad warty, cauliflower-like 
growth;
Exophytic 

Radiological Features 
[10]

Deep invasion into the 
bone

Superficial bone erosion

Histopathological 
Features [1,6,10]

Well differentiated 
neoplastic cells with bland 
cytology and minimal 
cellular atypia;
Chiefly endophytic growth 
pattern;
Keratin filled crypts 
showing complex 
branching pattern are the 
hallmark of the tumour

Well differentiated neoplastic 
cells with bland cytology 
and minimal cellular atypia;
Principally exophytic, and 
endophytic growth pattern;
Vertical church-spire 
like keratinization and 
parakeratin plugging are the 
hallmark of the tumour

Immunohistochemical 
Findings [11]

Lesser expression of p53, 
Ki67 and p63;
Strong expression of E 
cadherin, Integrin α6, 
Laminin 5γ2

Strong expression of p53, 
Ki67 and p63;
Negative for E cadherin, 
Integrin α6 and less 
expression of Laminin 5γ2

Prognosis [7] Better than OSCC, not 
good when compared 
to VC

Better than OCC and OSCC

lack cytological atypia, exhibiting blunt papillary/pebbly surface and 
keratin filled crypts extending deep in the connective tissue [5,6]. 
These keratin filled crypts impart classic ‘rabbit burrow’ pattern to 
OCC. It has been noted that many pathologists are unacquainted 
with the lesion and the diagnostic criteria is not defined which has 
resulted in under-reporting of OCC. 

OCC has been identified with a plethora of synonyms including 
epithelioma cuniculatum, Busche-Lowenstein tumour and inverted 
verrucous carcinoma [2,6]. The array of synonyms, failure to rec-
ognize it as a distinctive variant of OSCC and general lack of 
awareness about the lesion added to the rarity of the tumour and 
are accountable for the fewer number of published cases of OCC. 
Owing to this the frequency of the tumour has been underestimated 
[1]. The causative factors like tobacco, alcohol, trauma and Human 
Papillomavirus (HPV) have been indicated as aetiologic agents 
[1,5-7]. The presence of HPV DNA was demonstrated in cutaneous 
carcinoma but the association of HPV and OCC has not been proved 
till date [1,5,6]. In a recent case series, OCC which had preceding 
premalignant lesion/condition has been reported, indicating a mul-
tistep malignant transformation of premalignant lesion/condition to 
OCC [8].

In the cases of OCC reported till date, the most common site 
affected was mandibular gingiva [1,4-18]. The clinicopathological 
profile of cases of OCC reported till date is depicted in [Table/Fig-3], 
A wide age range of 7-92 years has been reported and slight male 
preponderance is noted [Table/Fig-3]. But in two recent case series 
of OCC slight female predominance was observed [6,7]. OCC 
presents as sessile white to pink slightly pebbly/papillary surface. 
Bone invasion is hallmark of OCC which was exemplified in the 
present case. The bone erosion was noted radiographically and the 
tumour islands were noted histopathologically.
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Histologically, OCC is characterized by presence of keratin filled 
crypts which are lined by stratified squamous epithelium showing 
minimal cellular atypia [6]. Histological differential diagnoses include 
well differentiated OSCC and VC [1,6]. Burrowing pattern, keratin 
filled crypts, lack of obvious cellular atypia and bone invasion 
differentiate OCC from well differentiated OSCC [2]. Correlation with 
clinical and radiographic features is essential for diagnosis. 

OCC and VC demonstrate a peculiar overlap in their histological 
and clinical presentation, but they demonstrate a different biolo-
gical course [1,2,6]. Hence, differentiation of the two lesions is 
essential [Table/Fig-4]. Both the lesions present with exophytic and 
endophytic components. They exhibit minimal cytological atypia, 
well differentiated tumour cells and excessive keratin production. 
These similarities are the reason for OCC being misdiagnosed 
as VC. The exophytic component of OCC has a blunt papillary/
cobblestone appearance whereas, VC has vertical fronds or 
‘church spire-like’ structure [6,7]. Epithelial clefting and parakeratin 
plugging are hallmarks of VC whereas, OCC shows complex 
branching of keratin filled crypts. Pathognomonic feature of OCC is 
invasive epithelial component arranged in the form of keratin filled 
channels and cores which aids in diagnosing OCC [6,10]. VC has 
predominantly exophytic component but more restrained pushing 
front and it is limited to lamina propria [1]. On the other hand OCC 
burrows deep into underlying muscles and bone [1,6,8]. These 
features are evident in the present case. OCC is locally aggressive 
and distant metastasis is hardly reported [1]. 

The burrowing pattern has been acknowledged as a hallmark of this 
lesion. A recent study has reported higher expression of E-cadherin, 
Integrin α6 and Laminin 5γ2 in OCC than in OSCC and VC, which 
may be the reason for the peculiar burrowing pattern of this entity 
[12]. Laminin 5γ2 is associated with invasion, its strong expression 
in OCC may be a sign of invasion and deep burrows of the lesion 
[12]. Accumulation of E cadherin (which is responsible for cell-cell 
adhesion) in OCC is presumed to be a cause of branching crypt 
construction [12].

Sun Y et al., also found lesser expression of Ki-67, p53 and 
p63 in OCC as compared OSCC and VC, suggesting that OCC 
is less aggressive, thus proving its known biological behaviour 
immunohistochemically [12]. Prognosis of OCC is reported to be 
good despite of evidence of metastasis. These findings support that 
the biological behaviour of OCC is different from VC and OSCC. But 
whether its prognosis is better than VC is still to be understood. 

CONCLUSION
We reported a case of OCC, it is important to differentiate it from VC 
and OSCC and aspire to advance awareness of this distinct entity 

amongst pathologists. To reach to a correct diagnosis; deep biopsy, 
clinicopathological correlation is necessary and adequate sampling 
is essential. It is advisable that the clinicians furnish pathologists 
with clinical photograph to facilitate clinical correlation and provide 
generous biopsy from multiple sites if OCC is suspected and the 
pathologists are encouraged to procure extensive sectioning of the 
surgical specimen to aid in diagnosis. We also stress the need of 
establishing diagnostic criteria for OCC to distinguish it from VC.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is the tenth most 
common cancer in the world.[1] The diagnosis of  OSCC 
remains problematic, especially in advanced‑stage tumors. 
The metastasis of  OSCC is a complex process and is 
the major cause of  cancer deaths. Although there is an 

availability of  tests for early diagnosis, prognosis prediction 
and novel therapeutic strategies for OSCC, the 5‑year 
survival rate is still low and there is a necessity to identify 
valuable biomarkers.[1]

Paxillin is an adapter or scaffold protein, which helps in 
recruiting diverse cytoskeleton and signaling proteins into 

Evaluation of paxillin expression in patients with oral 
squamous cell carcinoma: An immunohistochemical study
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Original Article

Background: Oral squamous cell carcinoma (OSCC) is the tenth most common cancer in the world. The 
diagnosis of OSCC remains problematic, especially in advanced‑stage tumors.
Aims: The present study was conducted to understand the pattern of expression of paxillin in varying 
grades of carcinomas and also to ascertain whether its expression has an association with increasing grades.
Methods: A total of ninety formalin‑fixed paraffin‑embedded tissues of OSCC were included in the study 
comprising thirty cases of each of well‑differentiated squamous cell carcinomas, moderately differentiated 
squamous cell carcinomas (MDSCCs) and poorly differentiated squamous cell carcinomas (PDSCCs). The 
tissue sections were subjected to immunohistochemical staining of paxillin using super polymer‑sensitive 
polymer 3,3’ diaminobenzidine detection kit. All the three groups were analyzed on various parameters 
including staining intensity, location and percentage of staining. SPSS 19.0 was used to analyze the data.
Results: Paxillin stain positivity was observed in 95.5% of the cases. Predominant intense paxillin staining 
was demonstrated in 17 (56.6%) cases of well‑differentiated squamous cell carcinoma, 28 (93.3%) cases 
of  moderately differentiated squamous squamous cell carcinoma and 15 (50%) cases of PDSCC. A predominant 
cytoplasmic staining was observed in 21 (70%) cases of PDSCC and cytoplasmic plus membrane staining in 
14 (46.6%) cases of MDSCC.
Conclusion: The present study provides evidence that paxillin may be involved in the development and 
progression of OSCC. Thus, paxillin could be considered a useful biomarker for patient management and 
prognosis.

Keywords: Biomarker, oral squamous cell carcinoma, paxillin
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a complex and directs downstream signal transmission. 
It is a multidomain protein and localizes specifically to 
the cell adhesion sites of  the extracellular matrix called 
focal adhesions. Paxillin actively links actin filaments to 
integrin‑rich cell adhesion sites. The primary function 
of  the paxillin is to act as a molecular adapter or scaffold 
protein aiding in implementing changes in the organization 
of  actin cytoskeleton, which are important for cell motility 
associated with metastasis of  the tumor.

Various paxillin‑binding proteins have oncogenic 
equivalents, such as v‑Src, v‑Crk and Bcr‑Abl. These 
proteins may use paxillin both as a substrate and as a docking 
site to bypass the normal adhesion and the growth factor 
signaling cascades required to control cell proliferation.[2] 
Paxillin also plays a role in cell proliferation, survival and 
angiogenesis.[3] The expression of  paxillin promotes the 
tumor progression and metastasis of  laryngeal carcinoma,[4] 
salivary adenoid cystic carcinoma,[5] prostate carcinoma,[6] 
lung carcinoma,[7] human breast cancer,[8] colorectal cancer[9] 
and Kaposi’s carcinoma,[10] in which the overexpression is 
associated with lymph node metastases, advanced stage, 
decreased survival and poor prognosis.

However, the expression of  paxillin in the histological 
differentiation of  OSCC is not studied. Hence, this study 
was intended to evaluate and compare the expression of  
paxillin in different grades of  OSCC.

METHODS

In this retrospective study, tissue blocks of  OSCC 
samples were retrieved from the archives of  department 
of  oral pathology and microbiology. A total of  ninety 
formalin‑fixed paraffin‑embedded tissues (FFPE) of  
OSCC were included in the study comprising thirty 
cases of  each of  well‑differentiated squamous cell 
carcinoma (WDSCC), moderately differentiated squamous 
cell carcinoma (MDSCC) and poorly differentiated 
squamous cell carcinoma (PDSCC). The sample size 
was calculated based on the reported proportion of  
positivity (expression levels) in previous articles by Shi et al.[5]

Standard H&E staining method and immunostaining 
with antibody against paxillin were used in the study. 
FFPE 4‑µm sections were coated with  3‑(aminopropyl) 
triethoxysilane and deparaffinization was performed. The 
slides having tissue sections were treated two times with 
xylene for approximately 10 min each to remove paraffin 
and with alcohol for 5 min each to dehydrate the tissue. 
To retrieve the heat‑induced epitope, the slides were filled 
with citrate buffer and placed in an antigen retriever system. 

Two cycles of  12 min at 96°C were set. A staining trough 
containing slides was gently taken out when the cycles were 
complete and cooled until it attained the room temperature. 
The slides were washed in tris‑buffered saline (TBS) for 
5 min.

The slides were treated with hydrogen peroxide to block 
endogenous peroxidase activity and then incubated 
with primary monoclonal antibody against paxillin 
protein (monoclonal rabbit anti‑paxillin clone Y113) for 1 h 
in a humidifying chamber. The slides were then washed with 
wash buffer for 5 min. To promote the Ag‑Ab reaction, 
super enhancer was added and incubated for 20 min 
followed by two changes of  TBS for 5 min each. Slides 
were then incubated with poly horseradish peroxidase for 
30 min followed by two changes of  TBS for 5 min each.

S l ides  were  incubated wi th  f resh ly  prepared 
substrate‑chromogen solution for 10 min. Solution 
was prepared by mixing 25 µL of  concentrated 3,3’ 
diaminobenzidine in 500 µL of  substrate buffer for ten 
slides. This step enables visualization of  antigen–antibody 
reaction.

Harris hematoxylin was used to counterstain the slides for 
1 min. The slides were then dehydrated and mounted with 
DPx.[11] Location, intensity and percentage of  staining were 
analyzed and scored.[12]

The criteria used to define the percentage of  positive cells 
with paxillin expression were set. Percentage staining score 
of  0 was considered to be negative reaction, 1 was given 
for 1%–25% positive reaction, 2 for 26%–50% positive 
reaction and 3 was given for ≥50% positive reaction. 
Furthermore, the criteria used to define intensity were set. 
The intensity score of  0 was considered to be absence of  
staining, 1 was considered to be mild staining and 2 was 
considered to be intense staining. Similarly, the criteria used 
to define location were also fixed. The location score of  1 
was considered to be cytoplasmic and 2 was considered to 
be cytoplasmic + membrane.   SPSS software version 19.0 
(California state university, Northridge, USA) was used to 
analyze the data. Chi‑square test was used to analyze the 
association of  the intensity, location and percentage of  
positivity with different study groups.

RESULTS

The present study was conducted to determine the 
expression of  paxillin among different grades of  OSCC. 
A total of  ninety biopsy specimens of  OSCC were 
stained using paxillin antibody and analyzed. Paxillin stain 
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positivity was observed in 95.5% of  the cases. Among 
the study groups, WDSCC demonstrated stain positivity 
in 29 (96.6%) cases, MDSCC showed stain positivity 
in 30 (100%) cases, while PDSCC demonstrated stain 
positivity in 27 (90%) cases.

MDSCC demonstrated both predominant intense 
staining and also a very minimal mild staining. One case 
of  WDSCC and three cases of  PDSCC demonstrated 
absence of  staining. A statistically significant difference 
in intensity was observed between the groups WDSCC 
versus MDSCC (P = 0.004) and between MDSCC versus 
PDSCC (P = 0.0008).

Based on the absence of  the staining (0), cytoplasmic 
(1, C) staining and combined cytoplasmic and membrane 
(2, C + M) staining, the location of  the paxillin was assessed. 
Cytoplasmic staining was predominant in 21 (70%) cases of  
PDSCC grade and cytoplasmic + membrane staining was 
maximum in 15 (50%) cases of  WDSCC grade. However, 
16 (53.3%) cases showed cytoplasmic and 14 (46.6%) cases 
showed cytoplasmic and membrane staining in MDSCC 
grade [Figure 1]. Absence of  staining was observed 
in 1 (3.3%) case of  WDSCC and in 3 (3.3%) cases of  
PDSCC grade. On intergroup comparison, WDSCC versus 
PDSCC (P = 0.04) and MDSCC versus PDSCC (P = 0.0321) 
demonstrated a significant difference. Cytoplasmic staining 
showed a statistically significant increase with decrease in 
the grade of  differentiation (P = 0.041).

When the percentage d i f ferences  of  paxi l l in 
immunohistochemical staining were studied, >50% 
positivity for immunostaining was demonstrated in majority 
of  the cases, that is, 27 (90%). An increased percentage of  
positivity with increasing grade was observed (WDSCC 
demonstrated positivity in 19 [63.3%] cases). On intergroup 
analysis, a statistically significant difference was observed 
between MDSCC and PDSCC (P = 0.05) groups [Table 1].

DISCUSSION

In the present study, OSCC samples had increased 
expression of  paxillin protein in all the three groups, which 
suggested the crucial role of  paxillin in oral carcinogenesis. 
The expression observed in the present study was 
marginally higher than that reported in studies of  colorectal 
cancer (80%),[12] lung adenocarcinoma (69%)[7] and breast 
carcinoma (80%).[8] This could possibly be due to the 
important role of  paxillin in OSCC and its pathogenesis. 
However, another study by Vadlamudi et al. revealed a 
strong association of  coexpression of  the human epidermal 
growth factor receptor 2 (HER2)/HER3 receptors with 
paxillin in breast cancer cell line.[8]

In the present study, a progressive increase of  paxillin 
expression in WDSCC and MDSCC and a reduction 
in PDSCC were observed. A similar study conducted 
by Panousis et al. reported the adhesive role of  paxillin 
in less aggressive neoplasms when compared to 
aggressive phenotypes. The study suggested that paxillin 

Table 1: Comparison of intensity, localization and percentage of staining within various groups
Parameter Properties WDSCC (%) MDSCC (%) PDSCC (%) P

WDSCC versus 
MDSCC

WDSCC versus 
PDSCC

MDSCC versus 
PDSCC

Staining intensity Absence 1 (3.33) 0 3 (10) 0.004 0.562 (NS) 0.0008
Mild 12 (40) 2 (6.6) 12 (40)
Intense 17 (56.6) 28 (93.3) 15 (50)

Location Absent 1 (3.3) 0 3 (10) 0.55 (NS) 0.041 0.0321
Cytoplasmic 14 (46.6) 16 (53.3) 21 (70)
Cytoplasmic + membrane 15 (50) 14 (46.6) 6 (20)

Percentage of positivity Absent 1 (3.3) 0 3 (10) 0.069 0.30 (NS) 0.05
1%-25% 7 (23.3) 1 (3.3) 3 (10)
26%-50% 3 (10) 2 (6.6) 6 (20)
>50% 19 (63.3) 27 (90) 18 (60)

NS: Not significant, WDSCC: Well‑differentiated squamous cell carcinoma, MDSCC: Moderately differentiated squamous cell carcinoma, 
PDSCC: Poorly differentiated squamous cell carcinoma

Figure 1: High power view of well‑differentiated (a), moderately 
differentiated, ×40 (b) and poorly differentiated, ×40 (c) squamous cell 
carcinoma showing intense paxillin staining, ×40

c

ba
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overexpression may be associated with less aggressive 
phenotype, and a decrease in expression with increased 
grade of  differentiation was noticed.[13]

When the intensity of  the staining was evaluated among 
the study groups, an intense paxillin staining was 
reported in all the three groups. Although most of  the 
studies have not studied the intensities alone, they have 
reported the percentage and score of  intensity. Increase 
in the intensity of  staining was consistent with the 
studies, which were conducted on breast,[8] colorectal[9] 
and gastric carcinomas.[12] The low levels and absence 
of  staining, which were observed in PDSCC, and the 
predominant intense staining in MDSCC, were consistent 
with the reports of  certain human lung cancers and liver 
metastasis.[14] The increased adhesion ability is suggested 
to be associated with the paxillin overexpression and its 
function in downregulation in tumor cell suppression and 
enhancing the survival.

When the location of  the paxillin was assessed, a 
significant increase was observed in the percentage 
of  cytoplasmic staining with decrease in the grade of  
differentiation (P = 0.041). A study conducted by Shi et al.[5] 
showed the upregulation of  paxillin expression in salivary 
adenoid cystic carcinoma while cytoplasmic staining was 
recognized in 57% of  salivary adenoid cystic carcinoma, 
which was significantly associated with clinical stage and 
metastasis (P < 0.05). The membrane staining reported 
in the present study was similar to results observed in a 
study conducted by Madan et al.[15] with 60% of  invasive 
breast carcinomas demonstrated with membranous paxillin 
expression.

MDSCC and PDSCC demonstrated the paxillin expression 
throughout the tumor cells; however, the WDSCC 
demonstrated paxillin expression only in the peripheral cell 
and the expression was not evident in central keratinizing 
areas. This might be due to the fact that peripheral cells 
represent the proliferative component, and the positivity of  
the paxillin may be recognized to the activation of  GTPases 
of  both Ras and Rho families, including Rap1, Rac1, Cdc42 
and Rho GTPases involved in various functions including 
cell proliferation, cell survival and migration.[12]

When the paxillin expression was evaluated for the 
percentage of  cell exhibiting positivity, >50% of  positivity 
for paxillin immunostaining was demonstrated in majority 
of  the cases in all the study groups. It was observed that 
increased percentage of  positivity was demonstrated 
with increasing grade. This was correlated to the study 
conducted by Shi et al.[5] in which most of  the expression 

was recognized as cytoplasmic staining and associated 
with clinical stage and distant metastasis, but not with 
histologic type.[5]

A study conducted by Chen et al.[9] showed the deregulation 
of  paxillin gene involving in the metastasis and progression 
of  different malignancies with colorectal cancer. Among 
247 cases evaluated, positive paxillin staining was observed 
in 80.1% of  the cases while no or weak staining was 
observed in the neighboring noncancerous area. However, 
in the present study, 90% of  positive cells were observed in 
MDSCC. The study also showed upregulation of  paxillin 
in gastric carcinoma tissues and cell lines as compared to 
the normal gastric epithelial cell lines. The present study 
also showed the similar progressive increase in the paxillin 
expression in the different grades of  OSCC.

Other findings of  the study showed that the paxillin 
expression was evident in the nontumorous tissues 
including the muscle, nerve, endothelial cells and the 
inflammatory infiltrate, which were associated with the 
tumors [Figures 2‑5]. A study conducted by Yuminamochi 
et al.[16] showed expression of  paxillin in skeletal and 
cardiac muscles, which also showed the  widespread 
nature of  paxillin in muscle and nonmuscle tissues. 
This was similar to the present study in which the 
paxillin expression was seen in striated muscles. A study 
conducted by Leventhal et al.[17] stated the role of  paxillin 
in regulation of  neurite outgrowth by regulating the cell 
morphology since it is a tyrosine‑phosphorylated protein. 
This was in accordance to the present study, which 
showed positivity in the nerve tissue. Further, a study 
conducted by Parsons et al.[18] depicted the role of  paxillin 
in adaptable neutrophil transmigration. The present 
study also showed the positivity of  paxillin expression 
in inflammatory infiltrate.

Figure 2: Muscle fibers showing intense paxillin immunoexpression, ×40
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CONCLUSION

The present study provides evidence that paxillin may be 
involved in the development and progression of  OSCC 
by altering the adhesive properties of  the tumor cells 

interacting with the extracellular matrix, which in turn 
affects their invasive behavior and histologic differentiation. 
Thus, paxillin could be considered a useful biomarker 
for patient management and prognosis. However, the 
current investigation only concerned a restricted number 
of  patients and relatively few clinical events, limiting our 
ability to draw more precise conclusions. Further advanced 
studies should make use of  a larger patient group to assess 
paxillin activity and to study the exact mechanism of  the 
pathogenesis of  OSCC and its implication in management 
strategies.
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Original Article

INTRODUCTION

The immunohistochemical (IHC) technique is widely 
performed in formalin‑fixed tissues. The applications of  

IHC on human tissues are the key determinants in various 
clinical and medical researches. Since the discovery of  several 
biomarkers, IHC has taken over as the “Brown Revolution” 

Background: Immunohistochemistry (IHC) is a molecular technique that has grown tremendously over 
the years. However, the assessment is only qualitative which is subjective and causes errors. Due to this 
limitation, several excellent markers have not gained importance and reached clinical trials. Hence, we 
aimed to quantify IHC by ImageJ analysis with a novel IHC profiler plugin. ImageJ has not been tried in oral 
precancerous tissues with minimal attempt for matrix markers.
Aim: This study aimed to validate the quantification of immunoexpression of tenascin‑C (TN‑C) in oral 
precancerous tissues and oral squamous cell carcinoma (OSCC) using ImageJ software with IHC profiler plugin.
Materials and Methods: After IHC staining for TN‑C and image acquisition, ImageJ analysis was performed as per 
the standard recommended algorithm. Assessment was done by two observers by blinding the histopathological 
diagnosis. The immunoscore was assessed for interobserver variability using Kohen’s kappa statistics.
Results: All our cases were in agreement and found to be statistically significant with P < 0.005. Moderate 
agreement was for mild dysplasia, moderate dysplasia and oral lichen planus. Substantial agreement was 
for oral submucous fibrosis and OSCC and almost perfect agreement noted for cases of severe dysplasia.
Conclusion: IHC can now be quantified using freely downloadable software ImageJ analysis in oral 
precancerous tissues and OSCC. This software with good threshold control can quantify matrix marker such 
as TN‑C. Hence, herewith, we propose that IHC markers should be quantified using ImageJ by our entire 
oral pathology fraternity so as to have a standard immunoscore for all markers.

Keywords: ImageJ, immunohistochemistry, immunohistochemistry profiler plugin, tenascin‑C
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from the past four decades. This revolution has lead to the 
development of  several epithelial and connective markers, 
detected in nuclear, cytoplasm, membranous, or matrix 
markers. Some of  the markers had contributed as diagnostic 
and some as prognostic determinants. The interpretation of  
IHC is based on overall staining intensity (0, +, ++, +++) 
and proportion of  neoplastic tissue stained (0%–25%, 
26%–75% and >75%).[1] It was first developed by McCarty 
et al.,[2] which was called H score and later modification of  
this was developed by Harvey et al. under the name Allred 
or quick score.[3] Nevertheless, IHC is considered as a 
special stain to detect particular marker, but “how much 
the stain is there?” relies only on qualitative analysis by an 
experienced pathologist. However, IHC analysis is now 
considered as a “semiquantitative” analysis, depicting some 
features of  “quantitative” like semiprecious interpreted for 
not precious, but still remains inappropriate.[4]

Manual assessment of  IHC markers with naked eye 
using light microscopy illustrates high variability in the 
assessment of  staining quality and prone to error. The 
advancement of  IHC has led to tissue microarrays, 
advantage of  assessment of  many markers simultaneously 
on one microarray. However, there still remains bias in 
estimation and it remains subjective, time consuming 
and expensive. To meet the larger cancer hospitals, these 
manual methods continue to be a nonstandard mode of  
interpretation.[5]

Contrary to this, many of  the laboratory investigations 
performed are of  quantitative assays, which can be easily 
correlated to clinical signs and symptoms such as blood 
sugar, hemoglobin estimation, calcium, hormone and 
vitamins levels. Most of  these assays are considered to 
be gold standard, and clinical interventions are purely 
based on these laboratory results. Due to limitations in 
the interpretation of  IHC, the available excellent markers 
are not able to assess as prognostic determinants or could 
reach the stage of  clinical trials. To standardize the IHC 
interpretation, several computer-assisted staining estimations 
of  IHC biomarkers in formalin‑fixed tissues using software 
programs have been developed. The scoring calculations 
of  these programs are based on modern cellular imaging 
systems. Some of  the widely used software used for IHC 
analysis are TMARKER,[5] Multiplex IHC and Multispectral 
Image Analysis,[6] Spin Context Localization Method,[7] 
Micrometastasis Detection System (MDS),[8] AQU Analysis,[9] 
Fiji,[10] CMYK model,[11] VORSTAIN software (BC Cancer 
research center Vancover, Canada),[12] and many more.

However, many of  these software systems are expensive 
or require hardware attachments for image capture and 

analysis. The quantification analysis by these methods 
depends on threshold adjustment, but this itself  leads to 
variability and can become subjective. Moreover, many of  
these software are helpful in quantifying either nuclear or 
cytoplasmic immunoexpression. Till date, evaluation of  
connective tissue/matrix markers has not been attempted 
using software. Hence, to overcome these limitations, 
we explored quantifying immunoexpression of  matrix 
molecule tenascin‑C (TN‑C) using free open software 
ImageJ (ACTREC, Navi Mumbai, India) analysis with a 
novel plugin IHC profiler.

MATERIALS AND METHODS

A total of  100 cases of  oral precancerous and cancerous 
tissues were included in the present study. It includes 
twenty cases each of  mild dysplasia, moderate dysplasia, 
oral submucous fibrosis and oral lichen planus and ten 
cases each of  severe dysplasia and oral squamous cell 
carcinoma (OSCC). The present study is a part of  a major 
project to evaluate the role of  TN‑C among 550 cases of  
oral precancerous and cancerous tissues after appropriate 
sample size calculation. The present sample includes only 
validating the ImageJ analysis for IHC profiler plugin.

Immunohistochemistry protocol
The sections were taken on gel-coated slides and 
were stained with IHC using PolyExcel/horseradish 
peroxidase/diaminobenzidine (DAB) Detection System 
(Cat# No.: PEH2‑6 ml, Genepulse Scientific, Bengaluru, 
India) and rabbit monoclonal anti‑TN‑C antibody 
(EPR4219, ab108930, Abcam) at 1:100 dilution with 
phosphate‑buffered saline. Slides were deparaffinized, 
dehydrated through graded alcohols and rinsed with 
distilled water. For every step of  IHC, tris‑phosphate buffer 
was used as the wash buffer (Genepulse Cat# No.: PS006). 
Excess wash buffer was removed by blotting with tissue 
paper and care was taken to prevent drying of  the sections. 
Endogenous peroxidase activity was blocked by incubating 
the slides with 3% H2O2 for 10 min. Antigen retrieval was 
performed by heat-induced epitope retrieval using citrate 
buffer (Genepulse, Cat# No.: PS007) at pH 6.0, at 96°C 
for three cycles in an EZ Retrieval Microwave (BioGenex, 
Hyderabad, India). Sections were removed from the citrate 
buffer, cooled to room temperature and then incubated for 
1 h with primary antibody. Sections were then incubated 
with the biotinylated secondary antibody with polymerase 
chain background for 30 min in a humidified chamber. To 
visualize the reaction, slides were incubated with DAB for 
10 min, and then counterstained with Harris hematoxylin 
for 30 s, followed by bluing in running tap water. Finally, 
the slides were dehydrated, dipped in xylene and mounted.
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Image acquisition
Images were captured using binocular Leica research light 
microscope (Leica™ DM2500) at bright field. Images were 
captured at ×10 magnification using CCD color video 
camera (Leica DFC320) attached to a computer system. 
The field was selected with a good contrast of  DAB 
chromogen and hematoxylin which is considered region 
of  interest. All the images were acquired using Leica 
application software version 3.5.0 (Germany) which was 
installed within the computer. Before capturing the images, 
the color density and white balance were standardized for 
all images. All the acquired images were saved as JPEG 
format.

ImageJ analysis
The ImageJ is a free software, downloaded from the 
internet of  the recent version of   ImageJ 1.48 version 
(NIH, Bethesda, Maryland) (Java 1.8.9_66). After IHC 
staining for TN‑C by a standard recommended protocol 
and image acquisition, ImageJ analysis was performed. 
Validation of  ImageJ analysis for matrix protein TN‑C 
was performed by two observers who are experienced 
pathologists. Quantification of  immunoscore of  all 
the images was blinded for histopathological diagnosis. 
Prior to start up with the analysis, both the observers 
gained knowledge in the use of  ImageJ with IHC profiler 
plugin and the controlling of  threshold level was skilled 
and maintained without much adjustments by both the 
observers. After being skilled in the use of  software, 
standard recommended protocol as per Varghese et al. 
was followed.[13]

The installed ImageJ software was opened; saved image 
was dragged and inserted in the software. In the tool 
bar, “plugins” was opened and clicked for IHC profiler 

plugin [Figure 1]. Then, a dialog box opens with the options 
of  cytoplasmic-stained image or nuclear-stained image. 
These are two operation modes which are newly installed 
in IHC profiler plugin. The cytoplasmic mode selects only 
DAB cytoplasmic stain and it does not have any option for 
selecting the area of  stained part of  the image. The nuclear 
mode not only selects the nuclear-stained DAB, but it also 
selects any part of  the image with DAB immunoreaction. 
All our images are of  matrix immunoexpression of  TN‑C, 
either expressed predominantly at epithelial connective 
tissue interface in precancerous tissues or around the tumor 
islands. Hence, we worked with nuclear mode which has a 
selection option. After clicking the nuclear mode, the dialog 
box for color deconvolution opens with the vector H DAB, 
and then the image installed gets deconvoluted into three 
red, green, blue channels of  images with separation of  only 
hematoxylin, only DAB immunoreaction image and other 
image with only highlighted DAB immunoreaction. The 
threshold was maintained standard, without any adjustment. 
In the edit tool, the option “create selection” was clicked; 
the highlighted DAB immunoreaction got selected 
[Figure 2]. In the plugin option, IHC macro was pressed to 
get the quantification of  immunoreaction as a log score of  
high positive, positive, low positive, negative, final core and 
also with histogram [Figure 3]. All the deconvoluted images, 
histogram and log score were saved as JPEG images in a 
separate folder [Figures 4‑7]. The quantified immunoscore 
was entered into an Excel spreadsheet. The validation of  
immunoscore of  both the observers was done using SPSS 
software version 22 (Standard statistical analysis software) 
by implementing Kohen’s kappa statistics (slight agreement: 
0–0.2, fare agreement: 0.21–0.4, moderate agreement: 
0.41–0.6, substantial agreement: 0.61–0.8 and almost 
perfect agreement: 0.81–1), with P < 0.005 was considered 
statistically significant.

Figure 1: Photomicrograph of the ImageJ software showing 
immunohistochemistry profiler plugin

Figure 2: Photomicrograph of the ImageJ software showing the 
selection of “create selection” option
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RESULTS

On observing the interobserver variability using kappa 
values of  quantified immunoscore of  TN‑C, we observed 
that all our cases were in agreement and found to be 
statistically significant with P < 0.005. Moderate agreement 
was for mild dysplasia, moderate dysplasia and oral lichen 
planus. Substantial agreement was for oral submucous 
fibrosis and OSCC and almost perfect agreement was noted 
for cases of  severe dysplasia. Hence, from this inference, 
we could substantiate that immunoscore of  matrix protein 
TN‑C can be estimated using ImageJ analysis with IHC 
profiler plugin [Figures 4-7 and Table 1].

DISCUSSION

ImageJ software is a freely available program which is 
based on Java public domain image processing system 

which was first developed at the National Institute of  
Health Rasband et al.[13] This software is considered to 
be the standard software for quantification of  markers. 
ImageJ has been modified, and several plugins have been 
incorporated to aid in wider applicability. One such plugin 
is IHC profi ler with IHC profiler macro which helps in 
quantifying the immunoexpression of  markers.[13] TN‑C is 
one of  the large extracellular matrix proteins, which plays a 
very important role in cancer progression, neoangiogenesis 
and metastasis. TN‑C has also reached the stage of  clinical 
trials in other systemic malignancy, but it has been not 
much explored in oral precancer and OSCC.[14,15] As 
ImageJ is widely used for cancerous tissues, moreover 
it has not been used for connective tissue markers, we 
aimed to validate TN‑C by ImageJ in oral precancer and 
cancer tissues.

It has been suggested that in the context of  effective disease 
management, the value of  clinical test is very important. 
Similarly, by detecting the amount of  estrogen receptor in 
breast cancer can help identify patients who can be beneficial 
with the hormonal therapy. Due to controversial facts in 

Figure 3: Photomicrograph of the ImageJ software showing the 
selection of immunohistochemistry profiler macro option

Figure 4: Photomicrograph of immunohistochemistry image of tenascin‑C (a), deconvoluted images (b‑d), highlighted and selected 
immunoexpression (e), histogram and log of quantified immunoexpression of tenascin‑C in oral epithelial dysplasia (f)

a b c

d e f

Table 1: The Validation of Immunoexpression of TN-C in Oral 
Pre Cancer and Cancer using Image J Analysis with IHC Profiler 
Plugin
Cases Number 

of cases
Kappa 
Value

P value Agreement

Mild Dysplasia 20 0.502 < 0.001 Moderate
Moderate Dysplasia 20 0.583 <0.009 Moderate
Severe Dysplasia 20 1 <0.001 Almost Perfect
OSMF 20 0.667 <0.001 Substantial
OLP 20 0.414 0.003 Moderate
OSCC 20 0.615 0.035 Substantial
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manual interpretation of  IHC markers, hormonal therapy 
has not been successful in all patients.[16] Moreover, the 
standardization of  IHC analysis is the need of  biomedical 
research. In a very short period of  time within a year, novel 
automated unsupervised algorithm was tried on estrogen 
and progesterone receptors’ expression in the breast cancer 
tissue based on MatLab 7 (Mathworks, Apple Hill Drive, MA, 
USA). The authors were successful in assessing larger cohort 
breast cancer patients and proposed that this algorithm could 
achieve new prognostic and predictive values for hormonal 
therapy. Hence, this digital novel approach has proposed for 
the future as a personalized medicine.[17]

Digital scoring systems can be standardized and 
implemented for uniform immunoscore with minimal 
interobserver variability. Ellis et al. analyzed human 
epidermal growth factor receptor 2 status in breast 
cancer by standard HercepTest, fluorescence in situ 
hybridization (FISH) and digital scoring by MDS™. 
They found that MDS system is reliable and accurate 
compared to visual scoring and FISH scoring. Fuhrich 
et al. compared the digital histological score (D‑HSCORE) 
using ImageJ with manual HSCORE for endometrial 
β3 integrin expression by IHC. They observed that 
even the less experienced researcher could efficiently 

Figure 5: Photomicrograph of immunohistochemistry image of tenascin‑C (a), deconvoluted images (b‑d), highlighted and selected 
immunoexpression (e), histogram and log of quantified immunoexpression of tenascin‑C in oral lichen planus (f)

a b c

d e f

Figure 6: Photomicrograph of immunohistochemistry image of tenascin‑C (a), deconvoluted images (b‑d), highlighted and selected 
immunoexpression (e), histogram and log of quantified immunoexpression of tenascin‑C in oral submucous fibrosis (f)
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d e f
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score D‑SCORE using ImageJ with 0% interobserver 
variation, whereas 50% variability was found in manual 
HSCORE.[18] The present research is in accordance 
with the literature with agreement between both the 
pathologists from moderate, substantial to almost 
perfect agreement with statistical significance. We also 
observed that ImageJ can also be used for precancerous 
tissues and also for matrix markers such as TN‑C. We 
also observed that the intensity of  immunoexpression 
of  TN‑C can be quantified even if  the score is low 
positive in precancerous and cancerous tissues, but the 
score was found to be in higher denomination in OSCC 
[Figures 4f, 5f, 6f  and 7f]. Discrepancies observed by 
manual scoring can be improvised by digital scoring for 
intensity of  expression of  all IHC markers.

Currently, there are several platforms for digital scoring 
systems as mentioned earlier, but appropriate control 
of  threshold is very important. Helmy and Azim in 
their research to determine the efficacy of  ImageJ in the 
assessment of  apoptosis suggested that ImageJ is one of  the 
standard useful tools and contributes a lot in spite of  being 
free software.[19] IHC profiler plugin which is compatible to 
ImageJ software showed an accuracy of  88.6% compared 
to manual scoring. It has also been suggested that, in the 
view of  biological variations in the human tissue samples 
with slight discrepancies in the staining protocol, still 
this percentage is excellent in applicability in research. As 
most of  the available software have been tried with only 
single marker, this IHC profiler plugin has been tried with 
multiple markers with multiple malignancies.[20] Moreover, 
the threshold can be controlled with this novel plugin so as 

to minimize interobserver variability. Nevertheless, ImageJ 
can be used efficiently for all nuclear, cytoplasmic and also 
for matrix markers, but it has only limitation in its use for 
membrane-immunoexpressed markers, and the percentage 
of  expression of  markers cannot be assessed.

CONCLUSION

Our research is the first of  its kind in the implementation 
and validation of  ImageJ with IHC profiler plugin which 
has been till now not tried in precancerous tissues and also 
for assessment of  matrix markers. Hence, by our present 
research, we propose that:
• ImageJ analysis with IHC profiler plugin can be 

used even in precancerous tissues and also can be 
implemented in the assessment of  matrix markers

• Nevertheless, TN‑C, the molecule which is a 
multifunctional and mysterious protein, which can 
be assessed by its functional role and prompt its 
application in clinical trials, can now be uniformly 
assessed throughout the world by ImageJ analysis with 
IHC profiler plugin

• There are tremendous research projects which are 
based on IHC in the field of  dentistry, especially 
in the specialization of  oral pathology. Hence, we 
would like to propose that ImageJ with IHC profiler 
plugin can be widely used in our entire oral pathology 
fraternity so as to have a standard scoring system with 
very minimal interobserver variability in analyzing IHC 
markers on formalin‑fixed tissues

• IHC markers can now be uniformly assessed for 
intensity by ImageJ with IHC profiler plugin for all 

Figure 7: Photomicrograph of immunohistochemistry image of tenascin‑C (a), deconvoluted images (b‑d), highlighted and selected 
immunoexpression (e), histogram and log of quantified immunoexpression of tenascin‑C in oral squamous cell carcinoma (f)
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kinds of  nuclear, cytoplasmic and promising matrix 
markers such as TN‑C.

Acknowledgment
We would like to acknowledge Dr. Praveen Arany, Professor 
at University of  Buffalo, for recommending the usage 
of  ImageJ analysis and providing the study material and 
software to initiate our study. We also sincerely thank 
Amirali Bhukhari, Abhijit De and Chetan Ahire from 
Advanced Centre for Training, Research and Education in 
Cancer, Navi Mumbai, who have developed IHC profiler 
plugin and also we thank them for training the authors for 
the use of  this software.

Financial support and sponsorship
The authors declare that this project is a part of  funded 
project by the Vision Group on Science and Technology, 
Government of  Karnataka, India. This grant was under 
the seed money for young scientist researcher (SMYSR) 
2014, Grant Number: GRD 430.

Conflicts of interest
There are no conflicts of  interest.

REFERENCES

1. Hsu SM, Raine L, Fanger H. Use of  avidin-biotin-peroxidase 
complex (ABC) in immunoperoxidase techniques: A comparison 
between ABC and unlabeled antibody (PAP) procedures. J Histochem 
Cytochem 1981;29:577‑80.

2. McCarty KS Jr., Szabo E, Flowers JL, Cox EB, Leight GS, Miller L, 
et al. Use of  a monoclonal anti-estrogen receptor antibody in the 
immunohistochemical evaluation of  human tumors. Cancer Res 
1986;46 8 Suppl:4244s-8s.

3. Harvey JM, Clark GM, Osborne CK, Allred DC. Estrogen receptor 
status by immunohistochemistry is superior to the ligand-binding assay 
for predicting response to adjuvant endocrine therapy in breast cancer. 
J Clin Oncol 1999;17:1474‑81.

4. Taylor CR, Levenson RM. Quantification of  immunohistochemistry – 
Issues concerning methods, utility and semiquantitative assessment II. 
Histopathology 2006;49:411-24.

5. Schüffler PJ, Fuchs TJ, Ong CS, Wild PJ, Rupp NJ, Buhmann JM. 
TMARKER: A free software toolkit for histopathological cell counting 

and staining estimation. J Pathol Inform 2013;4:S2.
6. Oguejiofor K, Hall J, Slater C, Betts G, Hall G, Slevin N, et al. Stromal 

infiltration of  CD8 T cells is associated with improved clinical outcome 
in HPV‑positive oropharyngeal squamous carcinoma. Br J Cancer 
2015;113:886-93.

7. McKenna SJ, Amaral T, Akbar S, Jordan L, Thompson A. 
Immunohistochemical analysis of  breast tissue microarray images 
using contextual classifiers. J Pathol Inform 2013;4:S13.

8. Ellis CM, Dyson MJ, Stephenson TJ, Maltby EL. HER2 amplification 
status in breast cancer: A comparison between immunohistochemical 
staining and fluorescence in situ hybridisation using manual and automated 
quantitative image analysis scoring techniques. J Clin Pathol 2005;58:710‑4.

9. Klimowicz AC, Bose P, Nakoneshny SC, Dean M, Huang L, 
Chandarana S, et al. Basal Ki67 expression measured by digital image 
analysis is optimal for prognostication in oral squamous cell carcinoma. 
Eur J Cancer 2012;48:2166‑74.

10. Schindelin J, Arganda‑Carreras I, Frise E, Kaynig V, Longair M, 
Pietzsch T, et al. Fiji: An open-source platform for biological-image 
analysis. Nat Methods 2012;9:676-82.

11. Shu J, Dolman GE, Duan J, Qiu G, Ilyas M. Statistical colour models: 
An automated digital image analysis method for quantification of  
histological biomarkers. Biomed Eng Online 2016;15:46.

12. Guillaud M, Matthews JB, Harrison A, MacAulay C, Skov K. A novel 
image cytometric method for quantitation of  immunohistochemical 
staining of  cytoplasmic antigens. Anal Cell Pathol 1997;14:87‑99.

13. Schneider CA, Rasband WS, Eliceiri KW. NIH image to imageJ: 25 years 
of  image analysis. Nat Methods 2012;9:671-75.

14. Midwood KS, Hussenet T, Langlois B, Orend G. Advances in tenascin‑C 
biology. Cell Mol Life Sci 2011;68:3175‑99.

15. Chiquet‑Ehrismann R, Tucker RP. Connective tissues: Signalling by 
tenascins. Int J Biochem Cell Biol 2004;36:1085‑9.

16. Nadji M. Quantitative immunohistochemistry of  estrogen receptor in 
breast cancer: “Much ado about nothing!” Appl Immunohistochem 
Mol Morphol 2008;16:105-7.

17. Rexhepaj E, Brennan DJ, Holloway P, Kay EW, McCann AH, 
Landberg G, et al. Novel image analysis approach for quantifying 
expression of  nuclear proteins assessed by immunohistochemistry: 
Application to measurement of  oestrogen and progesterone receptor 
levels in breast cancer. Breast Cancer Res 2008;10:R89.

18. Fuhrich DG, Lessey BA, Savaris RF. Comparison of  HSCORE 
assessment of  endometrial beta3 integrin subunit expression with digital 
HSCORE using computerized image analysis (ImageJ). Anal Quant 
Cytopathol Histpathol 2013;35:210‑6.

19. Helmy IM, Azim AM. Efficacy of  ImageJ in the assessment of  
apoptosis. Diagn Pathol 2012;7:15.

20. Varghese F, Bukhari AB, Malhotra R, De A. IHC profiler: An open 
source plugin for the quantitative evaluation and automated scoring 
of  immunohistochemistry images of  human tissue samples. PLoS One 
2014;9:e96801.

[Downloaded free from http://www.jomfp.in on Saturday, August 19, 2017, IP: 14.99.92.240]



Immunoexpression of programmed cell death 4 protein 
in normal oral mucosa, oral epithelial dysplasia and oral 
squamous cell carcinoma

Karishma M Desai, Alka D Kale
Department of Oral Pathology and Microbiology, KLE Vishwanath Katti Institute of Dental Sciences, KLE University, Belgaum, 

Karnataka, India

Original Article

Background: Oral squamous cell carcinoma (OSCC) is the frequently reported cancer of the head and neck. 
Recent studies are being conducted to evaluate the role of potential markers for diagnosing the stages of 
development of OSCC from normal cells.
Aim: The aim of this study is to evaluate and compare the immunoexpression of programmed cell death 
4 (PDCD4) protein in normal oral mucosa, oral epithelial dysplasia (OED) and OSCC.
Materials and Methods: Histologically diagnosed, formalin‑fixed paraffin‑embedded archived 
cases (n = 100) of normal mucosa (n = 10), OED (n = 60) and OSCC (n = 30) were analyzed 
immunohistochemically in the present retrospective study using monoclonal rabbit antihuman PDCD4. 
OED and squamous cell carcinoma were graded according to the World Health Organization and 
Broder’s histological grading criteria, respectively. Clinical parameters and immunohistochemical 
results were analyzed by Fisher exact test using SPSS software. P <0.05 was indicative of significant 
differences.
Results: PDCD4 expression was observed in the normal oral mucosa, OED and OSCC. The maximum 
expression was observed in the normal oral mucosa, which reduced significantly in OED and 
OSCC (P = 0.017). With the increase in the transformation from normal cells to cancer cells, a shift from 
nuclear to cytoplasmic staining was observed indicating predominant cytoplasmic localization of stain 
as a feature of altered cells.
Conclusion: The present study delineates the molecular difference between the normal, dysplastic and 
carcinomatous cells; and points toward the role of PDCD4 localization in the proliferation of cells. This study 
thus highlights the need for further research with inclusion of long follow‑up period and other pathological 
criteria such as inflammation and microenvironment, immune status of patient and tumor stage, which 
could aid in the development of prospective diagnostic options.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) is among 
the multiple health disorders caused due to tobacco 
consumption. Its incidence increases with every passing 
year and is a frequently reported form of  malignant cancer 
in the head and neck region worldwide.[1] OSCC constitutes 
3% of  overall cancer types[2] and approximately 40% of  the 
total cancer count in India.[3] As a result, management of  
OSCC, especially with the aid of  surgery, has become the 
most preferred method.[4] However, its timely detection is 
the most researched area of  study due to the problem of  
recurrence after surgery.

Potentially malignant lesions such as leukoplakia and 
erythroplakia have often been observed to precede OSCC[5] 
and reported to advance into oral carcinoma[6] even 
though approximately 50% of  cases of  oral carcinomas 
are reported to arise from normal mucosa.[7] In routine 
examination, dysplastic features are among the main factors 
of  malignant potential.[8] Several studies have stated that 
advancement in the degree of  dysplasia increases the risk 
of  malignancy in the patients.[7,9] Due to great disparity 
among observers for grading the stages of  dysplasia, there 
is a need of  detecting unique biological markers to confirm 
the malignancy and predict the malignant potential.

Proteins such as programmed cell death 4 (PDCD4), a 
well‑known suppressor of  tumor genesis, has also been 
established as regulator of  OSCC invasion.[10] PDCD4 
protein is known to localize in the nucleus of  proliferating 
cells and may have an important role in transcription, 
translation and signal transduction pathways of  the cell 
cycle such as apoptosis.[11] However, the reduction in 
the expression of  PDCD4 has been strongly associated 
with the progress of  a tumor and metastasis of  multiple 
types of  human cancers, including the lung, colon, breast, 
esophagus, stomach and ovary.[12‑17] PDCD4 has also been 
studied in association with OSCC. Reduced expression 
of  PDCD4 protein has often been correlated with poor 
survival of  OSCC patients. This suggests that PDCD4 
may be a clinically significant prognosticator and the loss 
of  PDCD4 may be one of  the important steps required 
for invasion and metastasis of  OSCC along with initiation 
of  tumor.[10]

Very little literature is available on the role of  PDCD4 and 
therefore, it was hypothesized that PDCD4 immunostaining 
is important in understanding the transformation of  the 
oral dysplastic lesions to carcinoma and its expression with 
respect to change from the normal to premalignant and 
malignant conditions. Thus, using molecular technique, 

such as immunohistochemistry, an attempt was made 
to evaluate and compare the immunoexpression of  
PDCD4 protein in the normal oral mucosa, oral epithelial 
dysplasia (OED) and OSCC.

MATERIALS AND METHODS

The study was performed after obtaining the Institutional 
Ethical Clearance and the waiver of  informed consent. 
Formalin‑fixed tissue block samples (embedded in paraffin) 
of  90 patients, histologically diagnosed with OED and 
OSCC, were retrieved from departmental archives of  Oral 
pathology and Microbiology, KLE VK Institute of  Dental 
Sciences. The normal mucosal tissue collection from the 
oral region of  the patients was done during periodontal 
crown lengthening and impaction procedures. All cases of  
OED and OSCC were reevaluated to confirm the grades 
based on the WHO 2005 grading criteria and Broder’s 
histological grading criteria,[18] respectively.

Demographic data (age, sex, site of  cancer and habit history) 
of  the cases were collected from departmental records and 
tabulated. The samples were categorized into three groups: 
group I– normal oral mucosa (control group; n = 10), 
Group II– OED (n = 60) and Group III– OSCC (n = 30). 
The cases of  OED were further classified as mild, moderate 
and severe dysplasia with 20 samples each. Similarly, 
the OSCC samples were grouped as well‑differentiated, 
moderately differentiated and poorly differentiated 
carcinoma with 10 cases in each category.

Tissue sections (4 µm) from the paraffin blocks were 
obtained on aminopropyl triethoxy silane‑coated 
slides (Sigma Aldrich). Immunohistochemical (IHC) slides 
were stained using avidin‑biotin method[10] and incubated 
with monoclonal rabbit antihuman PDCD4 protein (Clone 
EPR3432; catalog no AN524‑5M; BioGenex Lab) against 
PDCD4. The primary protein was detected using polymer 
HRP kit (super sensitive polymer‑HRP IHC detection 
system, BioGenex) by avidin‑biotin complex method as 
described by Mäkitie et al.[19] Use of  Harris’s hematoxylin for 
counterstaining was the sole modification from the method 
followed. The color was developed due to the presence of  
the chromogen, diaminobenzidine.

Intensity and percentage of  protein expression in the 
nucleus and cytoplasm were evaluated for comparing 
the amount of  PDCD4 expressed in all the three cases. 
Intensity of  expression, defined as the amount of  protein 
expressed, was determined intensity of  color and percentage 
of  expression defined as the number of  cells expressing the 
protein. Total score was analyzed by taking into account 
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of  both the intensity and percentage scores. Slides were 
analyzed for intensity and percentage of  expression in the 
cells in different fields by three independent observers 
under ×10 and ×40 magnification followed by the tabulation 
of  average score. The epithelium of  oral mucosa (control 
slide) and OED were assessed along with the tumor islands 
and cells in OSCC cases according to Reis and Tomenson 
criteria.[10] The percentage of  expression (both nuclear and 
cytoplasmic) of  PDCD4 in stained cells was considered 
minimal within the range of  1–4 and overexpressed in the 
range of  5–7. Total scores were evaluated individually for 
both the nuclear, as well as cytoplasmic staining pattern.

The association between the clinical parameters and IHC 
results was analyzed with Fisher exact test. Statistical 
analysis was done using SPSS software, and significant 
differences were indicated by P < 0.05.

RESULTS

Out of  60 pat ients  with OED, 42 were men 
(mean age 53.9 ± 14.68 years) and 18 were women 
(mean age 51.4 ± 12.92 years). Out of  30 patients with 
OSCC, 23 were men (mean age 55 ± 11.51 years) and 7 
were women (mean age 54.1 ± 6.38 years).

Maximum cases of  OED were observed in the buccal 
mucosa region followed by the tongue and labial mucosa 
region. However, the buccal and alveolar mucosa and the 
tongue region were the most common sites in OSCC cases. 
The distribution of  OED was also observed in the alveolar 
mucosa, gingivobuccal sulcus and palate region. Cases of  
OSCC were also reported in the gingivobuccal sulcus, labial 
mucosa and the floor of  the mouth.

The nuclear and cytoplasmic intensity and percentage 
scores comparison among the control, OED and OSCC 

groups have been represented in Table 1. Nuclear intensity 
and percentage along with cytoplasmic percentage scores 
among all the groups were significant.

The nuclear and cytoplasmic intensity and percentage 
scores among the subdivisions of  OED and OSCC are 
represented in Tables 2 and 3. Among the OED cases, 
nuclear percentage scores were highly significant. On the 
other hand, the nuclear percentage and intensity scores 
among the subgroups of  OSCC were significant along 
with the cytoplasmic intensity scores.

The total nuclear and cytoplasmic scores among all the 
groups and the subgroups have been represented in 
Table 4. The total nuclear score among all the groups was 
highly significant (P < 0.001).

The photomicrographs of  control group and different 
grades of  OED and OSCC have been depicted in 
Figures 1‑7. The basal cell layers of  mild OED showed 
predominant nuclear staining with weak‑to‑moderate 
cytoplasmic staining similar to that of  normal mucosa. 
In moderate OED, a slight increase in the cytoplasmic 
staining pattern of  basal cells was noted. While one 
case of  severe OED exhibited absence of  staining in 
the basal cell layer along with reduced nuclear staining 
pattern. Moreover, the increased keratinization of  the 
epithelium of  the OED cases did not present with 
any PDCD4 immunoexpression. Likewise, analysis of  
the cases of  OSCC displayed a predominant nuclear 
expression with mild‑to‑moderate cytoplasmic expression 
in well‑differentiated carcinoma cases (WDSCC) with a 
reduction in the nuclear staining pattern and shift towards 
a more cytoplasmic staining pattern. Keratin pearls in the 
OSCC cases did not show any reactivity toward PDCD4 
protein.

Table 1: Comparison of nuclear and cytoplasmic intensity and percentage scores among the groups of normal mucosa, oral 
epithelial dysplasia and oral squamous cell carcinoma
Subgroup Score 0 (%) Score 1 (%) Score 2 (%) Score 3 (%) Score 4 (%) P

Nuclear intensity scores comparison among all the groups
Control group 0 0 0 10 (100) ‑ 0.017
Oral epithelial dysplasia 0 6 (10) 29 (48.3) 25 (41.7) ‑
Oral squamous cell carcinoma 0 3 (10) 14 (46.7) 13 (43.3) ‑

Nuclear percentage scores comparison among all the groups
Control group ‑ 0 0 7 (70) 3 (30) <0.001
Oral epithelial dysplasia ‑ 25 (41.7) 29 (48.3) 5 (8.3) 1 (1.7)
Oral squamous cell carcinoma ‑ 4 (13.3) 8 (26.7) 11 (36.7) 7 (23.3)

Cytoplasmic intensity scores comparison among all the groups
Control group 1 (10) 7 (70) 2 (20) 0 ‑ 0.182
Oral epithelial dysplasia 2 (3.3) 32 (53.3) 25 (41.7) 1 (1.7) ‑
Oral squamous cell carcinoma 0 23 (76.7) 7 (23.3) 0 ‑

Cytoplasmic percentage scores comparison among all the groups
Control group 1 (10) 7 (70) 2 (20) 0 ‑ <0.001
Oral epithelial dysplasia 2 (3.3) 54 (90) 3 (5) 1 (1.7) ‑
Oral squamous cell carcinoma 0 15 (50) 12 (40) 3 (10) ‑
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DISCUSSION

This retrospective study was conducted to evaluate and 
compare the expression of  PDCD4 protein in OED 
and OSCC with respect to that in normal oral mucosa. 
Study based on this comparison was hypothesized to 
provide a link between the grades of  OED and OSCC 
leading to early diagnosis of  patients with suspected 
malignancy.

On studying the sex distribution of  dysplasia and carcinoma 
cases, the present study revealed higher preponderance of  
OED and OSCC in men than women. Similar results 
were observed in research studies based on cancer.[4,8,20] A 
possible reason may be the higher incidence of  tobacco 
consumption in various forms by men than women. Annual 

statistics in India has revealed that the risks of  developing 
malignant disorders are more in men than in women.[20] 
Upon evaluation of  age in cases of  both men and women, 
it was observed that the mean age in patients with OED 
and OSCC was more than 50 years. The previous research 
studies on epidemiological patterns of  oral cancer have 
made some similar observations.[21,22]

Site distribution analysis in the study revealed that the 
buccal, labial and alveolar mucosa, tongue, palate region 
and gingivobuccal sulcus were the predominant sites at 
risk of  OED and OSCC. However, some cases OSCC 
were also observed in the floor of  the mouth. Literature 
survey also indicated that these sites were among the most 
commonly affected regions observed in patients with OED 
and OSCC patients.[1,20,22]

Table 3: Comparison of nuclear and cytoplasmic intensity and percentage scores among the grades of oral squamous cell carcinoma
Subgroup Score 0 (%) Score 1 (%) Score 2 (%) Score 3 (%) Score 4 (%) P

Nuclear intensity scores comparison among 
grades of oral squamous cell carcinoma

Well differentiated 0 0 2 (6.7) 8 (26.7) ‑ 0.014
Moderately differentiated 0 0 7 (23.3) 3 (10) ‑
Poorly differentiated 0 3 (10) 5 (16.7) 2 (6.7) ‑

Nuclear percentage scores comparison among 
grades of oral squamous cell carcinoma

Well differentiated 0 1 (3.3) 6 (20) 3 (10) ‑ 0.016
Moderately differentiated 0 4 (13.3) 2 (6.7) 4 (13.3) ‑
Poorly differentiated 4 (13.3) 3 (10) 3 (10) 0 ‑

Cytoplasmic intensity scores comparison among 
grades of oral squamous cell carcinoma

Well differentiated 0 10 (33.3) 0 0 ‑ 0.029
Moderately differentiated 0 8 (26.7) 2 (6.7) 0 ‑
Poorly differentiated 0 5 (16.7) 5 (16.7) 0 ‑

Cytoplasmic percentage scores comparison 
among grades of oral squamous cell carcinoma

Well differentiated 0 6 (20) 3 (10) 1 (3.3) ‑ 0.972
Moderately differentiated 0 4 (13.3) 5 (16.7) 1 (3.3) ‑
Poorly differentiated 0 5 (16.7) 4 (13.3) 1 (3.3) ‑

Table 2: Comparison of nuclear and cytoplasmic intensity and percentage scores among the grades of oral epithelial dysplasia
Subgroup Score 0 (%) Score 1 (%) Score 2 (%) Score 3 (%) Score 4 (%) P

Nuclear intensity scores comparison among 
grades of oral epithelial dysplasia

Mild 0 0 11 (18.3) 9 (15) ‑ 0.245
Moderate 0 4 (6.7) 7 (11.7) 9 (15) ‑
Severe 0 2 (3.3) 11 (18.3) 7 (11.7) ‑

Nuclear percentage scores comparison 
among grades of oral epithelial dysplasia

Mild ‑ 3 (5) 16 (26.7) 1 (1.7) 0 0.002
Moderate ‑ 12 (20) 4 (6.7) 3 (5) 1 (1.7)
Severe ‑ 9 (15) 9 (15) 1 (1.7) 0

Cytoplasmic intensity comparison among 
grades of oral epithelial dysplasia

Mild 0 12 (20) 8 (13.3) 0 ‑ 0.532
Moderate 2 (3.3) 9 (15) 8 (13.3) 1 (1.7) ‑
Severe 0 11 (18.3) 8 (13.3) 0 ‑

Cytoplasmic percentage scores comparison 
among grades of oral epithelial dysplasia

Mild 0 19 (63.3) 1 (3.3) 0 ‑ 0.186
Moderate 2 (6.7) 16 (53.3) 2 (6.7) 0 ‑
Severe 0 19 (63.3) 0 1 (3.3) ‑
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The present study demonstrated the presence of  both nuclear 
and cytoplasmic PDCD4 expression along with nonepithelial 
cells such as the endothelial cells and inflammatory cells 
in the stroma. This was similar to the expression noted in 
the esophageal and colon normal mucosa and carcinomas 
as reported by Fassan et al.[23,24] A predominant nuclear 
expression along with weak‑to‑moderate cytoplasmic 
expression was a feature of  normal epithelium, and as 
the grade progressed to carcinoma, an increase in the 
cytoplasmic expression was noted.

The PDCD4 expression in the nucleus was present in all 
the cases of  normal mucosa, thus depicting that its nuclear 
localization regulates the normal functioning of  the cells 

while shuttling to the cytoplasm was indicative of  cellular 
derangement or cell division. The maximum intensity of  
nuclear staining was observed in the normal mucosa and 
the maximum cytoplasmic intensity was observed in the 
cases of  OED and OSCC.

The present study also indicated the localization of  the 
nuclear stain in the normal mucosa, predominantly in the 
basal cell layers, extending up to the superficial layers of  
the mucosa. This was in accordance with the expression 
of  PDCD4 in the normal esophageal mucosa and colon 
as put forth by Fassan et al.[23,24] Contrary to these, Nagao 
et al. observed exclusive nuclear staining in the pancreatic 
normal tissues.[11]

Table 4: Comparison of total nuclear and cytoplasmic score of programmed cell death 4 expression among all the groups
Group Minimal expression Over expression P

Total nuclear score among all the groups
Control group 0 10 (100) <0.001
Oral epithelial dysplasia 42 (70) 18 (30)
Oral squamous cell carcinoma 9 (30) 21 (70)

Total cytoplasmic score among all the groups
Control group 10 (100) 0 0.158
Oral epithelial dysplasia 60 (100) 0
Oral squamous cell carcinoma 28 (93.3) 2 (6.7)

Total nuclear score among different grades of oral epithelial dysplasia
Mild 12 (20) 8 (13.3) 0.386
Moderate 14 (23.3) 6 (10)
Severe 16 (26.7) 4 (6.7)

Total cytoplasmic score among different grades of oral epithelial dysplasia
Mild 20 (33.3) 0 1.000
Moderate 20 (33.3) 0
Severe 20 (33.3) 0

Total nuclear score among different grades of oral squamous cell carcinoma
Well differentiated 1 (13.3) 9 (30) 0.077
Moderately differentiated 2 (6.7) 8 (26.7)
Poorly differentiated 6 (20) 4 (13.3)

Total cytoplasmic score among different grades of oral squamous cell carcinoma
Well differentiated 10 (33.3) 0 0.585
Moderately differentiated 9 (30) 1 (13.3)
Poorly differentiated 9 (30) 1 (13.3)

Figure 1: Photomicrograph of normal human oral mucosa-positive 
control (×10)

Figure 2: Photomicrograph of mild dysplasia showing programmed cell 
death 4 expression upto the superficial layer– nuclear and cytoplasmic 
staining (×10)

[Downloaded free from http://www.jomfp.in on Saturday, January 6, 2018, IP: 49.35.88.119]



Desai and Kale: Expression of PDCD4 protein in oral mucosa, OED and OSCC

OED cases demonstrated a reduced nuclear expression 
when compared to normal mucosa. On comparison of  
results within the groups, a significant difference in the 
percentage of  cells expressing nuclear PDCD4 expression 
was observed. Further, a reduction in the number of  cases 
showing overall strong nuclear expression was detected 
within the groups with maximum expression in mild 
OED to least in severe OED group. The discrepancies in 
the expression pattern, as noted in OED cases, could be 
attributed to the presence of  inflammation, which was not 
evaluated separately in all the groups and hence warrants 
further research for justification of  the same.

Distinct linear and peripheral pattern of  cytoplasmic 
staining was observed in cases of  WDSCC and moderately 
differentiated carcinoma cases suggestive of  the proliferative 
activity at the tumor islands. Mitotic figures demonstrated 

a characteristic cytoplasmic staining, which suggests the 
role of  this shuttling phenomenon of  PDCD4 in cell 
multiplication. This is similar to the immunostaining of  
epidermal growth factor receptor and transferrin receptor, 
which depicted a marked expression in the periphery of  
the tumor cell islands.[25]

The cytoplasmic localization of  PDCD4 in the periphery 
or invasive front indicates the proliferative activity (or 
the increased mitosis) shown by peripheral tumor cells. 
A parallel finding in some cases of  dysplasia and carcinoma 
was the pattern of  immunostaining in cells showing 
mitosis, wherein a distinct cytoplasmic staining with 
absence of  nuclear expression was observed. This was in 
accordance with the results put forth by Yoshinaga et al.[26] 
and Hayashi et al.,[27] which stated that cells undergoing 
multiplication show a predominant cytoplasmic shift of  
PDCD4.

Figure 4: Photomicrograph of severe dysplasia showing programmed 
cell death 4 expression in the nucleus and cytoplasm (×10)

Figure 3: Photomicrograph of moderate dysplasia showing reduced 
nuclear and predominant cytoplasmic programmed cell death 4 
expression in the basal and suprabasal layers (×10)

Figure 6: Photomicrograph of moderately differentiated carcinoma 
showing cytoplasmic expression of programmed cell death 4 (×40)Figure 5: Photomicrograph of well-differentiated squamous cell 

carcinoma with programmed cell death 4 expression in the nucleus 
(×40)
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An overall reduction and shuttling of  PDCD4 from 
nucleus to cytoplasm was found from normal mucosa 
to OED to OSCC. These findings suggest the role of  
PDCD4 as a proliferative marker in OED and squamous 
cell carcinoma. Further research can include long follow‑up 
period and other pathological criteria such as inflammation 
and microenvironment, immune status of  patient and 
tumor stage could aid in the development of  prospective 
diagnostic options.
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Introduction
Periodontitis	 is	 a	 chronic	 inflammatory	
disease	 characterized	 by	 periodontal	
tissue	 destruction,	 resulting	 from	 complex	
interaction	 between	 bacteria	 and	 host	
immune	system.	The	host	immune	response	
identifies	 invading	 pathogens	 and	 tries	
to	 neutralize	 or	 kill	 the	 microorganisms.	
In	 the	 process,	 it	 elaborates	 variety	 of	
pro‑inflammatory	 mediators,	 cytokines,	
and	 proteolytic	 enzymes	 such	 as	 matrix	
metalloproteinases	 (MMPs)	 which	 cause	
soft	 and	 hard	 tissue	 destruction	 seen	 in	
periodontitis.[1]	 Thus,	 this	 host	 response	
which	 is	 essentially	 protective	 by	 intent	
paradoxically	 can	 also	 result	 in	 tissue	
damage.	 Recent	 therapeutic	 efforts	 are	
focusing	 on	 altering	 or	 modulating	 this	
host	 response,	 leading	 to	 emergence	 of	
a	 new	 comprehensive	 treatment	 strategy	
combining	 traditional	 periodontal	 therapies	
with	host	modulatory	therapy.[2]
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Abstract
Background	 and	 Objectives:	 The	 pathogenesis	 of	 inflammatory	 periodontal	 diseases	 essentially	
involves	 degradation	 of	 extracellular	 matrix	 molecules,	 and	 collagen	 breakdown	 and	 matrix	
metalloproteinases	 (MMPs)	 are	 proteinases	 primarily	 involved	 in	 this	 process.	 It	 is	 known	 that	
doxycycline	 downregulates	 MMP	 activity.	 Curcumin	 has	 anti‑inflammatory	 effect	 and	 also	
downregulates	MMP	activity.	Thus,	 a	 study	was	 conducted	 to	 evaluate	 the	 anti‑inflammatory	 effect	
of	 curcumin	by	 its	 inhibition	of	MMP‑9	activity	and	compare	 the	 same	with	doxcycline,	which	has	
known	anticollagenase	activity.	Subjects	and	Methods:	Gingival	tissue	samples	were	obtained	from	
thirty	patients	diagnosed	with	 chronic	periodontitis.	The	 tissue	 extracts	were	 treated	with	Curcumin	
and	 doxycycline	 and	 inhibition	 of	 MMP‑9	 analyzed	 by	 gelatinzymography.	 Gels	 obtained	 were	
stained	 with	 Coomassie	 Brilliant	 Blue,	 and	 enzymatic	 activities	 detected	 as	 bands	 of	 gelatinlysis	
against	 blue	 background.	 Relative	 MMP‑9	 levels	 were	 measured	 by	 scanning	 the	 clear	 zones	 and	
analyzing	 the	percentage	 inhibition.	Results:	Results	 showed	 that	MMP‑9	activity	was	 significantly	
decreased	 by	 both	 the	 drugs.	 Curcumin	 showed	 61.01%	 reduction	 in	 the	 MMP‑9	 activity	 at	
1500	 µg/ml	 concentration	 and	 doxycycline	 showed	 59.58%	 reduction	 in	 the	 MMP‑9	 activity	
at	 300	 µg/ml	 concentration.	 Conclusion:	 The	 current	 study	 showed	 that	 curcumin	 has	 inhibitory	
effect	on	polymorphonuclear	leukocyte‑type	MMP‑9	involved	in	matrix	degradation	in	periodontitis.	
Since	 Curcumin	 has	 a	 potent	 anti‑inflammatory	 effect,	 it	 may	 have	 therapeutic	 potential	 as	 a	 host	
modulation	agent	in	periodontal	diseases.

Keywords: Anti‑inflammatory agents, host modulation therapy, matrix metalloproteinases, 
periodontitis
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To	 date,	 subantimicrobial	 dose	 doxycycline	
is	 the	 only	 Food	 and	 Drug	Administration	
approved	 systemic	 therapy,	 prescribed	 as	
a	 host	 response	 modifier	 in	 treatment	 of	
periodontal	 disease	 which	 downregulates	
the	activity	of	MMPs.[3]

MMPs	are	the	primary	proteinases	involved	
in	 periodontal	 tissue	 destruction	 and	
synthesized	 by	 a	 variety	 of	 infiltrating	
inflammatory	 cells	 (i.e.,	 neutrophils	
and	 macrophages),	 resident	 cells,	 and	
some	 bacteria.	 Numerous	 studies	 have	
substantiated	 the	 relationship	 between	
MMPs	 and	 periodontal	 diseases,	
with	 findings	 of	 significantly	 higher	
MMP‑9	 (neutrophil‑derived	 MMPs)	 levels	
in	 patients	 with	 periodontitis	 compared	
to	 healthy	 controls.[4,5]	 Doxycycline	 is	 the	
most	 potent	 tetracycline	 for	 inhibition	 of	
these	MMPs.[6,7]

Since	 ancient	 times,	 Ayurvedic	 drugs	 are	
being	 used	 for	 the	 treatment	 of	 various	
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diseases	 including	 periodontal	 and	 other	 oral	 diseases.[8]	
They	 are	 widely	 acclaimed	 for	 their	 minimal	 side	 effects	
and	 cost‑effectiveness.	 Use	 of	 herbal	 extracts	 in	 treating	
periodontal	 diseases	 does	 not	 produce	 side	 effects	 of	
tetracycline	compounds	as	well	as	other	synthetic	drugs.

Curcuma longa	 (turmeric)	 is	 a	 widely	 used	 herb	 which	
is	 distributed	 throughout	 tropical	 and	 subtropical	 regions	
of	 the	 world	 and	 widely	 cultivated	 in	 India,	 China,	 and	
Indonesia.[9]	 It	 has	 also	 long	 been	 used	 in	 both	Ayurvedic	
medicine	 and	 Chinese	 medicine	 as	 an	 anti‑inflammatory	
agent.[9]	The	 active	 constituent	 in	 turmeric	 is	 curcumin.[9,10]	
Curcumin	 is	 known	 to	 have	 an	 anti‑inflammatory	 effect.	
Studies	 show	 that	 curcumin	 limits	 the	 activity	 of	 two	
enzymes,	 lipoxygenase,	 and	 cyclooxygenase‑2	 that	 are	
involved	 in	 promoting	 and	 maintaining	 inflammation.[11,12]	
Studies	 have	 also	 shown	 that	 curcumin	 downregulates	 the	
MMP‑9	 activity.[13,14]	 Thus,	 it	 may	 have	 a	 potential	 role	
in	 the	 treatment	 of	 inflammatory	 periodontal	 disease.	 Its	
anti‑inflammatory	 activity	 in	 periodontal	 diseases	 has	 not	
been	extensively	investigated.

With	 this	background,	 the	study	was	conducted	 to	evaluate	
the	 anti‑inflammatory	 effect	 of	 curcumin	 by	 its	 inhibitory	
effect	 on	 MMP‑9	 activity	 and	 compare	 the	 same	 with	
doxycycline,	 which	 is	 known	 to	 have	 an	 anticollagenase	
activity.

Subjects and Methods
Subjects

A	 total	 of	 thirty	 sites	 from	 thirty	 participants	
(males	 and	 females),	 above	 35	 years	 of	 age,	 diagnosed	
clinically	 as	 having	 generalized	 moderate‑to‑severe	
chronic	 periodontitis	 (based	 on	 American	 Academy	 of	
Periodontology	 classification	 1999)	 with	 pocket	 depths	
ranging	 from	 5	 to	 8	 mm	 were	 selected	 for	 the	 study.	
The	 patients	 had	 no	 history	 of	 previous	 dental	 treatment	
and	 antibiotic	 or	 anti‑inflammatory	 drug	 therapy	 for	 the	
past	 6	 months.	 Patients	 with	 any	 history	 of	 systemic	
diseases/conditions,	 pregnant	 patients,	 and	 smokers	 were	
excluded	from	the	study.	An	informed	consent	was	obtained	
from	the	patients	before	their	enrollment	into	the	study,	and	
the	study	has	been	independently	reviewed	and	approved	by	
the	 Institutional	 Ethical	 Board.	 Postcollection	 of	 samples,	
the	 patients	 who	 participated	 in	 this	 study	 received	 the	
standard	treatment	protocol	for	chronic	periodontitis.

Method of collection of samples

Gingival	 tissue	 samples	 were	 obtained	 under	 aseptic	
conditions	 after	 administration	 of	 local	 anesthesia	 from	
patients	 who	 were	 diagnosed	 with	 chronic	 periodontitis.	
Gingival	tissue	samples	were	obtained	from	sites	with	pocket	
depths	 ranging	 from 	 5	 to	 8	 mm.	 Immediately	 following	
excision,	 these	 tissue	 specimens	 were	 briefly	washed	 under	
cold	 distilled	 water	 and	 blotted	 dry.	 Then,	 the	 specimens	
were	 transferred	 into	 sterile	 plastic	 vials	 which	 contained	

phosphate	buffer	solution,	pH	7.2,	that	acted	as	the	transport	
medium.	 Specimens	 were	 then	 immediately	 carried	 to	 the	
laboratory	where	they	were	stored	at	−80°C	until	use.

In vitro study

Chemicals used

Pure	 extract	 of	 curcumin	 in	 powder	 form	 (Samy	 Labs,	
Bengaluru,	 India)	 and	 doxycycline,	 i.e.,	 pure	 doxycycline	
hyclate	 in	 powder	 form	 (Aristo	 Pharmaceuticals	 Limited,	
Bengaluru,	 India)	 was	 used	 for	 the	 purpose	 of	 the	 study.	
The	 curcumin	 solution	 was	 prepared	 by	 dissolving	 15	 mg	
of	 curcumin	 in	 10	 ml	 of	 distilled	 water	 (1500	 µg/ml).	
Preparation	of	doxycycline	solution	was	by	dissolving	3	mg	
of	doxycycline	in	10	ml	of	distilled	water	(300	µg/ml).

Extraction of matrix metalloproteinase‑9

The	 frozen	 gingival	 tissue	 samples	 were	 allowed	 to	
thaw	 to	 room	 temperature.	 Then,	 each	 tissue	 sample	 was	
homogenized	 with	 2.5%	Triton	 X‑100.	 This	 was	 followed	
by	centrifugation	of	the	homogenized	samples	for	30	min	at	
6000	 rpm,	at	4°C.	The	 resulting	 supernatant	was	 separated	
and	used	for	analysis.

Detecting the optimal curcumin and doxycycline 
concentration

To	 determine	 the	 optimal	 inhibition	 of	 MMP‑9	 by	
curcumin,	 different	 concentrations	 of	 curcumin,	 i.e.,	
300,	 500,	 1000,	 and 	 1500	 µg/ml	 were	 added	 to	 50	 µl	 of	
gingival	 tissue	 extract	 and	 incubated	 at	 room	 temperature	
for	 60	 min.	 The	 addition	 of	 increasing	 concentrations	 of	
curcumin	to	the	gingival	tissue	extract	resulted	in	decreased	
MMP‑9	activity	as	shown	in	Figure	1.

Assessing	 the	 MMP‑9	 activity	 by	 densitometric	 analysis	
demonstrated	 that	 the	 concentration	 of	 curcumin	
required	 to	 inhibit	 more	 than	 50%	 of	 MMP‑9	 activity	
was 	 1500	 µg/ml.	 Since	 curcumin	 showed	 more	 than	
50%	 inhibition	 of	 MMP‑9	 activity	 at	 a	 concentration	 of	
1500	µg/ml	as	compared	to	the	control	(without	drug),	 this	
concentration	was	used	to	pretreat	the	gingival	tissue	extract	
in	the	study.	The	curcumin	solution	with	a	concentration	of	
1500	µg/ml	was	freshly	prepared	before	processing	of	each	
sample	of	gingival	tissue	extract.

Figure 1: Effect of Curcumin at different concentrations on matrix 
metalloproteinase‑9 activity (%)
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Similarly,	 increasing	concentrations	of	doxycycline,	 i.e.	50,	
100,	 200,	 and	 300	µg/ml	were	 added	 to	 50	µl	 of	 gingival	
tissue	 extract	 and	 incubated	 at	 room	 temperature	 for	
60	 min.	 Assessing	 the	 MMP‑9	 activity	 by	 densitometric	
analysis	demonstrated	that	the	concentration	of	doxycycline	
required	 to	 inhibit	more	 than	 50%	of	MMP‑9	 activity	was	
300	µg/ml,	and	thus	this	concentration	was	used	to	pretreat	
the	 gingival	 tissue	 extract	 in	 the	 study.	 The	 doxycycline	
solution	 with	 a	 concentration	 of	 300	 µg/ml	 was	 freshly	
prepared	 before	 processing	 of	 each	 sample	 of	 gingival	
tissue	extract.

Pretreatment of gingival tissue extract with curcumin and 
doxycycline

To	 compare	 the	 inhibition	 of	 MMP‑9	 activity,	 50	 µl	 of	
gingival	 tissue	 extract	 was	 preincubated	 with	 freshly	
prepared	 solution	 of	 50	 µl	 of	 curcumin	 (1500	 µl/ml)	 and	
50	 µl	 of	 doxycycline	 (300	 µl/ml)	 solution	 for	 60	 min	 at	
room	 temperature	 in	 separate	 vials.	 In	 addition,	 50	 µl	 of	
extract	 was	 also	 incubated	 with	 50	 µl	 of	 distilled	 water	
which	was	used	as	the	control.

Assay for matrix metalloproteinase‑9 activity

The	 presence	 of	 MMP‑9	 activity	 in	 collected	 samples	
was	 studied	 by	 gelatinzymography.	 Sodium	 dodecyl	
sulfate	 (SDS)	 poly	 acrylamide	 gel	 electrophoresis	 on	
10%	 polyacrylamide	 containing	 10%	 SDS	 copolymerized	
with	 1	 g/L	 gelatin	 was	 used	 to	 pretreat	 tissue	 extracts	
under	 nonreducing	 conditions	 without	 prior	 boiling.	After	
electrophoresis,	 to	 regain	 the	 enzyme	 activity,	 the	 gels	
were	 rinsed	 with	 2.5%	 Triton	 X‑100	 for	 1	 h	 to	 remove	
SDS,	 thus	 allowing	 the	 protein	 to	 denature.	 The	 gels	
were	 then	 immersed	 in	 a	 proteolysis	 buffer	 containing	
Tris‑hydrochloride	50	m	M/L	(pH	7.6)	and	CaCl2	20	mM/L	
and	incubated	at	37°C	for	16	h.	The	gels	were	subsequently	
stained	 Coomassie	 Blue	 (0.25%	 Coomassie	 Brilliant	 Blue	
R250,	 40%	 methanol,	 and	 10%	 acetic	 acid).	 Gels	 were	
destained	 (30%	 methanol,	 10%	 acetic	 acid,	 and	 60%	
water)	 until	 white	 bands	 appeared	 clearly	 from	 the	 blue	
background.	 These	 bands	 of	 gelatinlysis	 detected	 against	
the	 blue	 background	 as	 seen	 in	 Figure	 2,	 represented	
enzymatic	activities.

Results
The	 presence	 of	 MMP‑9	 was	 studied.	 The	 enzymatic	
activities	 were	 detected	 as	 unstained	 bands	 on	 gelatin	 gel	
by	zymography	technique.	To	measure	 the	relative	MMP‑9	
levels,	multiimage	gel	documentation	systems	were	used	to	
scan	 the	 clear	 zones,	 and	 the	 percentage	 of	 inhibition	was	
analyzed.	 Significant	 differences	 were	 found	 in	 the	 MMP	
activity	in	treated	groups	compared	to	the	control.

Figure	3	 illustrates	 the	 reduction	 in	 the	MMP‑9	activity	of	
each	sample	of	gingival	 tissue	extract	when	incubated	with	
doxycycline	 and	 curcumin,	 expressed	 as	 a	 percentage	 of	
reduction	from	the	control.

Table	 1	 summarizes	 the	 range,	 mean	 values,	 and	 the	
standard	 deviation	 values	 for	 curcumin	 and	 doxycycline.	
The	 mean	 values	 show	 59.58%	 reduction	 in	 the	 MMP‑9	
activity	 with	 the	 addition	 of	 doxycycline	 and	 61.01%	
reduction	in	the	MMP‑9	activity	with	addition	of	curcumin	
to	the	gingival	tissue	extract	under	identical	conditions.

Table	 2	 summarizes	 comparison	 of	 MMP‑9	 inhibitory	
effect	between	doxycycline	and	curcumin.

The	 results	 obtained	 were	 analyzed	 statistically	 using	
student’s	paired	t‑test.

Discussion
Research	 in	 the	 field	 of	 pathogenesis	 of	 periodontal	
disease	 has	 shown	 that	 various	 enzymatic	 activities	
which	 are	 directed	 toward	 the	 destruction	 of	 the	 pathogen	
result	 in	 destruction	 of	 periodontal	 connective	 tissue	 and	
MMPs	 are	 one	 group	 of	 enzymes	 which	 are	 responsible	
to	 a	 large	 extent.	 MMPs	 are	 normally	 tightly	 regulated,	
and	 disruption	 of	 this	 regulation	 leads	 to	 pathologic	
breakdown	 of	 connective	 tissues.	 Higher	 levels	 of	 MMPs	
in	 the	 periodontal	 tissues	 provoke	 an	 imbalance	 between	
the	 production	 and	 degradation	 of	 collagen,	 causing	

Figure 2: Gelatin zymography revealing bands of gelatinlysis showing 
matrix metalloproteinase-9 activity and inhibition

Table 1: Range, mean value, and standard deviations 
for matrix metalloproteinase‑9 inhibitory effect of 
doxycycline and curcumin as compared to control

Drugs Range Mean±SD P
Doxycycline 55.4‑63.4 59.5867±2.1596 <0.0001
Curcumin 55.2‑66.2 61.0100±2.8916
SD=Standard	deviation

Table 2: Comparison of matrix metalloproteinase‑9 
inhibitory effect between doxycycline and curcumin

Drugs Mean Mean difference P
Doxycycline 59.5867 1.42±2.43 0.003
Curcumin 61.0100
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tooth	 attachment	 loss.	 Especially,	 polymorphonuclear	
leukocyte	 (PMN)‑derived	 MMPs	 (MMP‑8	 and	 MMP‑9)	
are	 the	 main	 proteinases	 related	 to	 tissue	 destruction	 and	
remodeling	 events	 in	 periodontal	 diseases	 and	 numerous	
studies	 have	 substantiated	 this	 relationship,	 with	 findings	
of	 significantly	 higher	 MMP‑9	 levels	 in	 patients	 with	
periodontitis	as	compared	to	healthy	controls.[4,5,15]

With	 this	 understanding,	 possibility	 of	 host	 modulation	
so	 as	 to	 reduce	 the	 destructive	 aspects	 of	 the	 host	
response	 and	 hence	 reduce	 damage	 to	 the	 periodontium	
was	 investigated.	 First	 group	 of	 drugs	 that	 showed	 this	
host	 modulation	 activity	 was	 tetracyclines.	 Studies	 have	
demonstrated	 that	 tetracycline	 could	 significantly	 inhibit	
collagenase	activity	in	gingival	crevicular	fluid	and	gingival	
tissue,	 even	 at	 lower	 dosage	 than	 traditional	 antimicrobial	
dosages,	 i.e.	 subantimicrobial	 dosage.[3]	 Tetracyclines	
inhibit	collagenases	by	binding	to	the	Ca2+	or	Zn2+	(cations)	
required	 for	 the	 activation	 of 	MMPs.[16]	 It	 is	 also	 possible	
that	tetracyclines	can	inhibit	synthesis	of	neutrophil‑derived	
oxygen	 radicals,	 suppressing	 neutrophil	 migration	 and	
degranulation.[17]	In	addition,	long‑term	treatment	can	result	
in	 other	 side	 effects	 such	 as	 anorexia,	 nausea,	 epigastric	
distress,	and	fatty	liver	apart	from	microbial	resistance.

Ayurvedic	 drugs	 such	 as	 Neem,	 Triphala,	 Bakul	 etc.	 have	
been	 used	 therapeutically	 since	 ancient	 times	 to	 treat	
diseases	 including	 periodontal	 diseases.	With	 the	 advent	 of	
modern	 synthetic	 drugs,	 their	 convenience	 of	 standardized	
dosage,	 dramatic	 efficacy	 in	 acute	 conditions,	 and	most	 of	
all	simplicity	of	usage,	there	was	a	decline	in	the	use	of	the	
plant	 medicines.	 However,	 long‑term	 treatment,	 with	 these	
synthetic	drugs,	has	many	adverse	effects	and	 they	are	also	
not	cost	effective.	As	Ayurvedic	drugs	are	widely	acclaimed	
for	their	minimal	side	effects	and	cost‑effectiveness	in	India,	
they	are	now	again	being	used	extensively	in	treatment.

It	 has	 been	 shown	 that	 certain	 Ayurvedic	 medicines	
also	 have	 the	 host	 modulation	 effect,	 similar	 to	 that	

of	 tetracyclines.	 A	 few	 recent	 studies	 conducted	 on	
collagenase	 inhibition	 by	 herbal	 extracts	 suggest	 that,	 like	
tetracyclines,	 herbal	 extracts	 are	 also	 potent	 inhibitors	 of	
pathogenically	elevated	collagenase	and	hence	may	be	used	
as	an	alternative	adjunct	 in	 the	management	of	periodontal	
diseases.[18‑20]

Literature	 records	 the	 anti‑inflammatory,	 antioxidant,	
antibacterial,	 and	 antiviral	 activities[10]	 of	 turmeric,	 which	
has	 curcumin	 as	 its	 active	 constituent.	 However,	 the	
potential	 of	 curcumin	 in	 downregulating	 the	 MMP‑9	
activity	in	periodontal	disease	has	not	been	investigated.

With	 the	 above	 details	 in	 mind,	 the	 present	 study	 was	
conducted	 to	 evaluate	 the	 anti‑inflammatory	 property	 of	
turmeric.	 In	 the	 present	 study,	 the	 anticollagenase	 activity	
of	curcumin	was	compared	with	 that	of	doxycycline	which	
has	proven	anticollagenase	activity.

Research	 has	 shown	 that	 the	 predominant	 MMPs	
in	 inflamed	 gingival	 and	 periodontal	 tissues	 are	
PMN‑type	MMPs	 (MMP‑8	and	MMP‑9).	Elevated	activity	
of	 gelatinases	 (MMP‑2	 and	MMP‑9)	 has	 also	 been	 found	
in	 inflamed	 gingival	 tissues	 from	 chronic	 periodontitis	
patients.[5,21]	 Thus,	 in	 the	 present	 study,	 we	 decided	 to	 use	
gingival	 tissue	 samples	 that	 were	 obtained	 from	 patients	
diagnosed	clinically	with	chronic	periodontitis.

The	 reduction	 in	 MMP‑9	 activity	 of	 each	 sample	 of	
gingival	 tissue	 extract	when	 incubated	with	 the	 drugs,	 i.e.,	
doxycycline	 and	 curcumin,	 was	 expressed	 as	 percentage	
of	 reduction	 from	 the	 control	 (without	 drug).	 The	 mean	
values	 showed	 59.58%	 reduction	 in	 MMP‑9	 activity	 with	
the	 addition	 of	 doxycycline	 and	 61.01%	 reduction	 in	
MMP‑9	 activity	with	 the	 addition	 of	 curcumin	 to	 gingival	
tissue	 extract	 under	 identical	 conditions.	 These	 results	
show	 that	 curcumin	 has	 a	 significant	 inhibitory	 effect	 on	
PMN‑type	MMP‑9,	 and	 this	 inhibitory	 effect	 of	 curcumin	
is	 comparable	 to	 that	 of	 doxycycline	when	 the	 percentage	

Figure 3: Inhibitory effect of doxycycline and Curcumin on matrix metalloproteinase-9 activity expressed as percentage reduction from control
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of	 inhibition	 as	 compared	 to	 control	 was	 analyzed.	
Curcumin	 also	 showed	 a	 significant	 reduction	 in	 the	
MMP‑9	 activity	 with	 an	 average	 inhibition	 of	 about	 61%	
which	 is	 also	 statistically	 highly	 significant	 (P	 <	 0.0001)	
when	 compared	 to	 control	 (without	 drug).	 When	 MMP‑9	
inhibitory	 effect	 of	 curcumin	 was	 compared	 to	 that	 of	
doxycycline,	 the	 inhibitory	 effect	 of	 curcumin	 was	 also	
statistically	 significant	 (P	 <	 0.003).	 In	 the	 present	 study	
since	 it	 was	 observed	 that	 curcumin	 at	 concentration	 of	
1500	µg/ml	 showed	more	 than	 50%	 inhibition	 of	MMP‑9	
activity,	 this	 concentration	 of	 curcumin	 was	 used	 as	
the	 optimal	 concentration	 which	 could	 be	 compared	 to	
300	 ug/ml	 of	 doxycycline.	 However,	 further	 studies	 need	
to	 be	 done	 to	 determine	 if	 a	 more	 significant	 MMP‑9	
inhibitory	 effect	 will	 be	 seen	 if	 curcumin	 concentration	
above	 1500	 ug/ml	 is	 used.	 Clinical	 trials	 have	 shown	 no	
significant	 toxicity	 even	 when	 curcumin	 was	 administered	
at	 doses	 as	 high	 as	 8	 g/day[22]	 and	 12	 g/day.[23]	 However,	
overall	 results	 show	 that	 curcumin	 has	 the	 ability	 to	
significantly	inhibit	the	MMP‑9	activity.

The	 present	 study	 suggested	 that	 curcumin	 could	 produce	
significant	inhibition	of	MMPs	at	1500	µg/ml	concentration,	
which	 is	 well	 under	 the	 safe	 drug	 profile	 confirmed	 by	
toxicological	 studies.[22,23]	 Thus,	 this	 study	 shows	 that	
doxycycline	 and	 curcumin	 possess	 anticollagenase	 activity	
in	vitro.

The	finding	of	the	present	study	is	significant	and	confirms	
the	 use	 of	 curcumin	 in	 treating	 periodontal	 diseases.	
A	 recent in vivo study	 showed	 that	 curcumin	 modulates	
periodontal	 disease	 and	 had	 potent	 anti‑inflammatory	
effects	when	 systemically	 administered	 in	 ligature‑induced	
periodontitis	 in	 rats.[24]	 Studies	 have	 shown	 that	 one	 of	
the	 main	 mechanisms	 for	 anti‑inflammatory	 effects	 of	
curcumin	 may	 be	 the	 inhibition	 of	 nuclear	 factor	 kappa	
B	 (NF‑κB).[13,24]	 The	 curcumin‑mediated	 inhibition	 of	
MMP‑9	 gene	 expression	 appears	 to	 occur	 through	 NF‑κB	
and	 activator	 protein‑1	 because	 their	 DNA	 binding	
activities	were	suppressed	by	curcumin.[14,25]

When	 compared	 to	 tetracycline,	 curcumin	 has	 better	
anti‑inflammatory	 effect,	 is	 more	 cost	 effective,	 and	 has	
minimal	 side	 effects	 and	 thus	 can	 be	 tried	 as	 a	 substitute	
for	 tetracycline	as	an	anticollagenase	agent.	Curcumin	also	
allows	 suppression	 of	 collagenase	 activity	 well	 within	 the	
safe	dosage	profile	confirmed	by	toxicological	studies.

The in vivo environment	 is	 substantially	 different,	 and	
inherent	 limitations	 of	 an in vitro replication	 may	 constrain	
our	understanding	of	the	systemic	effects	of	curcumin.	Further	
studies	on	cultured	cells	and	also in vivo studies	of	curcumin	
are	needed	 to	define	 its	 toxicological	profile	before	making	 it	
a	part	of	the	therapeutic	regimen	in	periodontal	treatment.

Conclusion
In	 the	 light	 of	 observations	 from	 the	 current	 study,	 it	 can	
be	 concluded	 that	 doxycycline	 and	 curcumin	 possess	

anticollagenase	 activity	 in	vitro.	 Since	 curcumin	 has	 better	
anti‑inflammatory	effect	compared	to	tetracycline,	curcumin	
being	more	 cost	 effective	 and	 with	 no	 side	 effects	 can	 be	
tried	 as	 a	 substitute	 for	 tetracycline	 as	 an	 anticollagenase	
agent.	Thus,	 curcumin	may	 have	 therapeutic	 potential	 as	 a	
host	modulation	agent	in	periodontal	diseases.
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Abstract: The present work aims to investigate the efficacy of thermoreversible gel of 

cranberry juice concentrate (CJC) as local drug delivery for the treatment of 

periodontitis.  CJC was initially tested for its antimicrobial activities like MIC, MBC, 

antiadhesion, antibiofilm and time kill assay against the panel of organisms (S. mutans 

(SM), E. faecalis (EF), A. actinomycetumcomitans (AA), P. gingivalis (PG), T. 

forsythia (TF)) responsible for periapical and periodontal infections. Antimicrobial 

activity of CJC showed MIC value of 50 mg/ml and MBC value of 100 mg/ml with 

desirable antiadhesion (83-90%) and antibiofilm activity (70-85%). CJC was 

evaluated for its biocompatibility using periodontal fibroblasts by cell based MTT 

assay and found to be nontoxic. Influence of CJC on periodontopathogen PG derived 

virulence factors (fimA and kgp) was studied using real time polymerized chain 

reaction (RT-PCR) technique wherein down regulation of the expression of selected 

genes demonstrated inhibitory effect against PG virulence factors. Thermoreversible 

gel of CJC was formulated by cold method using poloxamer 407 as thermosensitive 

polymer and carbopol 934 as mucoadhesive polymer and evaluated for its gelation 

temperature, viscosity, gel strength and mucoadhesive strength. Comparison of 

optimized thermoreversible gel of CJC (500 mg/ml) with commercially available 

chlorhexidine gluconate gel (0.2%) using agar well diffusion demonstrated equal zone 

of inhibition against SM, EF, AA, PG & TF. Hence the formulated thermoreversible 

gel of CJC could serve as a novel herbal alternative to currently available periodontal 

treatment modalities. 

 

Keywords: Thermoreversible gel, cranberry, poloxamer 407, antiadhesion, 

antibiofilm and time kill assay, P gingivalis, biocompatibility studies  
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Introduction 

 

Dental materials research is an interdisciplinary field that involves material 

sciences, polymer sciences, pharmaceutical sciences and chemical sciences. 

Fundamentals of these disciplines are specifically involved in fabrication, handling 

and applications in local drug delivery of pharmaceutical active ingredient for various 

oral diseases. Dentistry involves treatment of several oral diseases wherein 

periodontitis is one of the major illness affecting majority of the population.
1
 

Periodontitis is a plaque induced inflammatory disease of the tooth supporting tissues 

resulting in progressive destruction of the periodontal structures.  It is a multifactorial 

polymicrobial infection involving Streptococcus species as primary colonizers which 

in turn cause favorable environment for secondary colonizers, (Porphyomonas 

gingivalis (PG), Tanerella forsythia (TF), Aggrigatibacter actinomycetumcomitans 

(AA)).
1, 2 

These organisms owning to their inherent ability to adhere to the tissue 

surfaces followed by successful biofilm formation and active tissue invasion plays a 

crucial role in the pathogenesis of the disease.
3 

Additionally, virulence factors like 

fimbrial proteins that enhances bacterial adhesion to host tissue surfaces followed by 

the robust proteolytic activities (proteinases- gingipains) exhibited by bacteria are 

imperative factors contributing to periodontal tissue destruction.
4
 Although scaling 

and root planing (SRP) is an essential phase of periodontal treatment, SRP alone fails 

to eliminate tissue invading pathogens suggesting the need for adjuvant antimicrobial 

therapy.
5 

Among various commercially available antimicrobial formulations used for 

periodontitis, chlorhexidine gluconate (CHX) remains the gold standard 

chemotherapeutic agents for intra oral applications due to its effective antimicrobial 

potential. Although CHX is clinically used in the form of mouthwash, spray, gel, tooth 

paste, varnish, irrigating agent and local drug delivery (perio chip) its side effects such 

as formation of supragingival calculus ,brown staining of teeth and tongue, taste 

alteration, oral desquamation in children , parotid swelling and anaphylactic reactions 

limits its use for long term purpose.
6,7,8 

Hence there has been a rise in the research 
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involving hunting for novel and alternative herbal formulations, especially to avoid 

side effects caused by synthetic allopathic medications. 

Dental medicine has become acquiescent to phytotherapy based on the 

evidence that, population regularly consuming food or beverages rich in 

phytochemicals into their diet have superior oral health.
9
 Since diet is a vital aspect 

that describes oral health, recent research has focused on commonly consumed food 

products like amla, strawberry and american cranberry fruit. Vaccinium macrocarpon 

owning to its unique polyphenol composition has been acknowledged for its medicinal 

properties such as anti-bacterial, anti-adhesion, anti-tumorigenic, anti- inflammatory 

and anti-oxidant activity.
10, 11, 12

 Although several independent studies have shown the 

use of cranberry as an antibacterial
13, 14

 but research relating to the impact of cranberry 

juice as a local delivery has perhaps never been explored till date.  

Development of newer therapeutic approaches against oral biofilm is 

challenging, as topically introduced antibacterial agents are not retained at required 

concentrations for prolonged period due to rapid clearance by saliva. Gels are one of 

the most commonly used vehicles for delivering antimicrobial agents to the targeted 

sites in periodontal therapy. However clinical application of conventional gel form is 

sometimes a tedious job as gels may soften or liquidate arbitrarily and seep away from 

the targeted site swiftly resulting in unpredictable therapeutic effects.
15

Significant 

research has been made in polymer science to improve the drug delivery of active 

agent to the targeted sites with ease of administration and accurate dosing. One such 

local drug delivery system involves the use of novel biodegradable thermosensitive 

polymer Poloxamer 407 (P407), which remains in liquid state at room temperature 

and turns into gel on exposure to body temperature. Thus, thermoreversible hydrogels 

are one of the most convenient and reliable vehicles to deliver active antimicrobial 

agents in to the periodontal disease sites with precise dose.
16, 17

 

Herein, the present investigation was focused on evaluation of antibacterial 

activities of cranberry juice concentrate against panel of microorganisms involved in 

periodontal and associated infection such as dental caries and peri-apical infections 

(Streptococcus mutans (SM), Enterococcus faecalis (EF), PG, AA and TF). Further, 
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the study was extended to formulate and compare the antimicrobial activity of 

thermoreversible gel of cranberry extract and commercially available CHX.  

 

Materials 

Frozen cranberries were procured from authorized distributor (Peony Food Products, 

Pune, India) imported from Canada and authenticated from Regional Medical 

Research Centre-Indian Council of Medical Research, Belagavi, Karnataka, India. 

Poloxamer 407 (P407) and CHX were obtained as free sample from BASF, Mumbai 

and Unilab chemical and pharmaceuticals Pvt. Ltd., Mumbai, India respectively. 

Dulbecco's modified eagle medium (DMEM), fetal bovine serum (FBS), and Pen 

Strep (penicillin and streptomycin mixture) were obtained from Gibco Life 

technologies, Bangalore. Gentamycin (4 mg/mL), Amphotericin (5 mg/mL), carbopol-

934 (C934), MTT (3-[4, 5- dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide), 

brain heart infusion agar and broth media were procured from Himedia Pvt. Ltd., 

Mumbai, India.  Primers (fim A and kgp) for RT-PCR studies were procured from 

Sigma Aldrich Inc, India  

 

Experimental methodology 

Preparations of cranberries juice concentrate 

Procured cranberries were washed thoroughly using distilled water to remove any 

surface impurities and stored at -80 °C until use. For extraction, frozen cranberries 

were crushed to form homogenous puree using a commercial blender and subjected to 

rotary evaporator (Buchi, Switzerland) at 55 °C for 1 h to obtain concentrated extract. 

The extract was finally purified by filtration through Whatman filter paper # 41 and 

subjected to lyophilization (Martin Christ, Germany) to yield dry powdered 

concentrate.
18 

Culture of Microorganisms
 

Bacterial cultures were obtained from the repository of Dr. Prabhakar Kore Basic 

Science Research Center, Belgaum, Karnataka India (S. Mutans (SM) ATCC 25175, 

E. Faecalis (EF)-ATCC 35550, TF-ATCC 43037, PG-ATCC 33277 and AA- ATCC 
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29523). Strains were maintained using brain heart infusion (BHI) agar plates at 37 °C 

for the growth of aerobic and anaerobic bacteria. Anaerobic cultures were incubated in 

anaerobic work station (KIM, Microsystem, India) supplemented with mixture of 

gases (N2:CO2:H2 in the ratio 80:10:10). 

 

 

Antibacterial assay  

Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC)  

MIC and MBC of cranberry juice concentrate (CJC) against SM, EF PG, TF and AA 

were determined by serial dilution method. Prior to the experimentation, bacterial 

culture concentration were standardized by using 0.5 Mcfarland standard. 

Accordingly, the lowest concentration of CJC showing growth inhibition was 

considered as the MIC whereas the lowest concentration of CJC that showed zero 

growth on BHI agar plates after spot inoculation and incubation for 24h (aerobes) and 

48h (for anaerobes) was recorded as MBC. All the experiments were performed in 

triplicate with appropriate controls.
19, 20 

 

Time kill assay  

Time kill assay was performed by inoculating cultures (SM, EF, PG, TF and AA) in 

media containing CJC equivalent to its MBC and MIC followed by streaking on BHI 

agar plates at predetermined time intervals. Time kill curves were plotted by assessing 

the colony forming units (CFU) with respect to time after incubation at 37 ºC for 24 h 

(aerobes) and 48h (anaerobes). 
21

 

 

Anti-adhesion assay  

CJC corresponding to its MBC value was evaluated for their antiadhesion activity. 

Briefly 100 µl of test samples (CJC, CHX, & blank media) were transferred in 

triplicate to 96-well microplate. Bacterial culture (100 µl) was then added to each well 

to ensure a total volume of 200 µl except blank wherein 100 µl media was added and 
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the plates were incubated for 8h (aerobes) and 16h (anaerobes) at 37 °C. After 

incubation, the wells were washed thrice with distilled water followed by staining 

with 100 µl crystal violet (0.4% w/v in distilled water) for 15 min. The wells were 

further washed thrice to remove unbound crystal violet dye and dried for 2 h at 37 °C.  

Wells were then treated with 100 µl of 95% (v/v) ethanol to release the stain from the 

bacterial cells and the absorbance (A630) was recorded at 630 nm using ELISA plate 

reader (Lisa plus, India) and the mean percent inhibition was calculated by equation 1. 

The absorbance in blank well was subtracted from absorbance reading of test sample 

and percentage inhibition was expressed as mean percent inhibition ± SD.
22

 

Percent inhibition =
Absorbance of negative control−Absorbance of test 

Absorbance of negative control
×

100………Equation 1 

Antibiofilm assay 

For evaluation of anti-biofilm activity of CJC, 100 µl of bacterial culture was added to 

each well and incubated for 4 h (aerobes) and 8 h (anaerobes) at 37 °C to allow 

biofilm formation. Following incubation, 100µl of test samples corresponding to their 

MBC values (CJC, CHX, and blank media) were transferred in triplicate to 96-well 

microplate to make up the volume upto 200 µl followed by incubation for 24 h 

(aerobes) and 48 h (anaerobes) at 37 °C. Crystal violet assay were carried out as 

previously mentioned and the inhibition of biofilm formation was determined by 

equation 1. The results were expressed as mean percent inhibition ± SD. 
22

 

 

Biocompatibility assay of CJC  

Periodontal fibroblasts were isolated from healthy teeth extracted due to orthodontic 

reasons.  The extracted tooth was immediately transferred to sterile tube containing 

phosphate buffer solution (pH 7.4) and processed for isolation of fibroblasts.  Under 

aseptic conditions the root surface was planed with Bard Parker blade #15 followed by 

isolation of periodontal fibroblasts by incubating the tissue samples in Dulbecco’s 

modified Eagle’s media (DMEM) supplemented with FBS and antibiotics. Viable 

isolated fibroblasts cell suspension (50µl) with density 1×10
5
 cells/ml concentration 
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(determined by tryphan blue exclusion method using neubauer chamber) was seeded 

into each well in a flat bottom 96 well microtiter plate followed by addition of test 

sample (100 µl) and the final volume was made up to 250 µl by adding DMEM. 

Sterilized CJC (500 mg/ml) and CHX (0.2% v/v) of varying dilutions (100, 50, 25, 

12.5 and 6.25 %) was added to the wells and incubated for a period of 24 h in CO2 

incubator (Eppendorf, New Brunswick, Galaxy 170R, Germany) maintained at 37 °C, 

5% CO2 with 95% humidity until the completion of experiments. After 24 h of 

incubation, 20 µl of MTT reagent (3-[4, 5- dimethylthiazol-2-yl]-2, 5-diphenyl 

tetrazolium bromide, 5 mg/ml in PBS) was added to each well and kept for 4h 

incubation in dark place. The supernatant was carefully removed without disturbing 

the precipitated formazan crystals and 200 µl of dimethyl sulfoxide (DMSO) was 

added to dissolve the formazan crystals. The absorbance (A570) was measured by 

using ELISA plate reader (Lisa plus, India) at 570 nm. The study was performed in 

triplicates and percent cell viability of the CJC was calculated using following 

equation 2. 
23

 
 

 

Percent cell viability

=
Mean absorbance of test compound

Mean absorbance at control (untreated cells)
× 100. . Equation 2 

 

Effect of CJC on fimbrial protein (fimA) and lysine gingipain (kgp) gene 

expression  

Based on the results of the antimicrobial activity, the CJC was further tested for its 

effect on fimA and kgp gene expression. The real time quantification of CJC on the 

expression of several PG virulence factor genes involved in host colonization and 

tissue destruction i.e., fimbrillin (fimA) gene
24

 and Lys-gingipain (kgp gene) 
25, 26 

respectively was determined. The bacteria were grown to mid log phase (OD660 ~ 

0.45)
 
where in PG was treated with CJC in the concentration range of 12.5, 25 and 50 

mg/mL and liquid culture of PG without extract (negative control) were incubated at 

37 °C under anaerobic conditions for 12 hour. After incubation period, PG was 

collected by using high speed minicentrifuge (Eppendorf centrifuge 5415R, Germany) 
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at  13,000 rpm for 10 min followed by isolation and purification of total RNA by 

innuPREP RNA Mini Kit (Analytik Jena, Germany) using NanoDrop® 

Spectrophotometer (JH BIO, USA). Purified and analysed total RNA was used to 

prepare cDNA using High- Capacity cDNA Reverse Transcription Kit (Applied 

Biosystems/Thermo Fisher Scientific, USA) in RT-PCR according to the 

manufacturer protocol. Reaction mixture was maintained at 25 °C for 10 min, 37 °C 

for 120 min and finally 85 °C for 5 min. In the present investigation, fimA and kgp 

mRNA expression was estimated by RT-PCR wherein 16SrRNA gene was used as an 

internal control for data normalization. Finally the reactions were performed in 

triplicate using 10 μL of PCR mixture containing 5 μL of SsoFast™ EvaGreen® 

Supermix (Bio-Rad Inc, USA), 1μL of cDNA, 0.5μL of gene-specific primer (Sigma 

Aldrich , Bengaluru, India; Table 1), and 3μL of RNase- and DNase-free water. 

Amplification of samples was performed by a Bio-Rad CFX96™ Real- Time PCR 

System (Bio-Rad Inc, USA) at 95 °C for 30 sec followed by 39 cycles at 95 °C for 5 

sec, 56 °C for 5 sec and finally analysed by ΔΔCt method.
27 

 

 

Table 1: Details of primers 

 

Gene Primer Sequence  (5' to 3') Size 

16S rRNA 

 
Sense: TGTAGATGACTGATGGTGAAA 

Antisense: ACTGTTAGCAACTACCGATGT 
138 

fimA Sense: CAGCAGGAAGCCATCAAATC 

Antisense: CAGTCAGTTCAGTTGTCAAT 
140 

Kgp Sense: AGCTGACAAAGGTGGAGACCAAAGG 

Antisense: TGTGGCATGAGTTTTTCGGAACCGT 
186 

                                                                          

Preparation and optimization of in situ CJC thermoreversible gel 

Thermoreversible gel of CJC was formulated by cold method wherein P407 and C934 

in varying concentrations were mixed with CJC to yield a thermoreversible gel. 

Briefly, P407 solution in the concentrations (16, 17, 18, 19 and 20% w/v) were 

prepared by constant stirring (magnetic stirrer, IKA, Germany) at 300 rpm in a 
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transparent 10 ml glass bottle for 2 h and stored in the refrigerator overnight to obtain 

clear solution. Optimization of CJC loaded P407 gel was done by varying the 

concentration of P407 and evaluated for gelation temperature which is considered as 

one of the critical factor for optimization. Batches containing optimized concentration 

of P407 was used to study the effect of mucoadhesive polymer-carbopol 934 (C934) 

on gelation temperature and mucoadhesive strength.
 28 

 

Evaluation of thermoreversible gel  

Formulated gel was evaluated for its gelation temperature, gelation time, viscosity, gel 

strength and mucoadhesive strength. Gelation temperature was measured by visual 

observation method. P407 solution was placed in a test tube and kept in water bath 

and the temperature was increased with an increment of 1 ºC/min. The point at which 

the meniscus would no longer move upon tilting the test tube through an angle of 90º 

was recorded as gelation temperature.
 29

    

The gelation time of the formulations was measured by keeping the cold solution 

of P407 (16, 17, 18, 19 and 20 % w/v) at its gelation temperature with continuous 

stirring at 100 rpm using magnetic stirrer (IKA, Germany). The time at which the 

magnetic bead stopped moving was recorded as gelation time. 

The gel viscosity was determined with a thermostatically controlled Brookfield 

programmable Rheometer (Brookfield CAP 2000+, Brookfield Engineering 

Laboratories, Middleboro, MA) coupled with CAP-01 spindle. Viscosity of all the 

formulations (CJC1, CJC2, CJC3, CJC4 and CJC5) was measured at a fixed shear rate 

of 133 seconds
−1

 and analyzed by using the Capcalc software. 

Gel strength of the formulation was estimated by placing the 50 g of the gel in a 

100-ml graduated cylinder and gel was maintained using thermostatically controlled 

water bath at 37 °C. A weight of 35 g was placed onto the gel and the time (s) 

required by the weight to penetrate 5 cm deep into the gel was recorded as gel 

strength. 
28, 29

 

Mucoadhesive strength of gel was determined by measuring the minimum 

detachment force required to separate the gel formulation from porcine buccal 

mucosa. Buccal mucosa was obtained from a local slaughter house after the pigs were 

freshly sacrificed. Two porcine oral mucosal tissue (1 mm thickness)  portions 
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measuring approximately 20 x 20 mm
2
 were fixed with two different glass slides 

using cyanoacrylate glue and was hydrated with 100µL of phosphate buffer pH 6.8 

maintained at 37 + 1 
o
C.  One glass slide was fixed on the underneath portion of a pan 

balance with two sided adhesive tape. The other slide was fixed on wooden board of 

balance in such a way that the tissue had been just beneath and facing upper tissue. 

Gel (100 mg) was placed in between two mucosal tissues and held in contact for 2 min 

followed by introduction of dummy granules slowly into the other pan until the tissues 

get separated. Minimal weight required to detach the mucosal tissue from the surface 

of each formulation was recorded as mucoadhesive strength and expressed as the 

detachment stress in dyne/cm
2
. 

16, 17, 24
 Experiments were performed in triplicates and 

the strength was calculated by the equation 3, m = weight required for detachment in 

grams, g = acceleration due to gravity (980 cm/s
2
) and A = area of mucosa exposed.  

 

Mucoadhesive strength =
mg

A
× 100 … . equation 3 

 

Stability studies of gel  

Optimized formulation was evaluated for its stability at accelerated conditions (25 ± 2 

°C; 60 ± 5 % RH) as per ICH stability guidelines Q1A (R2). Samples were collected 

every month for a period of 3 months and evaluated for gelation temperature, gelation 

time and viscosity.
30

  

 

Antibacterial activity of thermoreversible gel  

Comparative evaluation of antibacterial activity of CJC and CHX gel was carried out 

via agar well diffusion assay (antibiotic susceptibility testing) against SM, EF, PG, TF 

and AA. Sterilized BHI agar plates was prepared using biological safety cabinet level 

II and incubated at 37 °C in a bacterial incubator overnight prior to initiation of 

experiments. Agar plates were dried for 15 min and then seeded with suspensions (100 

µl) of test bacteria (standardized by using 0.5 McFarland standard which is equal to 

1.5×10
8
 CFU/mL) to make a uniform lawn of bacteria. Thermoreversible CJC and 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

13 
 

CHX gels were placed in wells and incubated at 37 °C for 24 h (aerobes) and 48 h 

(anaerobes).
19

 

 

 

Results and Discussion 

Minimum inhibitory concentration and minimum bactericidal concentration 

The MIC is the lowest concentration of an antimicrobial agent that prevents the 

bacterial growth (bacteriostatic) and MBC is the minimum concentration of the 

antimicrobial agent that kills a defined fraction of bacteria (bactericidal). The MIC 

and MBC values of CJC and CHX (Table 2) indicated that CJC exhibited effective 

antimicrobial activities against aerobic and anaerobic bacterial strains. Effect of CJC 

against SM, EF, PG, AA & TF confirms its potent antimicrobial activity.  

 

Table 2: Minimum inhibitory concentration and minimum bactericidal concentration 

of cranberry juice concentrate 

Micro 

organisms  

CJC CHX  

MIC 

(%w/v) 

MBC 

(%w/v) 

MIC 

(%v/v) 

MBC 

(%v/v) 

SM  5 10 0.00625 0.0125 

EF 5 10 0.00625 0.0125 

PG  5 10 0.0125 0.025 

AA  5 10 0.0125 0.025 

TF  5 10 0.00625 0.0125 

 

Time kill assay  

 

As a further extension of the MIC and MBC, time kill studies were initiated. Figure 1 

demonstrates time dependent microbicidal action of CJC at MBC and MIC. There was 

a linear relationship between log CFU versus time. Slope of the line of regression (K) 

could be used for the analysis of bactericidal activity of CJC against aerobic and 
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anaerobic bacteria. Data shown in table 3 confirms that the time required to achieve a 

2log10 reduction (D*) and 1log10 reduction (D) in viable cells differ with the organisms 

indicating varying sensitivity to CJC.  

 

Time kill curve of CJC against aerobes at MBC
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Time kill curve of CJC against anerobes at MBC
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Figure 1: Kill curve of reference bacterial cultures at MIC and MBC of CJC (error 

bars not shown as deviations from the mean values are <0.1 × log10) 
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Table 3: Microbicidal activity of CJC at MBC and MIC against different bacterial 

strains 

Organisms  CJC 

D at MIC (h) D* at MBC (h) 

EF 23 20 

SM 23.5 21 

AA 45 44 

PG 48 42.5 

TF 40 44 

D = time required to achieve 1 log10 reduction total viable cell count.  D* = time 

required to achieve 2 log10 reduction total viable cell count 

Anti-adhesion activity  

Bacterial adhesion to tissue surface is the initial and crucial segment in the 

pathogenesis of periodontitis. Within nanoseconds after mechanical plaque control 

(professional / personal) adsorption of saliva derived glycoproteins and pellicle 

formation takes place, which serves as receptor for subsequent microbial colonization 

and biofilm formation.
31 

Bacterial expression of protein adhesins like capsule, 

fimbriae and flagella aid in the bacterial adhesion to tissue surface through an 

exquisitely sensitive interaction. It has been postulated that inhibiting the initial 

adhesion of bacteria onto the substratum can prevent the development of biofilm.
32

 

The antiadhesion potential of CJC and CHX against SM, EF, PG, AA and TF 

evaluated in the present study suggests that activity of CJC was relatively better when 

compared to CHX for aerobes (figure 2). For anaerobes, CJC displayed greater 

antiadhesion potential than CHX against PG and TF whereas for AA both CJC and 

CHX displayed similar antiadhesion activity. Results clearly demonstrated that CJC 

has relatively better antiadhesion properties when compared to CHX. One of the 

primary reason for antiadhesion activity of CJC could be ascribed to the presence of 

polyphenols specially the proanthocyanidins.
33

Apart from this, other mechanisms of 
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antiadhesion activity of CJC can be explicated in a number of ways, first, CJC 

passively adhere to the substratum and produce an unfavorable film that promotes 

detachment, thereby reducing the surface adhesion, second it could be due to its 

ability to inhibit adhesins like fimbrial protein involved in bacterial adhesion which 

was further confirmed experimentally through RT-PCR, The success of CJC 

interfering with bacterial cell attachment as shown in the present study is a promising 

tool for reducing microbial colonization on tooth surface and oral mucosa.  
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Figure 2: Antiadhesion activity of CJC and CHX against SM, EF, AA, PG &TF. Each 

data point represents mean ± SD (n=3) 

 

Antibiofilm activity  

The highly structured and complex biofilm is considered as the main disease-

provoking culprit, which offers protection to organisms from host’s immunological 

defense mechanisms.
34

 Although microbial background of periodontal disease 

supports the use of adjunct antimicrobials in  periodontal therapy, indiscriminate use 

of antimicrobial agents has resulted in increased levels of resistant microorganisms. 

Biofilm is a fascinating structure which demonstrate greater resistant to antimicrobial 

agents when compared to organism in planktonic form.
35

 Several factors have been 
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attributed to the resistance in biofilms; exopolysaccharides that surround biofilm aid 

in shielding microbial cells within the biofilm by preventing desiccation and attack by 

harmful agents.
33

 The antibiofilm  potential of CJC and CHX against SM, EF, PG, AA 

and TF evaluated in the present study suggests that activity of CJC was relatively 

better when compared to CHX for aerobes (figure 3). For anaerobes, CJC displayed 

greater antibiofilm potential than CHX against PG and TF whereas for AA both CJC 

and CHX displayed similar antibiofilm activity. Antibiofilm activity of CJCs found in 

the present study could be attributed to the presence of polyphenols, specifically the 

proanthocyanidins, which is known to inactivate glucosyltransferase and 

fructosyltransferase that catalyze the formation of glucan and fructan respectively, 

which play prime role in biofilm formation and maturation.
35 

It has also been reported 

that the polyphenols in cranberries led to the desorption of biofilm by interfering with 

bacterial coaggregation.
14

 Cranberry polyphenols could thus allow reductions in the 

use of antibiotics, thereby preventing the development of bacterial resistance 
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Figure 3: Antibiofilm activity of CJC and CHX against SM, EF, AA, PG and TF. 

Each data point represents mean ± SD (n=3) 
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Biocompatibility assay  

Biocompatibility is an important parameter to be evaluated for any biomaterial 

intended for in vivo biomedical application. The cytotoxicity of CJC and CHX were 

studied on periodontal fibroblast cells under in vitro conditions by using colorimetric 

MTT assay. Results were measured in terms of the intensity of the color formed on 

solubilization of formazan crystals which is directly proportional to the number of live 

cells. Results of biocompatibility assay demonstrated that CJC (500mg/ml) displayed 

more than 90% viability when compared to CHX (0.2%) which showed 83% cell 

viability. Better biocompatibility of CJC in comparison with CHX indicate that CJC 

can be an effective alternate for synthetic antimicrobial agents for oral therapeutics 

(figure 4).   
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Figure 4: Biocompatibility studies of cranberry juice concentrate and chlorhexidine 

against periodontal fibroblast cell lines. Each data point represents mean ± SD (n=3) 

 

 

Effect of CJC on fimbrial protein (fimA) and lysine gingipain (kgp) gene 

expression  

PG, the key stone pathogen of periodontitis which colonizes and cause tissue 

destruction is often accomplished by a variety of putative virulence factors including 

fimbriae, lipopolysaccharides, proteases, and outer membrane proteins.
36

 PG fimbriae 
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(fimA) are filamentous components on the cell surface, aid in the bacterial adhesion 

and invasion of periodontal tissues. Similarly, gingipains are the main proteases 

produced by PG that contribute to the virulence properties of this bacterium since they 

degrade a large variety of host proteins such as collagen.
5 

In the present study, effect 

of CJC on the activity of PG derived virulence factors such as fimA and Kgp were 

assessed using RT-PCR technique. Results (figure 5) suggested that CJC down 

regulated fimA and kgp gene expression suggesting dose dependent inhibitory action 

against PG. Treatment of CJC in the concentration range of 12.5 , 25, 50 mg/ml to PG 

led to decrease in expression of kgp gene (88%,97.5% and 98% respectively) and fimA 

gene (30%, 39% and 75% respectively). RT-PCR studies demonstrated that the CJC 

efficiently inhibits fim A and kgp gene expression, which are major factors required 

for their growth, survival and pathogenicity. The present investigation explores the 

ability of polyphenols (proanthocyanidine, quercetin, and other flavonoidal 

phytochemicals) present in CJC to attenuate the virulence of PG by reducing the 

expression of genes coding for important virulence factors. As mentioned above, these 

chemical constituents of CJC can affect multiple pathways of PG involved in 

development of periodontal disease.
37

 Coordination among these pathways (figure 6) 

might have resulted in inhibition of PG derived virulence factors. These observations 

suggest that the CJC has the potential to limit the multiplication of PG in periodontal 

pockets by limiting the availability of the amino acids and peptides required for their 

growth; it may also inhibit tissue destruction mediated by bacterial proteinases.  This 

work strengthens the claim that traditional medicinal plants like cranberries can play 

essential role in periodontal treatment modality by acting at the molecular level. While 

many components of CJC have been described, further studies are needed to isolate 

the active phytochemicals and decipher the molecular pathways that are regulated by 

this herb.   
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Figure 5: Influence of CJC on expression of kgp and fimA gene. Each data point 

represents mean ± SD (n=3) 

 

 

 

 

 

 

 

 

 

Figure 6: 

Diagrammatic 

representation of mechanism of action of CJC on P gingivalis 

 

Preparation and optimization of in situ CJC thermoreversible gels   

Thermoreversible gel was formulated with a novel thermosensitive polymer P407 

(copolymer of polypropylene glycol and polyethylene glycol) which has the potential 

to form gel when exposed to higher temperature. This thermoreversible property of 

poloxamer was manipulated and concentration was optimized so as to deliver the CJC 

in periodontal pocket with temperature in the range of 33.4 - 36.1°C.
38

 It was observed 
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that poloxamer in the concentration of 19%w/v and carbopol in the concentration of 

0.2%w/v demonstrated desirable gelation temperature which is considered as the 

prime factor for optimization of gels (Table 4, Figure 7).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Representative photograph of CJC thermoreversible gel at (a) room 

temperature  (24 °C) and (b) gelation temperature (32 °C) 

 

 

Evaluation of gel  

Formulated gels were evaluated for its gelation temperature, gelation time, viscosity, 

gel strength and mucoadhesive strength (Table 4 and 5). In periodontitis, the 

subgingival temperature of moderate to deep pocket ranges from 33.4 - 36.1°C.
38

 Thus 

to maintain the active drug in the periodontal pocket and achieve successful 

periodontal therapy gelation temperature of ≤32 ºC was considered and formulation 

CJC3 was considered for further studies. 

Results of gelation temperature of CJC thermoreversible gel (Table 4) suggests 

that the gelation temperature is directly proportional to the concentration of poloxamer 

thermoreversible polymer. P407 is known to exhibit in-situ gelling property due to 

their negative coefficient of solubility to form block copolymer micelles. Increase in 

temperature was directly proportional to the number of micelles formation leading to 

construction of tightly packed micelles which subsequently forms gel. 

Thermoreversible gels are expected to turn into gel form at a specific temperature and 

exist in solution form when stored at room temperature. The influence of C934 at 

varying concentrations on gelation confirms that all formulations were converted to 
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gel form in the range of 27 - 32ºC. Results indicate that the concentration of C934 was 

indirectly proportional to gelation temperature.  

Gelation time is defined as the time taken by the thermoreversible gel system to 

completely convert from sol to gel at a specific gelation temperature. In the present 

investigation, it was observed that P 407 at 19% w/v concentration showed gelation 

time as 45 s (table 4).  This time duration was considered as optimum for subgingival 

local drug delivery system for periodontitis.  

 

 Table 4: Gelation temperature and gelation time of gel at different concentrations of 

P407 

 

Poloxamer 407 

(%w/v) 
Gelation temperature (

°
C) Gelation time (s) 

16 No gelling till 40 No gelation till 60 

17 Viscosity increased at 38 No gelation till 60 

18 35 – 36 51.66 + 1.15 

19 33 – 34 45.66 + 1.15 

20 29 – 30 44.66 + 0.57 

Mean + SD, n=3, bold values indicate the optimized batch 

 

Table 5: Evaluation of thermoreversible gel 

 

Formulation 

code 

P407  

(%w/v) 

C934 

(%w/v) 

Gelation  

temperature 

(ºC) 

 

Gelation 

strength 

(s) 

Mucoadhesive 

strength 

(dynes/cm
2
). 

CJC1 19 - 32.66 + 1.15 23 1289 

CJC2 19 0.1 32.66 + 0.51 38 1683 

CJC3 19 0.2 31.33 + 1.03 46 1960 

CJC4 19 0.3 29.0 + 1.73 50 2280 

CJC5 19 0.4 28.33 + 1.52 53 2400 

Mean + SD, n = 3, bold values indicate the optimized batch 
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Adequate drug-microbial contact time is another critical factor for an 

antimicrobial agent to exert its bactericidal or bacteriostatic effects against targeted 

microorganisms. The rapid clearance of agents from the periodontal pocket limits the 

efficacy of locally applied, nonbinding antimicrobial agents in periodontal treatment. 

Thus, an optimal gel strength and mucoadhesive strength is required for a 

thermoreversible gel to be considered as an effective drug delivery system. The results 

obtained for gel strength of all the formulations are stated in table 5 and figure 8. It 

was observed that gel strength was directly proportional to the concentration of 

mucoadhesive polymer C934 in the formulation.  

The mucoadhesive potential of the gel was determined by measuring the 

force required to detach the gel formulation from buccal mucosal tissue. Results of the 

mucoadhesive strength (Table 5) clearly inferred that the mucoadhesive strength was 

directly proportional to the concentration of C934. The reason was attributed to the 

presence of high molecular weight of C934 with abundant carboxylic groups, which in 

contact with water forms hydrogen bond and readily swells in water, providing a large 

adhesive surface for maximum contact with the mucin (the glycoprotein predominant 

in the mucous layer). Hence higher mucoadhesive strength and gelatin like structure 

may prolong drug retention in tissue leading to subsequently increase in permeation 

across mucosal tissue. 

Viscosity for in situ gel formulations (figure 9) shows that the viscosity of each 

formulation increased with increase in the temperature. Further there was a sharp rise 

in viscosity at gelation temperature which was maintained at the constant value upto 

35 °C.  

 

Stability studies of thermoreversible gel  

Optimized formulation evaluated for its stability at accelerated conditions (25 ± 2 °C; 

60 ± 5 % RH) as per ICH stability guidelines Q1A (R2) displayed no remarkable 

change in terms of gelation temperature, gelation time and viscosity for a period of 3 

months. The results clearly suggested that the formulated thermoreversible gel of CJC 

was found to be stable.  
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Figure 8: Gel strength of CJC thermoreversible gel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Viscosity of CJC thermoreversible gel 
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Antibacterial activity of thermoreversible gel 

Based on the antimicrobial activity against panel of organisms (EF, SM, AA, PG and 

TF) and RT-PCR studies, the thermoreversible gel of CJC was formulated and 

optimized with desirable characteristics for treatment of periodontal infections. 

Formulated gel was hence finally compared for its antimicrobial efficiency with 

existing commercially available synthetic CHX gel formulation. Comparative 

evaluation of antimicrobial activity of thermoreversible CJC gel (50 % w/v) with 

commercially available gold standard chlorhexidine gluconate gel CHXM 0.2% 

(Cervitec
® 

Gel, Ivoclar Vivadent AG, India) and laboratory chlorhexidine gel (CHXL 

0.2%) against SM, EF, PG, AA & TF was performed using well diffusion method.  

Results of well diffusion assay (figure 10) clearly suggest that the zone of inhibition of 

CJC gel was equivalent with CHXM gel and CHXL for SM, EF, TF and AA (22 mm) 

confirming the potential of herbal extract for its use in periodontal infections. 

Regarding PG, the results clearly demonstrated relatively increased zone of inhibition 

of CJC gel (24 mm) when compared to CHXM (22 mm). These observations suggest 

that CJC has a potent antimicrobial activity with relatively higher sensitivity towards 

PG which is the major etiological agent in development of destructive periodontitis. 

These results supports that CJC can be used as a better herbal alternative to 

commercially available CHX gel. 
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Figure 10: Antibacterial activity of CJC thermoreversible gel formulation compared 

with commercially available chlorhexidine gel formulation (CHXM) and laboratory 

chlorhexidine (CHX L) against EF, SM, AA, PG and TF 

 

 

Conclusion: The present study represents the formulation of thermoreversible gel of 

CJC and its application in the treatment of periodontal diseases. CJC demonstrated 

MIC of 5 % and MBC of 10 % with potential antiadhesion and antibiofilm property 

against SM, EF, PG, TF & AA. Antiadhesion and antibiofilm activity of CJC 

suggested its potential for use in periodontal diseases. Absence of cytotoxicity of CJC 

against isolated periodontal fibroblasts confirms its biocompatible, nontoxic nature 

making it appropriate for dental application. Antibacterial activity of CJC was 

mechanistically supported by real time PCR, which demonstrated dose dependent 

down regulation of PG derived virulence factor genes (fim A and kgp). 

Thermoreversible gel formulation of CJC was found to have a desirable gelation 

temperature of ≤32°C, which is ideal for subgingival application in periodontitis. CJC 

thermoreversible gel (50 % w/v) when compared with commercially available 

chlorhexidine gel (0.2% Cervitec
® 

Gel, Ivoclar Vivadent AG, India) demonstrated 
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similar of inhibition (22-24mm) against panel of micro-organisms associated with 

periodontal and peri-apical infections (SM, EF, TF, PG& AA). Hence the formulated 

novel thermoreversible gel of CJC could serve as an effective alternative local drug 

delivery for the treatment of periodontal and associated oral infections.  
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Highlights 

 Cranberry juice concentrate (CJC) demonstrated antimicrobial activities against 

periodontal pathogens.   

 CJC demonstrated down regulation of the P gingivalis derived virulence factors 

(fimA and kgp). 

 Thermoreversible gel of CJC was formulated and optimized by using 

poloxamer 407 and carbopol 934. 

 Formulated gel could serve as a novel herbal alternative to existing periodontal 

treatment modalities.  
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INTRODUCTION

The ultimate aim of vital pulp therapy is the treatment of 
reversible pulpal injuries in primary and permanent teeth, 
maintaining the vitality and function of dental pulp. Vital 
pulp therapy includes two therapeutic approaches; i.e., 
indirect pulp treatment in cases of deep dentinal cavities 
and direct pulp capping or pulpotomy in cases of pulp 
exposure.1 No area of treatment in pediatric dentistry has 
been more controversial than vital pulp therapy, which has 
been debated for decades now.2 Formocresol, first intro-
duced by Buckley in 1904, has long been considered the 
“gold standard” to which all other medicaments have been 
compared for pulpotomies in primary teeth. It is preferred 
because of its excellent bacteriostatic and fixative proper-
ties, and it has a success rate ranging from 55 to 98%.3

But, many concerns have been raised over the use 
of formocresol, mainly due to its toxicity and potential 
carcinogenicity.1 The constituents of formocresol, formal-
dehyde (a mutagen and carcinogen), and cresol (a caustic 
agent) still raise concerns among dentists and patients, 
even though its systemic distribution has resulted in no 
documented ill effects.3 Also, the International Agency for 
Research on Cancer (IARC) has classified formaldehyde as 
carcinogenic to humans in June 2004, leaving the profes-
sion to look for other viable alternatives to formocresol.4

Several pulp dressing medicaments have been pro-
posed to maintain radicular pulp vitality that are equal 
to, if not better than, formocresol and can be used as 
alternatives to pulpotomies in primary teeth. These 
include electrosurgery, laser, glutaraldehyde, calcium 
hydroxide, freeze-dried bone, mineral trioxide aggregate, 
and sodium hypohlorite.1,5,6

Hence, the purpose of the present study was to evalu-
ate and compare the clinical pulp response and radio-
graphic signs after pulpotomy in four groups of primary 
molar teeth treated with formocresol (control), propolis 
extract, turmeric gel, and calcium hydroxide respectively.

MATERIALS AND METHODS

The ethical clearance for the study was obtained from 
institutional ethical board, KLE VK Institute of Dental 
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ABSTRACT
Aims: Despite various advents in technology, the present era 
marks a shift to phytotherapeutics and alternative modalities 
to conventional endodontic treatments. Newer endodontic 
modalities have been developed inculcating the ancient system 
of medicine. The present study was done to compare and 
evaluate the clinical pulp response and radiographic signs 
after pulpotomy in four groups of primary molar teeth treated 
with formocresol (control), propolis extract, turmeric gel, and 
calcium hydroxide respectively.

Materials and methods: Following ethical clearance, 90 primary  
molar teeth in 45 pediatric patients, aged between 4 and  
9 years, were selected for pulpotomy. These were then randomly 
divided by split-mouth technique into two groups as experimental 
(propolis extract/turmeric gel/calcium hydroxide) and control 
(formocresol) groups. The patients were followed up for 6 months 
for clinical and radiographic signs and symptoms to evaluate the 
success of treatment.

Results: A comparable clinical and radiographic success rate 
was seen with all experimental groups as compared to the 
control (formocresol) group.

Conclusion: With concerns about the safety of formocresol 
appearing in the dental and medical literature for more than  
20 years, the materials used in this study can be considered as 
promising alternatives for formocresol in pediatric endodontic 
treatment.
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Sciences, Belgaum, Karnataka, India. About 90 primary 
molar teeth in 45 pediatric patients aged between 4 and 
9 years were selected based on the criteria7 as:
•	 Exposure	of	vital	pulp	due	to	dental	caries,	approxi-

mating to the pulp radiographically.
•	 Absence	of	symptoms	indicative	of	advanced	pulpal	

inflammation, such as spontaneous pain or history of 
nocturnal pain.

•	 No	 clinical	 and	 radiographical	 evidence	 of	 pulp	
degeneration, such as excessive bleeding from the root 
canal, tenderness to percussion, swelling or sinus tract, 
mobility, internal resorption, interradicular, and/or 
periapical bone destruction, advanced physiological 
root resorption.

•	 Teeth	 should	 be	 restorable	 after	 completion	 of	 the	
procedure.
Patients with any systemic diseases, dentofacial 

anomalies, medical history, and nonrestorable teeth 
were excluded from the study. The teeth indicated for 
pulpotomy were assessed by a single caliberated clini-
cian who also performed the procedures/techniques 
and evaluated after 12 weeks. The teeth under study 
in case of selected children were chosen who required 
minimum two pulpotomies in either arch or same arch 
preferably each on the opposite side (i.e., right and left) 
(Figs 1 and 2). The teeth on the right side were assigned 
to the formocresol (control) group in all the patients. The 
teeth on the left side for 15 patients were assigned each 
for propolis (experimental group I), turmeric (experi-
mental group II), and light-cured calcium hydroxide 
(experimental group III) respectively.

Technique for Pulpotomy

The pulpotomy procedure was performed under local 
anesthesia rubber dam isolation. Following the estab-
lishment of cavity outline form, all peripheral caries was 

removed before the pulp was exposed. The coronal pulp 
was removed with a sharp spoon excavator. The pulp 
was amputated at the entrance of the root canals, and the 
pulp chamber was irrigated with normal saline to prevent 
dentin chips from being forced into the radicular pulp. 
Following irrigation, sterile cotton pellets were used and 
applied to the amputated pulp stumps to aid hemostasis 
(Fig. 3). Depending upon the group assigned, the amputa-
tion site was treated as follows:

Control Group

A cotton pellet dampened (duly blotted and virtually dry) 
with a 1:5 dilution of formocresol (Trisol, Vishal Dentocare 
Pvt. Ltd., Ahmedabad, Gujarat, India) was applied to the 
amputation site for 5 minutes and removed. A thick mix 
of zinc oxide eugenol cement was placed into the coronal 
pulp chamber. A layer of intermediate restorative material 
(IRM) was placed in the same appointment.

Experimental Group I

A cotton pellet moistened (after removing excess) with 
33% green propolis extract (water soluble Korean) was 
applied to amputation site for 5 minutes and removed.  

Fig. 1: Case selection for pulpotomy: Clinical criteria

Fig. 2: Case selection for pulpotomy: Radiographic criteria

Fig. 3: Technique for pulpotomy
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A thick mix of zinc oxide eugenol cement was placed into 
the coronal pulp chamber. A layer of IRM was placed in 
the same appointment.

Experimental Group II

Prepared turmeric (Curcumin longa) gel was placed 
directly on the amputation site for 5 minutes and a thick 
mix of zinc oxide eugenol cement was placed into the 
coronal pulp chamber. A layer of IRM was placed in the 
same appointment.

Experimental Group III

The amputation site was covered with light-cured calcium 
hydroxide and cured according manufacturer’s instruc-
tions. The remaining pulp chamber was filled with resin 
modified glass ionomer cement (GIC).

A confirmatory radiograph was taken (Fig. 4), and 
after 7 days, in the absence of any clinical symptoms, 
teeth were restored with stainless steel crowns (3M ESPE) 
cemented with luting (type I) GIC. The evaluation of the 
pulpotomized teeth at follow-up visits was done at 1, 3, 

and 6 months respectively by two standardized and cali-
brated examiners who were double-blinded. The patients 
were evaluated clinically and radiographically according 
to the following criteria3:
•	 Clinical criteria: Teeth were evaluated for the presence 

of any pain, soft tissue swelling, mobility, and other 
signs of clinical disease.

•	 Radiographic criteria: Intraoral periapical/bitewing 
radiographs were taken at the recall appointments 
and were evaluated for the presence of internal or 
external resorption, interradicular or periapical bone 
loss, or widening of periodontal ligament space.
The absence or presence of these signs and symp-

toms at the end of 1, 3, and 6 months were used for 
determination of cumulative success and failure of teeth 
respectively. All the data were collected and statistically 
analyzed using the Statistical Package for the Social  
Sciences software version 19.0.

RESULTS

At the end of 1 and 3 months, teeth in all groups were 
judged to be clinically and radiographically sound as 
perceived by absence of clinical signs and symptoms and 
intraoral radiographs. However, at the end of 6 months, 
one tooth in the experimental group I (propolis) exhibited 
signs of radiographic failure but was clinically judged 
to be free of symptoms. Similarly, failures in the form of 
internal resorption was seen in two teeth of experimental 
group II (turmeric) (Fig. 5) which too were free of any 
clinical signs and symptoms. Conversely, in experimental 
group IV (calcium hydroxide), four teeth were found to be 
failures, as observed on radiographs (Fig. 6). Out of these, 
three teeth were accompanied with clinical symptoms of 
pain (two cases) and abscess (one case) (Table 1, Graphs 1 
and 2). All the teeth from the control group (formocresol) 
were judged to be clinically and radiographically sound 
at the end of 1, 3, and 6 months.

Fig. 4: Completed pulpectomy procedure

Fig. 5: Radiographic failure in the form of internal resorption 
seen with turmeric pulpotomy

Fig. 6: Radiographic failure in the form of internal resorption 
seen with calcium hydroxide pulpotomy
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The comparison between the success rates of the 
various test materials was done using Fisher’s exact test. 
No statistically significant difference was found in the 
clinical and radiographic success rates of the various test 
materials when compared individually (Tables 2 to 4).

DISCUSSION

There is overwhelming concern worldwide about the 
risk of environmental mutagens and carcinogens, like 
formaldehyde, to children. The increase in cancer has 
been linked to mutagenic and carcinogenic agents. Since 
June 2004, the IARC has reclassified formaldehyde as a 
known human carcinogen. Recently, formaldehyde has 

been strongly associated with leukemia while generally 
accepted as a direct cause of nasopharyngeal cancer.

Despite the hundreds of articles that have supported 
the mutagenicity (genotoxicity), carcinogenicity and  

Table 1: Success and failure rate of propolis, turmeric, calcium hydroxide, and formocresol pulpotomies (Note: There is no statistical 
test possible as formocresol has no failure rate, which means all are zero for failure. So, only percentages can be expressed.)

Groups
Radiographic Clinical

Frequency Percentage Frequency Percentage
Propolis (experiment I) Failure 1 6.7 0 0

Success 14 93.3 15 100
Turmeric gel (experiment II) Failure 2 13.3 0 0

Success 13 86.7 15 100
Calcium hydroxide (experiment III) Failure 4 26.7 3 20

Success 11 73.3 12 80
Formocresol (control) Failure 0 0 0 0

Success 45 100 45 100

Graph 1: Success percentage assessed by radiographic 
findings

Graph 2: Success percentage assessed by clinical signs and 
symptoms

Table 2: Comparison between success rates of propolis  
and turmeric gel

Propolis vs  
turmeric gel

Clinical Radiographic
Frequency % Frequency %

Propolis Success 15 100 14 93.3
Failure 0 0 1 6.7

Turmeric Success 15 100 13 86.7
Failure 0 0 2 13.3

Fisher’s exact test Not applicable p-value = 0.612*
*Not statistically significant

Table 3: Comparison between success rates of propolis and 
calcium hydroxide

Propolis vs calcium 
hydroxide

Clinical Radiographic
Frequency % Frequency %

Propolis Success 15 100 14 93.3
Failure 0 0 1 6.7

Calcium 
hydroxide

Failure 3 20 4 26.7

Success 12 80 11 73.3
Fisher’s exact test p-value = 0.222* p-value = 0.329*
*Not statistically significant

Table 4: Comparison between success rates of turmeric and 
calcium hydroxide

Turmeric vs calcium 
hydroxide

Clinical Radiographic
Frequency % Frequency %

Turmeric Success 15 100 13 86.7
Failure 0 0 2 13.3

Calcium 
hydroxide

Failure 3 20 4 26.7
Success 12 80 11 73.3

Fisher’s exact test p-value = 0.224* p-value = 0.653*
*Not statistically significant
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toxicity of formaldehyde, it is still used today in full 
strength by an alarming number of clinicians around 
the world.8

The foundation of the argument against the use of 
formocresol in dentistry is the belief that, upon placement 
in the pulp chamber, unmetabolized formocresol (primar-
ily formaldehyde) becomes systemically distributed. Free 
formaldehyde present in the circulation could react with 
macromolecules, thereby potentially causing mutagenic 
and/or cytotoxic changes in muscle, liver, kidney, heart, 
spleen, and lung tissue.9

Owing to these concerns about the use of formocresol, 
various alternatives have been tried and tested over time. 
Calcium hydroxide had been proposed as a strong pro-
ponent for the replacement of formocresol for vital pulp 
therapy in children since its introduction. However, clini-
cal studies have proposed that complete and incomplete 
dentin bridges are formed in amputated pulps beneath 
calcium hydroxide. The results of the present study are 
in accordance with previous investigations done by 
Waterhouse et al,7 Magnusson et al, Markovik et al,10  
Huth et al,11 and Zurn et al.3 All these studies have 
reported inferior clinical and radiographic success rate 
of calcium hydroxide in comparison to formocresol over 
varying periods of time.1

All the earlier studies used the paste/powder liquid 
form of calcium hydroxide. Evidence from Waterhouse 
et al concluded that calcium hydroxide in its pure 
powder form was a clinically acceptable alternative to 
formocresol. The most frequently reported side effect 
with calcium hydroxide use in primary teeth is internal 
resorption. This phenomenon, as suggested by Heilig  
et al,12 occurs owing to the “embolization” process by 
which particles of calcium hydroxide induce focal points 
of inflammation into the pulp tissue.3 This was attempted 
to overcome by using a hard-setting calcium hydroxide, 
and the success rate was found to be 88% over a 9-month 
follow-up period. Another attempt to reduce emboliza-
tion was made with the use of visible light-cured calcium 
hydroxide, as it was thought that the resin material may 
stabilize the compound limiting its breakdown. However, 
no improvement in clinical and radiographic findings 
was observed by Zurn et al3 with the use of visible light-
cured calcium hydroxide; similar results were observed 
in the present study.

Propolis is reputed to have antiseptic, antibacterial, 
antimycotic, astringent, spasmolytic, anti-inflammatory, 
anesthetic, antioxidant, antitumoural, antifungal, anti-
ulcer, anticancer, and immunomodulatory effects. It has 
been used in a variety of applications, which include 
ointments and creams used in wound healing, treatment 
of burns, skin problems, and ulcers.

It has been known for a long time that propolis and 
its extracts have a positive effect on tissue regeneration. 
It is proved that alcoholic solution of propolis accelerates 
the tissue regeneration process, promotes the healing pro-
cesses in damaged cartilage, and enhances ossification in 
artificially induced bone defects. Also, ethanolic extract of 
propolis supports regeneration of dental pulp and reduces 
inflammatory and degenerative processes as well.13

There is a limited amount of evidence for the use of 
propolis in pediatric endodontic therapy, and most inves-
tigations in the past have focused on using propolis as 
a pulp-capping material in animal models. It was found 
that, in addition to having a low irritating potential, 
propolis induces a healing process in both epithelial 
and pulp tissue with formation of collagen and dentin 
bridges.14 Excellent clinical pulp response has been found 
with the use of propolis as a pulp-capping material in the 
present study. However, the radiographic failure may be 
attributed to disintegration of propolis compounds induc-
ing focal areas of inflammation into the vital radicular 
pulp tissue causing internal resorption similar to that of 
calcium hydroxide.

Curcumin longa, also called as turmeric, contains three 
curcuminoids: Curcumin as well as volatile oils (tumer-
one, atlantone, and zingiberone), sugars, proteins, and 
resins. It has a wide range of pharmacological applica-
tions, owing to its antioxidant, anti-inflammatory, and 
antimicrobial properties.15 Limited evidence is available 
on the pulpal response to curcumin formulations. In the 
present study, acceptable clinical and radiographic results 
were obtained with the use of turmeric as a pulpotomy 
agent in primary molars. Long-term histologic analysis 
is recommended to account for the failures that occurred 
in the present study with the use of turmeric.

CONCLUSION

As the controversy regarding the use of formocresol in 
vital pulp therapy of primary teeth is never-ending, its 
replacement with another material has become the need 
of the hour. With the combination of traditional medicine 
and the advent of technology, more phytotherapeutic 
materials are underway for finding the next gold standard 
material in pediatric endodontics. Excellent clinical and 
acceptable radiographic success was observed with the 
test materials. This study paves ways for further long-term 
studies to test the performance of the test materials used.
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ABSTRACT
Aim: To assess the level of vitamin B12 and correlate it with 
dental caries [decayed, missing, and filled permanent teeth 
(DMFT) score] and gingival diseases [plaque index (PI) and 
gingival index (GI)].

Design: Healthy children according to the inclusion criteria 
were selected by the computerized randomization method 
from a school to assess the vitamin B12 levels using Centaur/
Versace machine.

Materials and methods: Blood samples were collected to 
assess vitamin B12 levels using automated analyzer. Oral 
examination was done by a single calibrated dentist. A thorough 
oral examination was carried out and the DMFT, PI, and GI 
scores of all the children were recorded and assessed. Data 
were analyzed using Karl Pearson’s correlation test.

Results: Vitamin B12 levels were deficient in 64% of the 
children. In boys, vitamin B12 deficiency was found in about 
76.2%, whereas, in girls it was 57.1%, which was not statisti-
cally significant. The vitamin B12 deficient children showed a 
significantly high DMFT scores than the children with normal 
vitamin B12 levels. The Pearson’s correlation was –0.614 for 
DMFT, PI value –0.663, and GI value of –0.477. The negative 
correlation stated that there was a reverse relation between 
these indices and vitamin B12.

Conclusion: In children with systemic vitamin B12 deficiency, 
there is increased dental caries prevalence and associated 
gingival problems.

Keywords: Dental caries, Oral health, Vitamin B12.
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INTRODUCTION

Vitamin B12 is one of the important micronutrients for 
brain development and function. The developing brain 
was more sensitive to the deficiency of this micronutrient 
than the mature brain. Fetal requirements are obtained 
by active transport through the placenta. Vitamin B12 
(cobalamin) deficiency is common in Indians; largely 
owing to vegetarianism.1

Micronutrient deficiency is a serious childhood 
problem in developing countries. Deficiencies of vitamins 
A, B12, iron, folic acid, and zinc are preventable causes of 
poor child growth and school performance.2 Evidence 
regarding B12 deficiency, it’s incidence is unknown in 
India, however, recent studies suggests that it is commoner 
than thought. Large number of cases were reported with 
neurological manifestations. Studies by Wadia et al3 found 
vitamin B12 deficiency (below 200 pg/mL) in 0.88%, folic 
acid deficiency in 1.1% (below 3 ng/mL), deficiency of 
both in 2.4% patient, and 3.8% had levels near the lower 
limit of normal.3 It is common in India, owing to cultural 
and religious beliefs, low intake of animal source food, 
and strict vegetarianism.1,4,5

The consequences of cobalamin deficiency include 
poor growth, megaloblastic anemia, neurological mani-
festations include mood changes and altered sensory, and 
motor and cognitive functions.6

For the pediatric dentists, it is a matter of concern 
because oral health is the reflection of the body. Healthy 
teeth and gums provide a healthy body. Poor oral 
health has its effects to various organ systems, during 
pregnancy causing prematurity to long-term effects in  
off-springs, can be a risk factor to heart diseases. There are 
certain essential nutrients, micro- and macro-nutrients  
which are required for overall development of an  
individual.7,8

Vitamin B12 is found as cobalamin only in animal 
products. Many poor population or those who avoid 
animal products for religion or other reasons consume 
little or no Vitamin B12. Low serum B12 concentration 
is associated with a higher risk of harm to short-term 
memory, cognitive function, and higher risk of megalo-
blastic anemia.2,9-11
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Cobalamin deficiency is inadequate to support normal 
metabolic function.12 Inadequate intakes of nutrients, 
e.g., riboflavin, copper, vitamin D, and vitamin B12, are 
associated with increased caries experience.13

Thus, in this study, an attempt is made to assess the 
level of vitamin B12 and correlate it with dental caries and 
gingival diseases.

MATERIALS AND METHODS

The protocol of the present study was approved  
by the ethical committee and scientific review board of  
the university. The study comprised of 42 children in the 
age group of 10 to 14 years (n = 21 girls and n = 21 boys). 
The children were selected randomly according to the 
inclusion criteria. Children who were healthy and com-
pliant were selected. Children with any systemic illness 
or problems excluded from the study. Also, the patients  
not willing to accept proposed treatment plan and/or  
participate in the study were not included. Informed 
written consent was obtained from all the parents of 
children participating in the study. Assent was obtained 
from all the children participating in the study. After 
recording the preliminary information, clinical examina-
tion was carried out.

METHODOLOGY

All the adolescent children between the age group of 10 
to 14 years (21 girls and 21 boys) that fit into the study 
were selected by computerized randomization method 
and screened for vitamin B12 deficiency. Blood samples 
were collected by pathologist. Vitamin B12 levels were 
assessed by Centaur/Versace machine and hemoglobin 
levels by BEKMANN and COULTER LH 500 automated 
hematology analyzer.

Sample Collection and Storage

Serum

A serum separator tube was used and 3cc blood samples 
were allowed to clot for 2 hours at room temperature or 
overnight at 4°C before centrifugation for 20 minutes at 
approximately 1000 gm. Freshly prepared assay serum 
was immediately stored in aliquot at –20°C for later use. 
Repeated freeze/thaw cycles were avoided.

Plasma

Plasma was collected using Ethylenediaminetetraacetic 
acid or heparin as an anti coagulant. Samples were cen-
trifuged for 15 minutes at 1000 gm at 2 to 8°C within 30 
minutes of collection. Plasma and assay were removed 
immediately or samples were stored in aliquot at –20°C 
for later use. Repeated freeze/thaw cycles were avoided.

Oral Examination

Oral evaluation was done for all the children selected for 
the study. Before doing the oral examination, diet history 
and other relevant details if patient is under any vitamin 
or calcium supplements was noted.

Oral examination of all children, along with clinical 
examination of teeth and periodontal tissues were done 
by the same calibrated dentist. The visual examination 
was done under standard dental chair and light. Intraoral 
illumination was provided by a headlamp with the aid of 
an ordinary mouth mirror. A dental explorer was used for 
caries detection and gingival examination. All the teeth 
surfaces were dried and visualized. Scores for decayed, 
missing, and filled permanent teeth (DMFT) was done to 
assess the caries prevalence according to World Health 
Organization criteria.

Gingival health and oral hygiene scores were assessed 
using the gingival index (GI) (Löe and Silness, 1963) and 
plaque index (PI) (Silness and Löe, 1964). The GI scores 
are as follows: 0 = absence of inflammation/normal 
gingiva; 1 = mild inflammation, slight change in color, 
slight edema, and no bleeding on probing; 2 = moderate 
inflammation, moderate glazing, redness, edema, and 
hypertrophy; bleeding on probing; 3 = severe inflamma-
tion, marked redness, and hypertrophy ulceration and 
tendency to spontaneous bleeding. The PI scores are as 
follows: 0 = no plaque; 1 = a film of plaque adhering to 
the free gingival margin and adjacent area of the tooth. 
It can be seen by using a probe on the tooth surface;  
2 = moderate accumulation of soft deposits within the 
gingival pocket, or the tooth and gingival margin which 
can be seen with the naked eye; 3 = abundance of soft 
matter within the gingival pocket or on the tooth and 
gingival margin. The dental examination was done by 
one examiner only. The data were statistically analyzed 
by using Statistical Package for the Social Sciences 18 
software. Karl Pearson’s correlation method was used 
to find out the relation between the DMFT, GI, and PI 
and the level of vitamin B12. P-value less than 0.05 was 
considered significant.

Results: There were equal number of girls and boys 
in the present study. The case history revealed all the 
children had similar oral hygiene practices and did not 
have any other systemic problems or were not under any 
medication. The vitamin B12 levels were deficient in 64% 
of the children (Graph 1). In boys, vitamin B12 deficiency 
was found in about 76.2%, whereas, in girls it was 57.1% 
(Graph 1) which was not statistically significant. In the 
diet and gender distribution, 52.4% boys had a vegetar-
ian diet, whereas only 19% girls had a vegetarian diet 
(Graph 2). The mean DMFT score was 3.810, PI score was 
1.376, and GI score was 0.914. The vitamin B12 deficient 
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children showed a significantly high DMFT scores than 
the children with normal vitamin B12 levels. The Pearson’s 
correlation being -0.614 for DMFT, PI value of –0.663, and 
GI value of –0.477. In Tables 1 to 3, the diet and dental 

caries relation also showed that the dental caries was 
higher among the vegetarian diet as compared to the 
non-vegetarian diet (Tables 4 and 5). The negative cor-
relation stated that there was a reverse relation between  
these indices and vitamin B12 stating that when the 
vitamin B12 is deficient, there increase in dental caries 
and gingival problems.

Graph 1: Gender distribution and level of vitamin B12 Graph 2: Gender and the diet distribution

Table 1: Correlation between dental caries and vitamin B12 
levels using Karl Pearson’s correlation

 DMFT Vitamin B12

DMFT Pearson’s correlation  1 –0.614**
Sig. (2-tailed)  0.000
N  42  42

Vitamin B12 Pearson’s correlation –0.614**  1
Sig. (2-tailed)  0.000
N  42  42

**Correlation is significant at the 0.01 level (2-tailed)

Table 2: Correlation between plaque index and vitamin B12 
levels using Karl Pearson’s correlation

 PI Vitamin B12

PI Pearson’s correlation  1 –0.663**

Sig. (2-tailed) 0.000
N  42 42

Vitamin B12 Pearson’s correlation –0.663** 1
Sig. (2-tailed)  0.000
N  42 42

**Correlation is significant at the 0.01 level (2-tailed)

Table 3: Correlation between gingival index and vitamin B12 
levels using Karl Pearson’s correlation

 Vitamin B12  GI
Vitamin B12 Pearson’s correlation  1 –0.477**

Sig. (2-tailed)  0.001
N  42  42

GI Pearson’s correlation –0.477**  1
Sig. (2-tailed)  0.001

 42  42

Table 4: Correlation between diet, B12 deficiency,  
and DMFT scores

Mean DMFT score
Vegetarian Non-vegetarian

Deficient B12 Normal B12 B12 deficient Normal B12

5.4 1.4 4.08 1.7

Table 5: Correlation between diet and vitamin B12 levels using Karl Pearson’s correlation

Vitamin B12

Total
Average DMFT 
scoresDeficient Normal

Diet Vegetarian Count 10 5 15 4.5
% within diet 66.7% 33.3% 100.0%
% of total 23.8% 11.9% 35.7%

Non-vegetarian Count 18 9 27 3.04
% within diet 66.7% 33.3% 100.0%
% of total 42.9% 21.4% 64.3%

Total Count 28 14 42
% within diet 66.7% 33.3% 100.0%
% of total 66.7% 33.3% 100.0%
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DISCUSSION

Many elements in trace amounts are known to contrib-
ute to the oral hygiene and health.14 Vitamin B12 is an 
essential element which is not produced by the body. It 
is mainly found exclusively in animal products, such as 
meat, eggs, fish, minute quantities in milk, soy, etc.15 It 
is important in the early growth of the child as it affects 
brain development and function, memory, reasoning, 
attention, metabolism, formation of RBC’s, and oral 
hygiene as stated by various authors.12,15,16 Inadequate 
intakes of nutrients (e.g., riboflavin, copper, vitamin D, 
and vitamin B12) associated with increased caries expe-
rience. Adequate intake vs inadequate or high adequate 
intakes of nutrients (e.g., vitamin B12 and vitamin C) were 
associated with decreased caries experience.13

Vitamin B12 is one of the most common deficiencies in 
the Indian population, however, most often undetected 
and found as an accidental finding. The relationship 
between vitamin B12 deficiency and oral health still 
remains unclear. The available medical literature does 
not show any study performed with such a correlation. 
Since various studies have stated that the oral conditions 
differ from geographic and social conditions. The children 
going to the same school and having similar dental care 
habits and characteristics were selected for this study. 
Also other systemic illnesses or any calcium supplements 
or medications that would hamper the oral hygiene were 
taken into consideration to eliminate any false results 
or bias. The method used for vitamin B12 assessment is 
the most commonly used and also standard as stated in 
various studies.

The DMFT/decayed, missing and filled surface 
indices are the most commonly used tools to determine 
the caries prevalence and health status of the popula-
tions. The GI and PI scores are the gold standards for 
examining the oral hygiene status of the subjects. In this 
study, the overall effect of vitamin B12 deficiency was 
measured together on the teeth and gingiva.

There is not much data available in this regard. Mar-
shall13 found that inadequate intakes vs low adequate 
or high adequate intakes) of nutrients (e.g., riboflavin, 
copper, vitamin D, and vitamin B12) were associated with 
increased caries experience and low adequate intakes 
vs inadequate or high adequate intakes) of nutrients 
(e.g., vitamin B12 and vitamin C) were associated with 
decreased caries experience.

Pontes et al11 also found presence of oral signs and 
symptoms, including glossitis, angular cheilitis, recurrent 
oral ulcer, oral candidiasis, diffuse erythematous muco-
sitis, and pale oral mucosa in subjects with cobalamin 
deficiency offering the dentist an opportunity to parti-
cipate in the diagnosis of this condition. Supplementation 

with vitamin B12 will improve the gingival health and oral 
hygiene of children with deficiency, the present study 
was only a cross-sectional and the changes in the oral 
health could not be demonstrated, which will be further 
explored in further studies. Also an in-depth salivary 
analysis to rule out any other causes with a larger sample 
size will further validate the results of the present study.

The presence of statistically significant results with a 
reverse relation makes a good evidence and logic for the 
association between them. As pediatric dentists, we must 
be aware of the possible deficiency taking into consider-
ation the history, clinical signs, and also investigations 
whenever required. This will prevent the further progress 
of the disease and any irreversible damage to the neural 
and cognitive function.

CONCLUSION

Vitamin B12 deficiency may cause an increase in preva-
lence of dental caries and gingival diseases in children. 
As pediatric dentist, our role is not just giving dental care 
to the child but it also includes the overall health care, 
behavior assessment which will provide us with the sign 
and symptoms of any deficiency or abnormality in child 
and with timely referral to pediatrician and concern of 
the dentist, we can prevent any permanent damage to 
the children.
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ABSTRACT

Aim: To comparatively evaluate the efficacy of disinfecting 
ability of garlic oil, neem oil, clove oil, and tulsi oil with autoclav-
ing on endodontic K files tested against Enterococcus faecalis.

Materials and methods: Fifty endodontic K files were exposed 
to the test micro-organism and checked for its disinfecting 
ability using three different methods.

Result: Garlic oil, clove oil, tulsi oil and autoclave showed 
considerable effectiveness against E. faecalis except neem oil.

Conclusion: Garlic oil, clove oil and tulsi oil are an effective 
disinfectant and can be used as an alternative to autoclaving 
against the test micro-organism.

Clinical Significance: Herbs and herbal extracts are a natural 
and harmless way of controlling infection. These products are 
readily available and comparable to gold standard, thus can 
have its applications in rural India.

Keywords: Autoclave, Clove oil, Disinfection, Enterococcus 
faecalis, Garlic oil, Neem oil, Tulsi oil.

INTRODUCTION

Microorganisms induce a variety of infections and dis-
eases in the human body and are largely ubiquitous in 
the nature of the contamination, directly or indirectly 
leading to transmission of infectious agents.1 The human 
oral cavity contains a wide variety of microorganisms—
both commensals and pathogenic organisms—and these 
pathogenic microorganism are the ones causing infec-
tions.2 Due to a large number of bacteria, it becomes 
impossible to work in the sterile environment. Infection 
control procedures are essential to modern dentistry and 
have an impact on clinical outcomes.

Endodontic procedures are one of the most common 
treatments carried out in the dental operatory. Endodontic 
instruments are one of the “critical items” as they contact 
the vital tissues of the body. Endodontic files are one of them 
and, thus, should be sterile before use and reuse.3 There is a 
high chance of transmitting pathogenic microbes via end-
odontic instruments in the absence of adequate infection 
control. It has been found that these instruments can even be 
supplied by the manufacturer with a high microbial content 
obviating the need to sterilize them even before their first 
use.4 Since the advent of the variant Creutzfeldt–Jakob 
disease infectivity, disinfection and infection control play 
a major role, as it is an incurable and fatal disease.5

Although there are many procedures to sterilize or 
disinfect files, they do have some shortcomings. Autoclav-
ing is considered to be the gold standard for sterilization, 
but it has a disadvantage in that it tempers the mechanical 
properties of files by reducing their cutting efficiency.6

Of all the endodontic pathogens, E. faecalis is commonly 
found in the primary and persistent root canal infections. 
It is a Gram-positive, facultative anaerobic bacteria, which 
is resistant to various disinfection procedures.7

Phytodentistry has emerged with dentistry due to its 
properties, such as it does not tamper with physical proper-
ties and microorganisms are unable to develop resistance 
against the agents used.8 Many studies showed the efficacy 
of garlic oil, neem oil, clove oil, and tulsi oil against various 
microorganisms.9-14 Thus, the aim of our study was to 
compare the disinfecting efficacy of garlic oil, neem oil, 
clove oil, and tulsi oil with autoclaving against E. faecalis.
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MATERIALS AND METHODS

The study was performed on 50 K files, 25 mm long and 
of size 10. The significance behind using # 10 K file was 
that they were the first endodontic files inserted into the 
canal and encounter the maximum infection. All files 
were presterilized using standard autoclaving protocol at 
121°C at 15 psi for 30 minutes. E. faecalis standard strain 
ATCC (American Type Cell Culture) 21292 was used for 
disinfecting the files.

The E. faecalis broth was prepared according to the 
standard microbiological protocols and incubated over-
night for a period of 24 hours at 37°C (Fig. 1).

After the broth was obtained, presterilized files were 
infected by inserting them into a sterile container contain-
ing the broth for a period of 30 minutes (Fig. 2).

Following this, the files were transferred to a sterile 
petri dish and incubated for 30 minutes at 37°C for drying 
and ensuring fixation of the microbes on the files (Fig. 3).

The files were equally divided and inserted into the 
test chemicals:
•	 Group I: 10 K Files treated with 0.5% w/v garlic oil 

extract. (Dr. Jain’s Forest Herbals Private Limited, 
Andheri, Mumbai, India)

•	 Group II: 10 K Files treated with neem leaf oil. (Dr. 
Jain’s Forest Herbals Private Limited, Andheri, 
Mumbai, India)

•	 Group III: 10 K files treated with clove leaf oil. (Dr. 
Jain’s Forest Herbals Private Limited, Andheri, 
Mumbai, India)

•	 Group IV: 10 K files treated with tulsi leaf oil. (Dr Jain’s 
Forest Herbals Private Limited, Andheri, Mumbai, 
India)

•	 Group V: 10 K files treated with autoclaving at 121°C 
at 15 lbs for 30 minutes.
The endodontic files in groups I, II, III, and IV were 

placed into the test chemical for 5 minutes and group V 
was autoclaved according to the standard protocol (Fig. 4).

The disinfecting abilities of the test chemicals were 
checked using the three methods.
1. Turbidity method
2. Blood agar plate streaking method
3. Microscopic examination

In the turbidity method, all the infected files were 
placed into 50 test tubes containing peptone water and 
incubated overnight to check for turbidity, which was 
suggestive of the growth of bacteria (Fig. 5).

In blood agar streaking method, using the sterile 
loupes, the inoculum from the test tube was streaked  
onto the blood agar plate and checked for colony growth 
(Fig. 6).

In case of microscopic examination using Gram’s 
stain, the standard strain was checked with respect to all 
disinfected files by the different methods (Fig. 7).

Statistics

All the data were tabulated and tested statistically using 
one-way analysis of variance test and Chi-squared test 
using Statistical Package for the Social Sciences 18 software.

Fig. 1: Enterococcus faecalis broth Fig. 2: Endodontic files infected by placing in E. faecalis broth 
for 30 minutes

Fig. 3: Infected endodontic files placed in petri dish
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Figs 6A to E: Disinfection of K files checked by blood agar plate streaking method: (A) Autoclave; (B) 0.5% w/w garlic 
oil; (C) neem leaf oil; (D) tulsi leaf oil; and (E) pure clove leaf oil

Figs 4A to E: Infected endodontic files placed in: (A) Autoclave; (B) 0.5% w/w garlic oil; (C) neem leaf oil; (D) tulsi leaf oil;  
and (E) pure clove leaf oil

A B C D E

Figs 5A to F: Disinfection of K files checked by turbidity method: (A) Control; (B) autoclave; 
(C) 0.5% w/w garlic oil; (D) neem leaf oil; (E) tulsi leaf oil; and (F) pure clove leaf oil

A B C D E F

A B C

D E
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RESULTS

Statistically significant result was seen between the neem 
oil group and other test material groups. All the endodon-
tic files used in the study except the ones for the neem 
oil group showed no growth of E. faecalis, while the files 
disinfected with the neem oil group showed turbidity 
in peptone water, peculiar growth of E. faecalis on blood 
agar, and Gram-positive cocci colonies under microscopic 
examination.

DISCUSSION

An important cause of spread of infection from one 
person to another is through the use of contaminated 
instruments. The trend in health care settings is moving 
toward single-use instruments. It has been suggested 
that endodontic files should be for single use only, 
but because of cost implications, this has not yet been 
implemented.5 Due to the risk of cross-contamination, 
resulting in the spread of dreadful disease like human 
immunodeficiency virus – acquired immunodeficiency 
syndrome, Creutzfeldt–Jacob’s disease, etc., their cleaning 
and sterilization are of paramount importance.

The E. faecalis is an important microorganism in the 
view of its potential to cause significant resistance to 
pulpal and periapical infection.8 It is an obligate anaerobe, 
which thrives well under reduced oxygen tension and  
is significantly resistant to commonly used intracanal 

medicaments and irrigating regimens as outlined by 
various studies.7,9 Thus, E. faecalis was used in the present 
study to determine the disinfecting potential of the dif-
ferent test chemicals.

Garlic oil has proven its antimicrobial properties by 
various studies.10-13Groppo et al10 showed that garlic oil 
was effective in reducing the oral microorganisms. Tsao 
and Yin11 found that Pseudomonas and Klebsiella which 
were resistant to various drugs including Ceftazidime, 
Gentamycin, Imipenem, and Meropenem were sensitive 
to garlic oil. Bakri and Douglos12 found that garlic oil was 
effective against most of the microorganisms, with Strep-
tococcus mutans and Porphyromonas gingivalis being the 
most sensitive. Ruddock et al13 concluded that garlic oil 
was effective against E. faecalis similar to our study along 
with Neisseria and Staphylococci also being susceptible.

In our present study, garlic oil was found to be effec-
tive against E. faecalis similar to autoclave. The reason 
being garlic contains an active component—allicin—that 
is produced by the action of allinase enzyme on allin. This 
allicin reacts with thiol groups of enzymes in susceptible 
bacteria to form S-allylmercaptocysteine, thus causing 
their inhibition. This disrupts the metabolic activity of 
the bacteria and causes cell lysis.14

Clove oil has a long history of use as a natural anti-
microbial agent. There is enough literature to state its 
efficacy against the oral and systemic pathogens.15-17  
Nascimento et al,15 in their study, proved the efficacy 

Figs 7A to F: Disinfection of K files checked by microscopic examination method: (A) Control; (B) autoclave;  
(C) 0.5% w/w garlic oil; (D) neem leaf oil; (E) tulsi leaf oil; and (F) pure clove leaf oil

A B C

D E F
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of clove oil against Staphylococcus aureus, Klebsiella pneu-
moniae, Pseudomonas aeruginosa, and Candida albicans; when 
they tested other herbs, such as basil, guava, rosemary, 
sage, pomegranate, yarrow, jambolan, thyme, and lemon 
balm, clove oil showed to be the most effective. Clove 
oil was found to be more effective when compared with 
clove extract and scorbic acid against the foodborne patho-
gens.16 Hugar et al17 showed that clove oil was effective 
against E. faecalis, which was in accordance to our study.

Clove oil has (70–90%) eugenol.18 This causes sensiti-
zation of the phospholipid bilayer of the microbial cyto-
plasmic membrane causing increased permeability and 
unavailability of vital intracellular constituents resulting 
in disruption of the cell membrane leading to leakage 
of cellular constituents and finally bacterial cell death.17

Tulsi oil has been widely investigated due to its easy 
availability and antimicrobial properties. Fine et al19 
proved that tulsi oil reduced almost 75.4% S. mutans 
present in the plaque sample. According to Agrawal 
and Nagesh,20 tulsi extract demonstrated an antimicro-
bial activity against Streptococcus mutans and showed 
maximum antimicrobial potential at the 4% concentration. 
Tulsi oil was moderately effective against the planktonic 
and biofilm forms of E. faecalis.21 In our study, it was seen 
that tulsi oil was effective against E. faecalis; similar results 
were found by Subbiya et al22 where tulsi oil significantly 
reduced the E. faecalis count present in the dentinal biofilm.

The active constituents of tulsi are tannins (4.6%) and 
essential oil (up to 2%). The essential oil consists principally 
of eugenol (up to 62%) and methyl-eugenol (up to 86%). 
The antimicrobial action of tannins is due to their ability 
to form complexes with enzymes or substrates required by 
microorganisms for their functioning or may be related to 
its action on the cell membrane of the microorganisms.22

Neem is commonly seen as a medicinal tree and versa-
tile plant having a wide spectrum of biological activities. 
Various studies have been put forward on its antimicro-
bial properties. A study by Elavarasu et al23 stated that 
neem oil was effective by reducing the growth of the 
plaque-causing microorganisms. Bohora et al24 found 
that neem extract showed significant antimicrobial effect 
against E. faecalis and C. albicans. But a study by Kumar 
and Sidhu25 stated that neem extract was ineffective and 
did not inhibit the growth of E. faecalis; similar result was 
obtained in the present study.

Neem contains terpenoids like nimbin, flavonoids, 
tannins, and alkaloids. These phytochemicals act on bac-
terial cell wall by binding to adhesins forming complex 
causing inactivation of proteins and cell function.26

Autoclave is considered to be a gold standard and is 
recommended as an ideal method of sterilization, as it 
results in complete eradication of spores and microorgan-

isms. It works on the principle of coagulation and dena-
turation of essential proteins structures resulting in cell 
lysis.27 But, it has a drawback of tempering the mechanical 
properties of the instruments. Study by Neal et al6 proved 
that autoclave caused reduction in the cutting ability of 
the endodontic files.

Thus, our present study concludes that garlic oil, 
clove oil, and tulsi oil are as effective as autoclave for 
disinfection and can be considered as an alternative to 
it, but neem oil was found to be ineffective.

Advantages

It requires less chairside time, is economical, easily avail-
able, with minimal possibility of developing resistance, 
does not temper the physical properties of files, and does 
not require electrical supply and can be carried out in the 
rural areas.

Limitations of Our Study

An ex vivo study needs to be carried out to check for 
their efficacies on the in vivo strains. A large sample size 
with a wider spectrum of bacteria needs to be tested to 
validate its use.

CONCLUSION

Herbs and herbal extracts are a natural and harmless way 
of controlling infection. These products are readily avail-
able and are comparable with the gold standard and can 
have their applications in rural parts of India. Clove oil, 
garlic oil, and tulsi oil have excellent antibacterial prop-
erties and can be used for endodontic infection control.
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ABSTRACT

Aim: To determine and compare the relevance of Piaget’s 
cognitive principles among 4- to 7-year-old parented and 
orphan children in Belagavi City, Karnataka, India.

Materials and methods: This study was conducted on 240 
children between the ages of 4 to 7 years who were equally 
divided into two groups of 120 parented and 120 orphan  
children. These were subdivided into four groups of  
30 children each. Various characteristics like egocentrism, 
concept of cardinal numbers based on centration, lack of 
conservation, and reversibility were assessed, using experi-
ments and comparison of their prevalence between two 
groups was carried out.

Results: There is a statistically significant difference in the 
cognitive development among parented and orphan children 
age 4 to 7 years.

Conclusion: There is a significantly better cognitive devel-
opment among parented children as compared with orphan 
children in Belagavi city.

Clinical significance: A child is not a miniature adult but 
rather can think and perceive the world differently from an 
adult. Understanding a child’s intellectual level can enable 
a pedodontist to deliver improved quality care to children. 
According to Jean Piaget, in the preoperational period, chil-
dren think symbolically and their reasoning is based more on 
appearance rather than logic. It is often rightly said that a child’s 
behavior is a reflection of his parents. However, Piaget did not 
consider the effect of social setting and culture on the cognitive 
development. This study was carried out as there is not much 
literature available to describe the cognitive development of 
children in the Indian scenario and the influence of parental 
presence on the same.

Keywords: Centration, Child, Cognitive, Comparative, Ego-
centrism, Parent.
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INTRODUCTION

There are some subtle, and yet important aspects of 
dental practice which help to guide children through 
their dental experiences successfully. It is generally 
agreed that if the dentist is to perform satisfactory dental 
care for child patients, the dentist must have their full 
cooperation and establish positive and non-threatening 
relationships. Chambers suggests that communication is 
the key to establishing this rapport with patients.1 Thus, 
to communicate successfully with a child, it is necessary 
to understand his or her intellectual level and the way 
in which thought processes work. As per Jean Piaget’s 
theory of cognitive development, the development of 
intellectual capabilities occur in a series of relatively dis-
tinct stages. A child’s way of thinking about and viewing 
the world is quite different at the different stages.2  
In the second stage of cognitive development which is 
the preoperational period, children think symbolically 
about objects, and reason is based more on appearance 
rather than logic.3

Research on the cognitive development of the child 
and its application to dental health service can enable 
us as Pediatric dentists to better understand them and 
deliver improved quality of care.4

There is a debate within psychology on “Nature v/s 
Nurture” which is concerned with the extent to which 
inherited (i.e., genetic) or acquired (i.e., learned) char-
acteristics contribute to particular aspects of behavior.5

Attachment allows children the “secure base” neces-
sary to explore, learn, and the motivation and opportu-
nity to do so. Children’s attachment patterns are highly 
influenced by those of their parents. The attachments of 
both child and parents affect children’s physical, develop-
mental, psychological, and behavioral wellbeing.6
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In the cognitive theory that was put forth in 1952, Jean 
Piaget emphasized on the universal stages of cognitive 
development and biological maturation; however, he has 
not considered the effect that the culture and social setting 
may have on the cognitive development.7

Thus the aim of this study was to determine whether 
the social environment of the child has any influence on 
their cognitive development and compare the relevance 
of Piaget’s cognitive principles among 4- to 7-year-old 
parented and orphan children in Belagavi city.

MATERIALS AND METHODS

The study was conducted after obtaining prior approval 
from the Institutional Review Board and Ethical Com-
mittee. One part of this study was conducted in a school 
in Belagavi, prior to which, permission was obtained 
from the principal of the school and a letter of consent 
for the child’s participation was obtained from the 
parents.

The second part of the study was conducted in the 
Orphanage for which permission was obtained from the 
concerned authority of the orphanage.

Inclusion Criteria

•	 4-	to	7-year-old	healthy	children.

Exclusion Criteria

•	 Specially	abled	children.
•	 Children	whose	parents	refused	to	give	consent	for	

participation in the study.
Since	no	study	was	previously	done	to	compare	the	

cognitive development among parented children and 
orphan children, as per convenience sampling, this study 
was conducted on 120 orphan children in Belagavi city in 
the age group of 4 to 7 years (all samples available in the 
city in that age group) and compared with 120 parented 
children of age 4 to 7 years.

Group I: 120 parented children (an attempt was made 
to include children of similar socioeconomic status from 
the same school)

Group II: 120 orphan children
The 120 children from each group were further 

divided into four groups of 30 children each based on 
their age:
1. 4 years: 30 children
2. 5 years: 30 children
3. 6 years: 30 children
4. 7 years: 30 children

Three experiments were conducted to assess the 
classical characteristics of children belonging to this age 
group:
1. Egocentrism,

2. Lack of concept of cardinal numbers based on centra-
tion, and

3. Lack of conservation and reversibility.

Egocentrism

It is the inability to take the perspective or point of view 
of another person.

Assessment of this was done by the classical three 
mountain experiment as described by Piaget. The child 
was made to sit on one side of the table with a doll placed 
on the other side of the table on which three mountains of 
different heights were placed. As shown in Figure 1, the 
child was asked to select one photograph from a series, 
which reflected the doll’s view.

If a child picked a picture reflecting their own view 
rather than the doll’s view he/she was unable to under-
stand another person’s point of view and was thus 
egocentric.4

Concept of Cardinal Numbers based on 
Centration Principle

Centration is the tendency to focus, or centre, only on 
one aspect of a situation and other aspects of the situa-
tion are ignored.

The coin experiment was used to assess the concept 
of cardinal numbers. The child was shown two rows of 
same number of coins and asked if both the rows had 
equal number of coins. The second row of coins was 
then spread out a little and the child was asked the same 
question as above (Fig. 2). The child with the concept of 
centration pointed out that the spread out row had more 
number of coins, whereas the child with the concept of 
cardinal numbers answered that both rows had equal 
number of coins.4

Fig. 1: Classical three mountain experiment
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Lack of Conservation and Reversibility

The principle of conservation explains that as long as 
nothing is added or subtracted two equal physical quanti-
ties remain equal even if the appearance of one is changed.

The concept of conservation was assessed by the 
beaker experiment. The child was presented with the 
same amount of colored liquid in two identical beakers. 
Then the liquid was poured from one beaker into a third 
thinner and taller beaker. Then the child was asked to 
identify the beaker that contained more amount of liquid 
(Fig. 3). If the child pointed out the taller beaker as the 
one containing more liquid, he/she was considered to 
lack the concept of conservation.4

The data thus obtained were statistically analyzed by 
the	SPSS	18	software	using	frequency	distribution	and	
chi square test.

RESULTS

Table 1 shows the prevalence of three characteristics in 
both the groups. There is a statistically significant differ-
ence in the prevalence of egocentrism and lack of concept 

of cardinal numbers among the parented and orphan 
children. However, the difference in the lack of conserva-
tion is not statistically significant among the two groups.

Graphs 1 to 3 show the agewise comparison of the 
three characters of both the groups.

Each of the three characters shows a gradual reduction 
in prevalence with increase in age. There is a statistically 
significant difference in the egocentrism of parented and 
orphan children in the age group of 4 years (p = 0.002),  
5 years (p = 0.001), and 6 years (p = 0.017).

However, the differences in the lack of concept of 
cardinal numbers and lack of conservation are not statisti-
cally significant in the individual age groups.

DISCUSSION

Prelogical reasoning appears in the intuitive stage of the 
preoperational period as described by Jean Piaget in the 
cognitive theory of development. The child begins to 
construct more elaborate concepts and more complex 
images.4 These intuitive stage children pose a challenge 
to the dentists as they could be a behavior management 
problem and were thus included in the study.

In a study conducted by Asokan et al4 to assess the 
relevance of Piaget’s cognitive principles among children 
of 4 to 7 years, it was observed that the characteristic 
features explained by Piaget were present in most of the 
children between ages of 4 and 7 years.

Fig. 2: Child points out to the row of spread out coins and 
shows it has more number of coins

Figs 3A and B: Child chooses a taller and narrower beaker as to having more amount  
of colored liquid

Table 1: Prevalence of the three characteristics tested  
in both the groups

Prevalence among 
parented children 
(total 120)

Prevalence among 
orphan children 
(total 120)

Egocentrism* 65 95
Lack of concept of 
cardinal numbers*

59 83

Lack of conservation 
and reversibility

98 106

*Statistically significant difference among the two groups

A B
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Vygotsky7 places more emphasis on culture and social 
factors having effect on cognitive development. The 
environment in which children grow up has an influence 
on how and what they think about. Adults become an 
important source of cognitive development wherein the 
culture’s tools of intellectual adaptation that they transmit 
are internalized by children. Thus social interaction with 
a skilful tutor contributes to much important learning by 
the child.8

Freund conducted a study which supported this 
concept in which he found that those children who had 
previously worked with their mother showed greater 
improvement compared with their first attempt at 
the task alone. Thus the conclusion was that guided 
learning within the zone of proximal development led 
to greater understanding/performance than working 
alone.9

The learning of a child begins long before he/she 
enters school. The human learning presupposes a specific 

social nature and a process by which children grow into 
the intellectual life of those around them.7 Also a study 
has shown that linguistic differences may affect cognitive 
development.10

As shown in Graph 1, there is as statistically significant 
difference in the egocentrism and concept of cardinal 
numbers among the parented and orphan children of  
4 to 7 years age.

The notion of an egocentric mode of spatial represen-
tation in the young child was first described by Piaget 
and Inhelder.11 Inability to represent the view seen by 
another observer in a different orientation has generally 
been seen in the developmental psychology literature as 
a failure in social cognition.

In a dental setting, it would not be of use to point out 
to a child that, his parents would be proud of him, if he 
stopped the digit sucking habit because the child thinks 
that his parent’s attitude about digit sucking would be 
exactly the same as his own.2 Taking advantage of his 
egocentrism, the child could be allowed to make believe 
he/she important and could be permitted to take some 
decisions regarding the treatment, e.g., when to stop 
temporarily using hand signals or allow them to be “in-
charge” of the saliva ejector.12

Concept of cardinal numbers, conservation, and 
reversibility are based on the concept of centration. 
Children were misled by the most striking feature, the 
length of the row and the height of the beaker. The child 
could not simultaneously consider the height and the 
width of the liquid in the container due to centration and 
the child between ages 2 and 7 cannot decenter.12 They 
have difficulty in solving problems because they cannot 
consider all the aspects involved in the problem. Thus, 
during dental treatment, the child should be directed to 
focus on the hand mirror given to him and concentrate in 

Graph 1: Prevalence of egocentrism based on the three mountain 
experiment among different ages in both the groups

Graph 2: Prevalence of lack of concept of cardinal numbers based on 
the coin experiment among different ages in both the groups

Graph 3: Prevalence of lack of conservation based on the beaker 
experiment among different ages in both the groups
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watching the procedure. This will tend to distract him/
her from the horrifying instruments.13

Distraction is the key for practicing painless dentistry. 
Audio and visual distractions like head phones with 
pleasant music, the presence of an aquarium next to the 
dental chair, could reduce dental anxiety, make them 
relaxed and divert the child’s attention from the noise of 
the drill.14 The child at this stage of development gener-
ally focuses on the most striking and exciting features in 
the dental setup.

CONCLUSION

Through this comparative study we can conclude that 
parental presence or absence has a significant impact on 
the cognitive development of the child. In this study it is 
observed that a significantly greater number of orphan 
children show egocentrism and lack the concept of cardi-
nal numbers than parented children in the age group of 4 
to 7 years. Also there is a gradual and uniform reduction 
in the prevalence of the three characters studied with 
increase in age from 4 to 7 years.

CLINICAL SIGNIFICANCE

Hence, providing the children a colorful, relaxing, and 
friendly environment to focus on distracts them from the 
apparently “terrifying” instruments present in a dental 
setting.4

This study has shown the influence of parental pres-
ence/absence on cognitive development of children. 
However, further research is warranted to study the 
influence of other factors on cognitive development. We 
also need to consider that orphan children need to be 
paid more individual attention and be provided with 
better teaching facilities and exposure to recent/newer 
modes of learning.
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Habit in a Child with Santovuori-Haltia-

Hagberg Disease (Infantile Neuronal Ceriod 
Lipofuscinoses)

CASE REPORT
A one and half year-old-female toddler was referred to the Depart-
ment of Paedodontics and Preventive dentistry by a Paediatric 
neurologist for management of orofacial Self Injurious Behaviour 
(SIB) of the child then diagnosed a case of INCL.

On evaluation of history, the parents revealed that the patient started 
with SIB when she was 10 months old. Further history revealed that 
at birth there was delay in cry, the patient suffered from asphyxia and 
convulsions and was hospitalized for the same. When the patient 
was 10 months old she suffered from fever and febrile seizures. The 
parents also reported that from past eight months the child was 
losing weight and the speech had still not developed. The patient 
had frequent seizures for which she was under medication. There 
were delayed developmental mile stones with motor in-coordination. 
The investigations of brain plain Magnetic Resonance Imaging (MRI) 
revealed marked bilateral symmetrical cerebral cortical atrophy with 
paucity of white matter and thinning of splenium of corpus callosum 
of brain parenchyma, moderate dilation of third and lateral ventricals 
which is the major feature of INCL.

On general examination the patient could not sit, stand or walk 
when reported to the department. There were multiple wounds on 
the temple and occipital region as well as on the thumb of both the 
hands. On oro-facial examination the patient showed large ulcer on 

the lower lip due to lip biting habit measuring approximately 3×2 cm2 
[Table/Fig-1]. The deciduous anterior teeth showed severe attrition 
along with hypoplasia [Table/Fig-2]. A modified conventional mouth 
guard was planned for management of SIB. 

Primary impressions of maxillary and mandibular arch were made 
using elastomeric impression material and diagnostic casts were 
poured, on these casts custom stock tray were fabricated using 
acrylic resin material and final impressions were made using 
elastomeric impression material for the fabrication of conventional 
mouth guard. The mouth guard was fabricated initially with 2 mm 
thickness thermoplastic sheet (3A Medes Easy – Vac Gasket, Korea) 
on the maxillary cast and was delivered to the patient [Table/Fig-
3a]. Due to continuous movement of the tongue the retention and 
stability of the mouth guard was not adequate hence to enhance 
stability the mouth guard was modified by adapting cold cure acrylic 
over it and once again a thermoplastic sheet was adopted over it. 
Vents were made bucco-palatally on the acrylic for the retention of 
the thermoplastic sheet over it [Table/Fig-3b]. A floss of 12 inches 
was attached to the mouth guard to prevent it’s aspiration [Table/
Fig-4]. The patient was recalled every 15 days to check the healing 
of wounds of the thumb and oral mucosa.

Follow Up: The parents reported that there was decrease in the 
tendency of SIB, the ulcer on the lower lip showed signs of healing 

 

Keywords: Communication, Factitious injury, Fingernail, Mouth guard
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AbSTRACT 
Self-injurious behaviours are usually related to paediatric patients with mental retardation. The management of such patients is quiet 
challenging to the paediatric dentists because of the difficulty to communicate with such patients regarding their feelings verbally. Here, 
we present a case report of successful management of self-injurious behaviour in a child with Infantile Neuronal Ceriod Lipofuscinoses 
(INCL).

[Table/Fig-1]: Preoperative photographs showing trauma to the lip and thumb.
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oral, ocular and genital self mutilation [1]. Seventy five percent of 
the factitial injuries are located in the head and neck region. The 
oral structures commonly affected by such acts including gingiva, 
teeth, tooth supporting structures, lips and oral mucosa. Injury is 
mainly by putting foreign objects or fingernails into the oral cavity 
or tissue biting. These injuries may manifest as factitial ulcers, 
factitial gingivitis, factitial periodontitis and self extraction [3]. The 
prevalence of SIB in general population is estimated to be around 
750 in 1,00,000 whereas, in individuals with mental retardation it is 
seen in nearly 81% of individuals [4].

INCL also known as Santovuori-Haltia-Hagberg disease was first 
described by Santovuori et al., in 1974. The most outstanding feature 
of this ailment is the speed with which it destroys the neurons [5].

The term Neuronal Ceriod Lipofuscinoses (NCL) was coined 
by Zeman and colleagues. It represents a group of inherited, 
neurodegenerative disorders characterized by the accumulation 
of auto fluorescent material in the neuronal lysosomes and other 
tissues [6]. Clinically this disease is characterized by microcephaly, 
seizures, visual failure, motor and mental deterioration leading to a 
vegetative state [7]. Based on the clinico-pathology and age of onset 
they are classified as: 1) infantile; 2) late infantile; 3) early juvenile; 
4) juvenile; 5) adult; and 6) Finnish variant of late infantile form [8]. 
There is mutation in the CLN1 gene located on chromosome 1p32 
leading to deficiency of an enzyme palmitoyl-protein thioesterase in 
the lysosomes in INCL [5]. The onset is between six to 12 months 
of life and by the end of three years the patient becomes completely 
unresponsive and most children die by 10 years of age [6].

SIB is commonly seen in individuals with psychotic problems, 
character disorder, mental retardation, coma and genetic syndromes 
[1]. Stewart and Kernohan have broadly classified factitial oral 
lesions into three types. Type: A- lesions superimposed upon pre-
existing lesion, Type: B- lesions secondary to recognized habits, 
Type: C- those arising due to complex or unknown aetiology [9]. 
Common therapies used in management of SIB include behavioural 
modification, pharmacological management and physical restraints 
[3]. Although pharmacological management is feasible but it requires 
chronic use and the ones that are used place the patient in a 
chronic state of unconsciousness hence they cannot be advocated. 
Physical restrains are the reliable means of preventing such injuries 
[10]. Various oral restrains have been used in literature for SIB, these 
include; removable or fixed acrylic horse shoe appliance, buccal 
or lingual shields, soft mouth guards, thermoplastic appliances in 
combination of extraoral and intraoral elastics along with accessories 
like chin cup, special belts or clothing, facemasks and lip separators. 
In severe cases full mouth teeth extraction have also been done [3]. 
In the present case patient falls in Type: C according to Stewart 
and Kernohan classification, hence behavioural modification is not 
recommended and pharmacological management is not feasible. 
Hence a modified conventional mouth guard was planned for the 
management of SIB. 

CONCLUSION
The severity of SIB depends on the underlying pathology and there 
is no definitive treatment for INCL. Treatment is purely supportive. 
It mainly centres on control of seizures, hyperactivity, insomnia, 
behaviour problems, and malnutrition and gastroesophageal reflex. 
Treatment has to be designed based on these circumstances and 
is a challenge for the paediatric dentist as the management of SIB is 
complicated and there are no standard techniques or treatment for 
such injuries. Appropriate preventive procedures have to be tailored 
for each of such patients based on practical consideration.

This case report is of the first kind to discuss the successful mana-
gement of SIB in patients with INCL. A modified conventional mouth 
guard was planned for this patient based on the medical and clinical 
findings. This appliance has advantages like, since it is a removable 

[Table/Fig-6]: Showing the pre op and post op weight gain after 6 months.

[Table/Fig-2]: Decidious maxillary and mandibular teeth showing attrition and 
hypoplasia.

[Table/Fig-3]: a) Initial Mouth guard fabrication; b) Modified Mouth guard. [Table/
Fig-4]: Modified conventional mouth guard placed on maxillary arch. 

[Table/Fig-5]: Two months follow up showing postoperative healing of lesions. 
(Images left to right)

with marked reduction in size with complete healing at the end of two 
months. Even the thumb showed complete healing [Table/Fig-5]. 
The patient had also regained weight [Table/Fig-6], over a period of 
six months. Since then patient is kept under periodic recall.

DISCUSSION
SIB is defined as deliberate harm to one’s body without suicidal 
intent [1]. They are also referred to as self-mutilating injuries, 
masochistic habits and factitious injury [2]. It usually manifests as 
hitting or banging of the head, finger and lip biting, skin cutting, 
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appliance oral hygiene can be facilitated, the materials used in its 
fabrication are biocompatible and as this appliance covers only 
the maxillary arch side effects like dermatitis and drooling of saliva 
are prevented. However, it has some limitations as it requires the 
compliance of the patients for periodic examination, and periodic 
fabrication to accommodate the jaw growth. 

REFERENCES
 Liang-Ru C, Jeng-Fen L. Successful treatment of self inflicted oral mutilation [1]

using an acrylic splint retained by a head gear. Paediatr Dent. 1996;18(5):408-
10.

 Subbaiah R, Thomas B, Maithreyi VP. Self- inflicted traumatic injuries of gingival- [2]
A case series. J Int Oral Health. 2010;2(2):43-49.

 Medina AC, Sogbe R, Gómez-Rey AM, Mata M. Factitial oral lesions in an autistic [3]
paediatric patient. Int J Paediatr Dent. 2003;13:130-37.

 Silva DR, Da Foncica MA. Self injurious behaviour as a challenge for the dental [4]
practice: A case report. Paediatr Dent. 2003;25(1):62-66.

 P. Santovuori. Neuronal ceroid-lipofuscinoses in childhood. Brain Dev. 1988;10: [5]
80-83.

 Zeman W, Donanne S, Dyken P, Green J.  The NCL (Batten-Vogt syndrome). In: [6]
Handbook of Neurology. Vol 10. Eds P.J. Vinken and G.W. Bruyn). Amsterdam, 
North Holland Publishers, 1970: pg 588-679.

 Jalanko A, Braulke T. Neuronal ceriod lipofuscinoses. Biochim Biophys Acta. [7]
2009:697-709.

 Sinha S, Satishchandra P, Santosh V, Gayatri N, Shankar SK. Neuronal ceroid [8]
lipofuscinois: A clinicopathological study. Seizure. 2004;13:235-40.

 Stewart DJ, Kernohan DC. Self- inflicted gingival injuries: gingivitis artefacta, [9]
factitial gingivitis. Dent Pract Dent Rec. 1972; 22: 418-426. 

 John JB, Prabhurajan V, Stalin A, Krishnan M. Masochistic habits in a child [10]
patient: A case report and its management. Int J Crit Illn Inj Sci. 2013;3(3):211-
13.



© 2017 Contemporary Clinical Dentistry | Published by Wolters Kluwer - Medknow 122

Introduction
Treatment	 of	 pulpally	 involved	 teeth	
in	 primary	 and	 immature	 permanent	
teeth	 presents	 unique	 challenges.	 As	 the	
carious	 process	 exposes	 the	 pulp,	 it	 reacts	
through	 inflammation	 limiting	 to	 the	 area	
in	 proximity	 to	 the	 carious	 lesion;	 it	 is	
generally	agreed	 that	 the	young	dental	pulp	
particularly	 pulp	 in	 the	 primary	 teeth,	 has	
a	 high	 potential	 for	 the	 repair.	 There	 is	 a	
very	 little	 doubt	 that	 the	 pulp	 is	 incapable	
of	 healing,	 however,	 there	 are	 questions	
concerning	 the	 techniques	 and	 materials	
which	 offers	 the	 highest	 percentage	 of	
success.[1]

Pulpotomy	 is	 one	 of	 the	 most	 commonly	
used	procedures	in	the	pediatric	endodontic	
which	will	 help	 us	 to	 retain	 primary	 teeth	
in	 the	 arch.	 From	 years	 formocresol	 has	
been	a	popular	pulpotomy	agent.	Concerns	
have	 been	 raised	 about	 the	 potential	
toxicity	and	carcinogenicity	of	formocresol	
in	 humans.	 Formocresol,	 a	 formaldehyde	
compound	 has	 evolved	 as	 the	 preferred	
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Abstract
Introduction: Pulpotomy	 is	 a	 regular	 procedure	 in	 the	 management	 of	 inflamed	 primary	 teeth.	
Diverse	 materials	 have	 been	 reviewed	 for	 the	 pulpotomy,	 some	 of	 them	 being	 formocresol,	
glutaraldehyde,	ferric	sulfate,	and	mineral	trioxide	aggregate	(MTA).	Aims:	The	aim	was	to	evaluate	
and	compare	clinically	and	radiographically	the	effects	of	MTA	as	a	pulp	dressing	after	coronal	pulp	
amputation	 (pulpotomy)	 in	 primary	 molars.	 Settings and Design:	 Sixty	 primary	 molars	 of	 thirty	
healthy	 children	 using	 split	 mouth	 design	 aged	 between	 4	 and	 6	 years	 were	 treated	 by	 pulpotomy	
technique.	 Subjects	 and	 Methods:	 Sixty	 primary	 mandibular	 molars	 of	 thirty	 healthy	 children	
aged	between	4	and	6	years	were	 treated	by	pulpotomy	 technique.	The	 teeth	on	 the	 right	 side	were	
assigned	to	MTA	(Group	A)	and	the	left	side	for	the	formocresol	(Group	B).	The	children	were	then	
examined	 clinically	 and	 radiographically	 every	 6	 months.	 Statistical	 analysis	 used:	 Chi‑square	 test	
using	the	SPSS	version	19.0	was	used	to	compare	between	the	two	groups.	Results:	Results	showed	
that	 both	 MTA	 and	 formocresol	 have	 the	 same	 outcome	 on	 the	 primary	 molars,	 with	 Chi‑square	
value	 being	 1.1483	 (P ≥	 0.05).	None	 of	 the	 teeth	 in	 any	 children	 in	 the	 study	 showed	 any	 clinical	
pathology.	 Conclusion:	 The	 principle	 conclusions	 of	 this	 study	 are	 that	 there	 are	 no	 significant	
differences	 in	MTA	 and	 formocresol.	The	 success	 rate	 of	MTA	 and	 formocresol	 pulpotomy	 can	 be	
considered	 comparable	 till	 this	 therapy	 influences	 the	 development	 and	 growth	 of	 the	 permanent	
teeth.
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medicament	 for	 pulpotomy	 since	 many	
years.	 It	 is	 the	 agent	 of	 choice	 for	
pulpotomy	 in	 the	 primary	 molars	 despite	
its	 disadvantages	 such	 as	 cytotoxicity,	
systemic	 disturbances,	 mutagenicity,	 and	
carcinogenicity.[2]

Mineral	 trioxide	 aggregate	 (MTA)	
has	 rigorously	 been	 investigated	 for	
its	 capability	 to	 seal	 the	 pathways	 of	
communiqué	 between	 the	 root	 canal	
system	 and	 external	 tooth	 surface.	 MTA	
is	 compositionally	 prepared	 to	 possess	
properties	 and	 requirements	 necessary	 for	
an	 ideal	 repair	 and	 medicament	 materials.	
Previous	 research	 has	 shown	 that	 pulp	
responds	favorably	to	the	layered	protection	
provided	 by	 MTA	 in	 the	 form	 of	 forming	
reparative	 dentine	 that	 is	 constantly	
homogeneous	and	thicker.	The	ability	of	the	
pulp	to	tolerate	this	dental	material	and	offer	
the	 protection	 against	 the	microleakage	has	
also	 been	 compared,	 and	 thus	 MTA	 has	
been	projected	as	a	prospective	medicament	
for	 pulpotomy	 procedures	 as	 well	 as	
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capping	 of	 pulp	with	 reversible	 pulpitis,	 apexification,	 and	
repair	of	root	perforation.[3]

Various	 studies	 have	 compared	 MTA’s	 effects	 to	 that	 of	
formocresol	 as	 pulpotomy	 agent	 in	 primary	 teeth	 and	
compared	 clinical	 and	 radiographical	 evaluation.	Thus,	 the	
study	was	 conducted	 to	 evaluate	 and	 compare	 the	 clinical/
radiographic	 and	 histopathological	 success	 of	 MTA	 and	
formocresol	pulpotomy	 in	primary	molars	over	a	period	of	
60	months.

Subjects and Methods
The	study	was	carried	out	in	the	Department	of	Pedodontics	
and	 Preventive	 Dentistry	 after	 obtaining	 the	 permission	
from	the	ethical	committee	of	the	institutional	review	board	
and	 written	 informed	 consent,	 and	 assent	 form	 from	 the	
parents	was	obtained.

Sample size

The	 estimated	 sample	 size	was	 60	which	was	 divided	 into	
two	groups	of	30	each

2 S  2 / 2 + z 1-
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2
2

2
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Where	α	=	5%,	zα	=	1.96	and	β	=	80%,	z(1‑β)	=	0.824,

Where	 α	 =	 type	 1	 error,	 1‑β	 =	 power	 of	 the	 study,		
S	=	standard	deviation,	d	=	mean	difference.

Thus,	 sixty	 primary	molars	 of	 thirty	 healthy	 children	 aged	
between	 4	 and	 6	 years	 attending	 the	 outpatient	 clinics	 in	
the	 Department	 of	 Pedodontics	 and	 Preventive	 Dentistry	
were	 selected	 for	 the	 study	 and	 treated	 by	 pulpotomy	
technique	using	split	mouth	design.

The	 teeth	 indicated	 for	 pulpotomy	 were	 assessed	 by	 a	
single	 clinician	 who	 was	 blinded	 to	 material	 who	 then	
performed	 the	 procedures/techniques	 and	 evaluated	 the	
teeth	 periodically.	 In	 the	 study,	 samples	 were	 assigned	 to	
one	of	the	groups	by	lottery	method.

Inclusion and exclusion criteria

The	criterions	 for	 the	 choice	of	 teeth	 to	be	 included	 in	 the	
study	are	according	to	the	criteria	laid	down	by	Waterhouse	
et	al.[4]	[Figure	1].

Clinical procedure

Sixty	 largely	 intact	 first	 or	 second	 primary	 mandibular	
molars	 were	 selected	 for	 the	 study	 with	 the	
above‑mentioned	 inclusion	 criteria.	 Using	 split‑mouth	
technique,	 the	 teeth	 are	 assigned	 to	 the	 MTA	 (Group	 A)	
and	 the	 formocresol	 (Group	 B)	 respectively	 by	 lottery	
method.	The	 pulpotomy	 procedure	was	 then	 performed	 on	
the	selected	teeth	as	follows:
•	 The	tooth	was	anesthetized
•	 Achieve	rubber	dam	isolation
•	 Caries	 removal	 and	 coronal	 access	 was	 obtained	 with	

high‑speed	 bur	 with	 water	 spray	 to	 expose	 the	 pulp	
chamber

•	 Coronal	pulp	was	removed	with	a	spoon	excavator
•	 Hemostasis	was	obtained	with	a	moistened	cotton	pellet	

gently	 pressed	 against	 the	 amputated	 pulp	 stumps	 in	
both	groups	[Figure	2].

After	 the	 standardized	 technique,	 in	 MTA	 (Group	 A),	
all	 the	 teeth	 first	 or	 second	 primary	 molars	 were	
treated	 by	 MTA	 (Proroot,	 Dentsply,	 Tulsa	 Dental,	 Okla,	
USA).	 Using	 a	 taut	 metal	 spatula,	 MTA	 powder	 mixed	
with	 distilled	 water	 provided	 by	 the	 manufacturer	 in	
3:1	 (powder:	 liquid)	 ratio	 and	 then	 positioned	 over	 the	
exposure	 site	with	 a	 plastic	 instrument.	Then	 the	mixture	
was	 compressed	 against	 the	 exposure	 site	 with	 a	 damp	
cotton	 pellet	 and	 a	 thick	 mix	 of	 zinc	 oxide	 eugenol	
cement	was	placed	into	the	coronal	pulp	chamber.	A	layer	
of	 intermediate	 restorative	 material	 (IRM)	 was	 placed	 at	
the	 same	 appointment	 as	 the	 pulpotomy.[5]	 In	 formocresol	
group	 (Group	 B),	 all	 the	 first	 or	 second	 primary	 molars	
under	 study	 were	 treated	 with	 cotton	 pellet	 moistened	
with	 formocresol	 (Pharmadent	 Remedies	 Pvt.	 Ltd.,	
Gundlav,	India)	duly	blotted	and	virtually	dry,	was	placed	
above	 the	 radicular	pulp	 for	5	min	and	 then	 removed	and	
thick	mix	 of	 zinc	 oxide	 eugenol	 cement	was	 then	 placed	
into	 the	 coronal	 pulp	 chamber.	 IRM	 cement	 base	 was	
placed	over	 the	 zinc	oxide	 layer	 at	 the	 same	appointment	
as	 the	 pulpotomy.	 After	 1	 day,	 the	 teeth	 belonging	 to	
Group	A	 and	 B	were	 restored	with	 a	 preformed	 stainless	
steel	 crown	 after	 placement	 of	Glass	 Ionomer	Cement	 as	
a	definitive	restoration	[Figure	3].

The	 children	 were	 examined	 clinically	 at	 regular	
intervals	 of	 24	 h,	 1	month,	 3	months,	 6	months,	 1	 year,	
2nd	 year,	 3rd	 year,	 4th	 year,	 and	 at	 5	 years	 or	 at	 the	
exfoliation	 of	 the	 teeth	 by	 single	 investigator	 who	 was	
blinded	 to	which	 the	 subject	 group	 belonged	 [Figure	 4a	
and	 b].	 The	 children	 were	 looked	 for	 the	 following	
signs	and	symptoms	such	as	pain,	swelling,	sinus/fistula,	
periapical	 changes,	 furcation	 radiolucency,	 and	 internal	
resorption.

Figure 1: Preoperative radiograph
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The	 treatment	 was	 considered	 as	 a	 failure	 when	 one	 or	
more	 of	 the	 above‑mentioned	 signs	 and	 symptoms	 were	
evident,	but	pulp	canal	obliteration	(PCO)	was	not	regarded	
as	 a	 failure.	 The	 absence	 of	 dentinal	 bridge	 was	 not	
regarded	as	a	failure	in	case	of	MTA	(Group	A).

The	 teeth	 under	 the	 study	were	 followed	 up	 clinically	 and	
radiographically	[Tables	1‑4]	for	60	months	with	follow‑up	
intervals	being	24	h,	1	month,	3	months,	6	months,	1	year,	
and	 then	 every	 yearly	 till	 the	 exfoliation	 of	 the	 tooth	
occurred	 (5	 years)	 [Figure	 5a	 and	 b].	 Dropout	 was	 not	
observed	 in	 this	 study.	After	 the	 teeth	 exfoliated,	 the	 teeth	
were	 then	 subject	 to	 a	 histopathologic	 examination	 which	
showed	 that	 in	 Group	A	 (MTA)	 there	 were	 calcospherites	
of	 dentin	 and	 below	 this	 calcospherites	 there	 was	 thin	
layer	 of	 calcified	 structure	 but	 the	 Group	 B	 (formocresol)	
showed	 no	 evidence	 of	 predentin	 or	 dentoid	 like	 structure	
adjacent	to	pulp	core	[Figure	6a	and	b].

Results
The	data	were	entered	into	a	standardized	format	and	analyzed	
statistically	analyzed	by	Chi‑square	test	and	test	of	proportion	
Z‑test	to	weigh	up	the	success	rate	of	the	treatment	with	MTA	
(Group	A)	and	formocresol	(Group	B)	after	6	months.

A	 total	of	38	first	primary	molars	and	22	s	primary	molars	
were	 treated	 by	 the	 above	 method.	 Children	 in	 both	
groups	 were	 evaluated	 for	 60	 months	 postoperatively.	
The	 follow‑up	 evaluations	 revealed	 100%	 success	 with	
regard	 to	 the	 clinical	 signs,	 namely,	 pain,	 swelling	 and	

sinus/fistula	 for	 both	 groups.	 Not	 a	 single	 of	 the	 teeth	 in	
either	 of	 the	 group	 showed	 any	 clinical	 pathology	 at	 the	
end	of	6	months	when	observed	by	the	same	observer.

Z‑test	 was	 not	 necessary	 for	 the	 clinical	 signs	 as	 all	 the	
sample	 size	 showed	 no	 clinical	 evidence	 of	 failure,	 giving	
100%	success.	In	the	present	study,	MTA	(Group	A	n	=	30),	
at	 the	 end	 of	 6	 months	 and	 60‑month	 evaluation	 showed	
eighteen	 pulpotomized	 teeth	 with	 dentin	 bridge	 formation,	
two	samples	with	PCO	and	 ten	samples	did	not	 reveal	any	
calcific	bridge.

With	 regard	 to	 the	 methodology,	 the	 treatment	 was	 taken	
as	a	failure	when	one	or	more	following	signs	were	present	
internal	 resorption,	 furcation	 radiolucency,	 and	 periapical	
bone	destruction	though	PCO	was	not	considered	as	failure.

Out	 of	 thirty	 pulpotomy	 carried	 on	 primary	 molars,	 with	
MTA	(Group	A),	none	of	them	showed	signs	of	failure	such	
as	internal	resorption,	furcation	involvement,	and	periapical	
radiolucency	with	the	100%	success	radiographically.

However,	 out	 of	 thirty	 teeth	 treated	 with	
formocresol	 (Group	 B),	 twenty‑nine	 teeth	 did	 not	 show	
any	 internal	 resorption	 while	 one	 case	 showed	 internal	
resorption	 but	 with	 no	 considerable	 difference	 between	
MTA‑treated	and	formocresol‑treated	teeth.

Discussion
Pulpotomy	 is	 a	 general	 procedure	 in	 the	 treatment	
of	 acutely	 inflamed	 primary	 teeth.	 When	 the	 carious	

Table 2: Clinical assessment for formocresol group
Observed 
period

Total number of 
teeth evaluated

Number of primary 
molars without pain

Number of primary 
molars without mobility

Number of primary 
molars without swelling

Number of primary 
molars without sinus

24	h 30 30 30 30 30
1	month 30 30 30 30 30
3	months 30 30 30 30 30
6	months 30 30 30 30 30
1	year 30 30 30 30 30
2	years 30 30 30 30 30
3	years 30 30 30 30 30
4	years 30 30 30 30 30
5	years 30 30 30 30 30

Table 1: Clinical assessment for mineral trioxide aggregate group
Observed 
period

Total number of 
teeth evaluated

Number of primary 
molars without pain

Number of primary 
molars without mobility

Number of primary 
molars without swelling

Number of primary 
molars without sinus

24	h 30 30 30 30 30
1	month 30 30 30 30 30
3	months 30 30 30 30 30
6	months 30 30 30 30 30
1	year 30 30 30 30 30
2	years 30 30 30 30 30
3	years 30 30 30 30 30
4	years 30 30 30 30 30
5	years 30 30 30 30 30
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Figure 2: Intraoperative photograph showing hemostasis of amputated pulp
Figure 3: Stainless steel crowns placed after glass iononer restoration

Figure 4: (a and b) Follow-up radiograph after 6 months in Group A and 
Group B

a b
Figure 5: (a and b) Follow-up radiograph after 60 months in Group A and 
Group B

a b

process	 exposes	 the	 pulp,	 it	 reacts	 through	 inflammation	
restricted	 to	 the	 area	 close	 to	 the	 carious	 injury.	 If	 the	
pulp	 in	 the	 root	 canal	 seems	 to	 be	 unaffected	 pulpotomy	
is	 the	 treatment	 of	 choice.	 The	 success	 or	 failure	 of	 the	
procedure	 lies	 not	 only	 with	 the	 choice	 of	 the	 procedure	
but	 also	 with	 the	 different	 pharmacotherapeutic	 agent,	
which	have	been	by	now	used	for	 the	above	procedure	of	
the	primary	teeth.[6,7]

Formocresol	 has	 been	 the	 pick	 of	 material	 for	 the	
pulpotomy	 procedure.	 It	 has	 otherwise	 proved	 as	 “gold	
standard”	 in	 pediatric	 dentistry	 may	 be	 mainly	 due	 to	
its	 ease	 in	 use	 and	 exceptional	 clinical	 success,	 but	 this	
clinical	 success	 rate	 has	 been	 always	 in	 close	 observation	
due	 to	 its	 safety	 considerations	 and	 to	 the	 availability	 of	
the	newer	materials	in	the	market.[8]

MTA	is	 relatively	a	new	material	 that	has	now	become	the	
material	of	choice	for	definite	endodontic	applications.	The	
USA	Food	and	Drug	Administration	in	1998	approved	MTA	
as	 an	 beneficial	 endodontic	 material	 in	 humans.[9]	 MTA	
has	 proved	 as	 not	 only	 an	 inert	 material	 but	 one	 which	
actively	 promotes	 hard	 tissue	 formation.[10]	 In	 the	 present	
study	as	per	criterion	first	and	second	primary	molars	were	
considered	 to	 receive	 pulpotomy	 materials,	 for	 example,	
MTA	(Group	A)	and	Formocresol	(Group	B),	(n	=	30	each)	
respectively	[Table	5].

Ever	 since	 its	 introduction,	 MTA	 has	 been	 used	 in	
pulpotomy	 procedures	 in	 both	 primary	 and	 permanent	
teeth.	 Comparative	 studies	 have	 made	 known	 MTA	 to	 be	
equal	 to	 or	 better	 than	 other	 medicaments	 and	 materials	
used	 for	 primary	 tooth	 pulpotomies	 the	 majority	 of	 the	
reports	 are	 comparative	 in	 character	 employing	 clinical	
signs	 and	 symptoms	 with	 radiographic	 analysis	 to	 resolve	
success	 or	 failure.	 Continuing	 clinical	 trials	 have	 shown	
MTA	to	generate	better	results	than	formocresol	when	used	
for	 pulpotomy	 in	 primary	 teeth.	 Even	 though	 radiopaque	
calcified	 tissue	 leading	 to	 canal	 obliteration	 can	 be	 seen	

Figure 6: (a and b) Histopathologic picture of exfoliated teeth after 
60 months (under × 10)

a

b
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in	 greater	 than	 half	 of	 the	 cases	 using	 both	 materials,	
MTA	 demonstrates	 dentin	 bridge	 formation	 enhancing	 the	
superiority	of	the	material.[11‑13]

In	 the	 present	 study,	 there	 was	 no	 significant	 difference	
between	 first	 and	 second	 primary	 molars	 during	 our	
observation	 period	 using	 these	 materials	 (P	 ≥	 0.05).	 In	
this	 study,	 no	 difference	 was	 found	 in	 clinical	 outcomes	
for	 both	 the	 medicaments	 [Tables	 1	 and	 2].	 The	 success	
rate	 of	MTA	 in	 this	 study	with	 all	 the	molars	 showing	 the	
absence	 of	 adverse	 clinical	 signs	 such	 as	 pain,	 swelling,	
and	 sinus/fistula	 can	 be	 considered	 due	 to	 its	 exceptional	
sealing	 ability,	 biocompatibility,	 and	 gift	 to	 regenerate	 the	
hard	tissues.[14]

Although	 success	 rate	 in	 this	 study	 is	 promising	 with	
eighteen	 teeth	 showing	 calcific	 bridge	 and	 two	 teeth	 with	
PCO,	 ten	 cases	 without	 calcific	 bridge	 can	 be	 attributable	
to	 the	 observation	 period	 being	 <1	 year	 [Table	 2].	 The	
present	 data	 indicate	 that	 under	 standardized	 and	 optimal	

clinical	 conditions	 and	 defined	 period	 of	 observation	MTA	
has	 shown	 very	 promising	 success	 with	 all	 thirty	 samples	
not	showing	any	adverse	effects	of	clinical	sign.

MTA’s	 effect	 on	 amputated	 pulpal	 tissue	 gives	 the	
impression	 to	 suggest	 that	 the	 material	 preserves	 the	
pulp	 tissue	 and	 promotes	 the	 rebirth	 of	 hard	 tissues.	 The	
nearly	 normal	 pulpal	 architecture,	 intact	 and	 continuous	
odontoblastic	 layer	 and	 reparative	 dentin	 bridging	
observed	 indicate	 about	 the	 material’s	 biocompatibility	
and	 regeneration	 ability.	MTA	 stimulates	 dentin	 formation	
neighboring	 the	 dental	 pulp,	 dentinogenesis	 of	 MTA	 can	
be	 due	 to	 its	 superior	 sealing	 ability,	 biocompatibility,	 and	
alkalinity.[15]

The	 100%	 clinical	 success	 rate	 of	 formocresol	
pulpotomy	 (Group	 B)	 in	 our	 study	 was	 attributable	 to	 its	
germicidal	 action.	The	 chemical	 bonding	with	 the	 proteins	
of	microorganisms	 is	 the	 foundation	of	 bactericidal	 feat	 of	
formocresol	 and	 also	 to	 its	 fixative	 qualities.	Although	 the	
study	is	 imperative	 to	suggest	 the	clinical	and	radiographic	
success,	 it	 is	 difficult	 to	 forego	 the	 actions	 which	 are	
present	 due	 to	 the	 chemical	 action	 of	 the	 formaldehyde	
with	reference	to	fixation	with	the	protein.[16,17]

Formocresol	 also	 has	 also	 been	 reported	 to	 show	 a	
greater	 quantity	 of	 root	 resorption	 than	MTA.	 One	 tooth	
from	 formocresol	 (Group	 B)	 radiographically	 showed	
internal	 resorption	 which	 was	 considered	 as	 failure	 in	

Table 3: Radiographic assessment for mineral trioxide aggregate group
Observed 
period

Total number of 
teeth evaluated

Number of primary 
molars without internal 

root resorption

Number of primary 
molars without external 

root resorption

Number of primary molars 
without periapical/furcal 

radiolucency

Number of primary 
molars without pulp 

canal obliteration
24	h 30 30 30 30 30
1	month 30 30 30 30 30
3	months 30 30 30 30 30
6	months 30 30 30 30 30
1	year 30 30 30 30 30
2	years 30 30 30 30 30
3	years 30 30 30 30 30
4	years 30 30 30 30 30
5	years 30 30 30 30 30

Table 4: Radiographic assessment for formocresol group
Observed 
period

Total number of 
teeth evaluated

Number of primary 
molars without internal 

root resorption 

Number of primary 
molars without external 

root resorption

Number of primary 
molars without periapical/ 

furcal radiolucency 

Number of primary 
molars without pulp 

canal obliteration
24	h	 30	 30	 30	 30	 30	
1	month	 30	 30	 30	 30	 30	
3	months	 30	 30	 30	 30	 30	
6	months	 30	 30	 30	 30	 30	
1	year	 30	 29	 30	 30	 30	
2	years	 30	 29 30	 30	 30	
3	years	 30	 29	 30	 30	 30	
4	years	 30	 29	 30	 30	 30	
5	years	 30	 29 30	 30	 30	

Table 5: Distribution of samples
First primary 

molar
Second primary 

molar
Total

MTA	(Group	A) 17 13 30
Formocresol	(Group	B) 21 9 30
Total 38 22 60
MTA:	Mineral	trioxide	aggregate
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the	 posttreatment	 evaluation	 period	 as	 per	 methodology.	
In	 this	 study,	 there	 appears	 a	 very	 little	 difference	 in	
the	 clinical	 and	 radiographical	 outcomes	 in	 both	 the	
medicaments.

Conclusion
The	 principle	 conclusions	 of	 this	 study	 are	 that	 there	 are	
no	significant	differences	in	MTA	and	formocresol.	Clinical	
and	 radiographic	 evaluation	 revealed	 that	 formocresol	
pulpotomy	 can	 be	 considered	 as	 successful	 as	 MTA	 till	
this	 therapy	 influences	 the	 development	 and	 growth	 of	 the	
permanent	teeth.

Financial support and sponsorship

Nil.

Conflicts of interest

There	are	no	conflicts	of	interest.

References
1.	 Dominguez	MS,	Witherspoon	DE,	Gutmann	 JL,	Opperman	LA.	

Histological	 and	 scanning	 electron	 microscopy	 assessment	 of	
various	vital	pulp‑therapy	materials.	J	Endod	2003;29:324‑33.

2.	 Ranly	DM.	Pulpotomy	therapy	in	primary	teeth:	New	modalities	
for	old	rationales.	Pediatr	Dent	1994;16:403‑9.

3.	 Bodem	 O,	 Blumenshine	 S,	 Zeh	 D,	 Koch	 MJ.	 Direct	 pulp	
capping	 with	 mineral	 trioxide	 aggregate	 in	 a	 primary	 molar:	A	
case	report.	Int	J	of	Pediat	Dent	2004;14:376‑79.

4.	 Waterhouse	 PJ,	 Nunn	 JH,	 Whitworth	 JM.	 An	 investigation	 of	
the	 relative	 efficacy	 of	 Buckley’s	 Formocresol	 and	 calcium	
hydroxide	 in	 primary	 molar	 vital	 pulp	 therapy.	 Br	 Dent	 J	
2000;188:32‑6.

5.	 Agamy	HA,	Bakry	NS,	Mounir	MM,	Avery	DR.	Comparison	 of	

mineral	trioxide	aggregate	and	formocresol	as	pulp‑capping	agents	
in	pulpotomized	primary	teeth.	Pediatr	Dent	2004;26:302‑9.

6.	 Berger	 JE.	 Pulp	 tissue	 reaction	 to	 formocresol	 and	 zinc	
oxide‑eugenol.	J	Dent	Child	(Chic)	1965;32:13‑28.

7.	 Naik	 S,	 Hegde	AH.	Mineral	 trioxide	 aggregate	 as	 a	 pulpotomy	
agent	 in	 primary	molars:	An in vivo study.	 J	 Indian	 Soc	 Pedod	
Prev	Dent	2005;23:13‑6.

8.	 Ranly	DM,	Lazzari	EP.	The	 formocresol	 pulpotomy	–	The	 past,	
the	present,	and	the	future.	J	Pedod	1978;2:115‑27.

9.	 Schwartz	 RS,	Mauger	M,	 Clement	 DJ,	Walker	WA	 3rd.	Mineral	
trioxide	 aggregate:	A	 new	material	 for	 endodontics.	 J	Am	Dent	
Assoc	1999;130:967‑75.

10.	 Torabinejad	 M,	 Chivian	 N.	 Clinical	 applications	 of	 mineral	
trioxide	aggregate.	J	Endod	1999;25:197‑205.

11.	 de	Menezes	JV,	Takamori	ER,	Bijella	MF,	Granjeiro	JM. In vitro 
toxicity	 of	MTA	 compared	 with	 other	 primary	 teeth	 pulpotomy	
agents.	J	Clin	Pediatr	Dent	2009;33:217‑21.

12.	 Yildirim	 C,	 Basak	 F,	Akgun	 OM,	 Polat	 GG,	Altun	 C.	 Clinical	
and	 radiographic	 evaluation	 of	 the	 effectiveness	 of	 formocresol,	
mineral	 trioxide	 aggregate,	 Portland	 cement,	 and	 enamel	matrix	
derivative	 in	 primary	 teeth	 pulpotomies:	A	 two	 year	 follow‑up.	
J	Clin	Pediatr	Dent	2016;40:14‑20.

13.	 Asgary	 S,	 Shirvani	 A,	 Fazlyab	 M.	 MTA	 and	 ferric	 sulfate	 in	
pulpotomy	outcomes	of	primary	molars:	A	systematic	review	and	
meta	analysis.	J	Clin	Pediatr	Dent	2014;39:1‑8.

14.	 Economides	N,	 Pantelidou	O,	Kokkas	A,	Tziafas	D.	 Short	 term	
periradicular	tissue	response	to	mineral	trioxide	aggregate	(MTA)	
as	root	end	filling	material.	Int	Endod	J	2003;36:44‑8.

15.	 Vij	 R,	 Coll	 JA,	 Shelton	 P,	 Farooq	NS.	 Caries	 control	 and	 other	
variables	 associated	 with	 success	 of	 primary	 molar	 vital	 pulp	
therapy.	Pediatr	Dent	2004;26:214‑20.

16.	 Macwan	C,	Deshpande	A.	Mineral	 trioxide	 aggregate	 (MTA)	 in	
dentistry:	A	review	of	literature.	J	Oral	Res	Rev	2014;6:71‑4.

17.	 Roberts	 HW,	 Toth	 JM,	 Berzins	 DW,	 Charlton	 DG.	 Mineral	
trioxide	aggregate	material	use	in	endodontic	treatment:	A	review	
of	the	literature.	Dent	Mater	2008;24:149‑64.

[Downloaded free from http://www.contempclindent.org on Tuesday, April 25, 2017, IP: 182.48.229.188]



Journal of Clinical and Diagnostic Research. 2017 Jun, Vol-11(6): ZC69-ZC72 6969

DOI: 10.7860/JCDR/2017/25596.10083 Original Article

Miscellaneous

Postgraduate Education

Letter to Editor

Short Communication

Images in Medicine
Experimental Research

Clinician’s cornerReview Article

Case Report

Case Series

D
en

tis
tr

y 
S

ec
tio

n Comparative Assessment of Conventional 
Composites and Coloured Compomers in 
Permanent Molars of Children with Mixed 

Dentition: A Pilot Study

INTRODUCTION
With globalisation on the rise, there is an ever increasing rate of 
caries seen in children. 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 [1]. This could be attributed to poor oral care 
compliance, fear of dental treatment and difficulty in motivating 
children of this age group to receive any dental treatment.  One way 
of rousing them is to use restorative material of their choice. Some 
children like fancy tooth coloured, indiscernible dental restorations, 
while others enjoy a vibrant restorative material for their teeth [2]. 
When it comes to providing an enticement to those children who are 
nervous and who simply refuse treatment, the deciding factor can 
be the rainbow restorations [3].

Composites being the pioneer materials for permanent teeth, 
more new materials have come to the limelight which could be 
used in permanent teeth. A new generation of glass ionomer, now 
available are called compomers, which are resin reinforced glass-
ionomer cements. The filler content of the coloured compomers 
is comparable to the conventional composites and are available in 
gold, silver, blue, green, red, pink, berry, lemon and orange shades 
with glitter particles [4,5].

There have been no previous studies in India to compare conventional 
composites and coloured compomers on first permanent molars. 
The aim of the present study was to compare and assess the six 
month clinical success of conventional composites and coloured 
compomers in first permanent molars of children aged six to twelve 
years. The null hypothesis tested was that there is no difference 
between the clinical success of conventional composites and 

coloured compomers when used in permanent first molars of 
children aged six to twelve years tested over six month evaluation. 
The alternate hypothesis states that there was a difference between 
the clinical success of conventional composites and coloured 
compomers when used in permanent first molars of children aged 
six to twelve years tested over six month evaluation. 

MATERIALS AND METHODS
An in vivo study was conducted at the Department of Pedodontics 
and Preventive Dentistry for a duration of six months. A total of 
30 healthy subjects between six to twelve years were identified 
by clinical and radiographic examination for having at least two 
permanent molars with detected caries for class one restorations. 
Hence sixty sites, divided into two groups, with thirty samples in each 
were selected from those reporting to the outpatient department 
of the Department of Pedodontics and Preventive Dentistry of the 
institute. The purpose and clinical procedures of the study were 
explained and a signed informed consent was obtained from the 
children’s parents. The Institutional Ethical Committee in Human 
Research approved the study. 

Selection of the subjects: Children with first dental visit, having 
mixed dentition (6-12-year-old), with maxillary or mandibular first 
permanent molars with occlusal caries involving enamel or dentin 
(Indicated for Type A and Type B Preventive Resin Restoration). 
Patients with high risk of caries (having more than four carious 
lesions), proximal caries in the selected teeth, patients undergoing 
orthodontic treatment, who had any systemic diseases, and with 
special health care needs were excluded from the study.

Where the confidence level was 0.70, the probability was 0.05. 
Thus the sample size derived was 23.5. Considering the dropout, 
the sample size chosen was 30 [6].
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ABSTRACT
Introduction: Early treatment of carious lesions in children is 
important for the maintenance of oral health. Multicoloured 
restorations could be the impetus for an extremely nervous or 
defiant child to take dental treatment.

Aim: The aim of this study was to assess and compare the 
clinical success of conventional composites and coloured 
compomer material in first permanent molars of children with 
mixed dentition.

Materials and Methods: A total of sixty sites, divided into two 
groups, with thirty subjects in each group using split mouth 
design were chosen amongst patients reporting to Department 
of Pedodontics and Preventive Dentistry. In control group 
conventional composites were placed, similarly coloured 

compomers were placed in experimental group under standard 
operating protocol. Patients were recalled for assessment of 
clinical success amongst control as well as experimental group 
at regular intervals of one; three and six months follow up based 
on Modified Ryge’s Criteria. Statistical analysis was done using 
Chi-square test using SPSS version 20.0 (Chicago, USA).

Results: Both conventional composites and coloured 
compomers had comparable retention rates in terms of 
anatomical form, marginal integrity, secondary caries and 
marginal discolouration.

Conclusion: The coloured compomer material showed 
promising results in this six month follow up study in permanent 
molars and had properties comparable to that of conventional 
composites.
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[Table/Fig-1]: US public health service Modified Ryge Criteria [7].

The estimated sample size (n=60) was further divided into two groups 
of thirty each. Using split mouth design technique sixty restorations 
were placed - thirty conventional composite restorations (3M ESPE, 
St. Paul, Minn., USA) as control group (Group A) and thirty coloured 
compomer restorations (Twinky Star, Voco, Cuxhaven, Germany) as 
experimental group (Group B) in the selected patients. 

Clinical procedure: Children fulfilling the inclusion criteria were 
selected for the procedure and by using lottery method, they were 
allotted to the control and experimental group. After comfortably 
seating them on the dental chair, the procedure was completely 
explained to the parents as well as the children by the principal 
operator. Selected teeth were isolated using rubber dam and 
fluoride free pumice prophylaxis was done on the concerned tooth. 
The tooth preparation was carried out to receive the restorations 
using high speed round diamond points according to the 
principles of minimum invasive dentistry under standard operating 
protocol. A self-etching bonding system (Futurabond NR, Voco) 
was used according to the manufacturer’s instructions in both the 
groups. Restorations were placed according to the manufacturer’s 
instructions in horizontal layers not exceeding a thickness of 2 mm 
to allow proper polymerisation of the material; each layer was 
polymerised for 40 seconds in both the groups. Occlusion was 
evaluated with an articulating paper. The restorations were polished 
using diamond finishing burs and discs (3M ESPE, St. Paul, Minn., 
USA). The baseline or immediate evaluation of all the restorations 
was done by an experienced examiner (Paediatric dentist) in the 
Department of Pedodontics and Preventive Dentistry. 

Follow up period: The participants were recalled for the follow 
up at one, three and six months interval and a single experienced 
examiner (Paediatric dentist) who was trained to examine using the 
US Public Health Service Modified Ryge’s Criteria [Table/Fig-1], 
assessed the restorations under normal clinical conditions with a 
dental operating light, a mouth mirror and a dental explorer. Score 
1 indicated a clinically ideal situation; Score 2 (apart from caries) 
indicated a clinically acceptable situation; Score 3 indicated a 
clinically unacceptable situation, which usually required replacement 
of the restoration, and Score 4 indicated a clinically unacceptable 
situation because of fracture, mobility or loss of the restoration, 
which made it necessary to replace it [7].

The data was entered into a standardised format and analysed 
statistically using Chi-square test using SPSS version 20.0 (Chicago, 
USA).

RESULTS
A total of 60 restorations were evaluated at six month recall. 
Statistical analysis revealed no statistical differences in the first 
month in both Group A (control group) and Group B (experimental 
group) regarding marginal integrity, anatomic form, secondary caries 
and marginal discolouration [Table/Fig-2].

After three months, only two restorations (6.7%) showed a Score 
2 in Group B for anatomic form; 6.7% showed secondary caries 
in Group A and 23.3% showed marginal discolouration in group B. 
When both the groups were compared all the parameters showed 
clinically insignificant difference except for marginal discolouration 
which was highly significant. (p=0.005) [Table/Fig-3].

After six months, there was a 13.3% change in marginal integrity for 
Group A and 10% change in Group B. A 6.7% change in anatomic 
form was observed in Group A and 13.3% in Group B. On evaluation 
only Group A showed 10.0% incidence of secondary caries while 
Group B showed no secondary caries. A 36.6% of marginal 
discolouration was observed in Group B with no change in Group 
A. When both the groups were compared for all the parameters 
there was clinically insignificant difference found except for marginal 
discolouration (p=0.015) [Table/Fig-4].

DISCUSSION
In the recent years there has been an increasing demand of tooth 
coloured materials such as glass ionomer, polyacid modified resin 
composites and resin composites. Composite resin is the universally 
used tooth coloured direct restorative material. It is because of their 
properties (aesthetics, and advantages of adhesive technology) 

anatomic form
1. Restoration is continuous with the existing anatomic form.
2.  Restoration is discontinuous with the existing anatomic form but missing 

material is not sufficient to expose dentin.
3.  Sufficient material missing to expose dentin.

Marginal integrity
1.  Explorer does not catch or / and no crevice is visible.
2.  Explorer catches and crevice is visible but no exposure of dentin or base and 

restoration is not mobile.
3.  Explorer penetrates crevice, defect extends to dentino enamel junction.
4.  Restoration is fractured, mobile or missing, either in part or in toto.

Marginal discolouration
1.  No visual evidence of marginal discolouration.
2.  Marginal discolouration has not yet penetrated in pulpal direction.
3.  Marginal discolouration has penetrated in pulpal direction.

recurrent caries
1.  No caries present.
2.  Caries present associated with the restoration.

Criteria

group a group B  Chi-square 
testScore Score

1 2 3 4 1 2 3 4

No statistical 
differenceMarginal integrity

Subject count 30 - - - 30 - - -

percentage within the groups 100% - - - 100% - - -

total Subjects 30 30

anatomic Form

Subject count 30 - - - 30 - - -
No statistical 

differencepercentage within the groups 100% - - - 100% - - -

total Subjects 30 30

Secondary Caries

Subject count 30 - - - 30 - - -

No statistical 
difference

percentage within the groups 100% - - - 100% - - -

total Subjects 30 30

Marginal 
Discolouration

Subject count 30 - - - 30 - - -

No statistical 
difference

percentage within the groups 100% - - - 100% - - -

total Subjects 30 30

[Table/Fig-2]: Showing clinical success for conventional composite material in control group (Group A) and coloured compomer in experimental group (Group B) at one month 
interval.
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composites have taken over the place that was occupied by 
amalgam [8]. Polymerisation shrinkage of composite resin is one 
of the most important limitation, which is because of the volumetric 
contraction, which further leads to stresses in bonded restorations 
subsequently resulting in distortion of the cusps, thus producing 
enamel microcracks, reduction of marginal adaptation, as well as 
postoperative sensitivity [9].

Compomers are composed of glass ionomer cement and visible 
light polymerised-resin component. They combine the mechanical 
and aesthetic properties of composites with the fluoride releasing 
advantages of glass ionomers [10]. They are widely accepted 
because of their low thermal conductivity, preservation of dental 
structure in cavity preparation, stability of their composition, fluoride 
release, and because of the increasing demand from parents to 
provide aesthetic restorations for their children [11]. The present 
study was undertaken to assess the clinical success of the coloured 
compomer with that of the conventional composite in class I 
restorations of permanent molar teeth as there was no evidence of 
this material being used in the permanent dentition. One adhesive 
system was used with both the materials to eliminate the effect of 
the adhesive system. The split-mouth design followed in this study 
helped to overcome the patient bias and to compare efficiency of 
the two materials under the similar oral conditions.

The results of the present study showed that the clinical success 
of both restorative materials when measured on the basis of 

[Table/Fig-4]: Showing clinical success for conventional composite material in control group (Group A) and coloured compomer in experimental group (Group B) at six month 
interval.

marginal integrity, marginal discolouration, anatomic form, and 
secondary caries was acceptable. The statistical analysis revealed 
no significant differences among the groups at all recalls regarding 
marginal integrity, anatomic form, secondary caries except for 
marginal discolouration (p=0.015).

Clinical studies have shown that commercially available compomers 
have high clinical success rates which are comparable to amalgam, 
and this makes them a suitable alternative to amalgam for restoring 
primary teeth in children [12-14]. 

In a scientific report (Twinky Star – 3 Year Clinical Study) [15], it 
was concluded that it exhibited the properties of an effective 
restoration with respect to stability and longevity after three years. 
Although minimum invasive protocols were followed in the present 
study, higher clinical success could be attributed to proper isolation 
techniques using rubber dam followed by correct clinical protocol.

The marginal integrity in our study for coloured compomer was 
acceptable and it was in accordance to the study by Ertugrul F et 
al., where the clinical success of Twinky star was found to be 93% 
[11].

Although, examination of the margins showed discolouration with 
loss of glitter particles there was no incidence of secondary caries. 
The absenteeism of secondary caries is in accordance with the 
findings of Peters T et al., who reported only 1% recurrent caries 
incidence after one year [16]. The non-appearance of secondary 

Criteria

group a group B

 Chi-square testScore Score

1 2 3 4 1 2 3 4

Marginal
integrity

Subject count 26 4 - - 27 3 - -
p = 0.688
c2 = 0.162

 df = 1
percentage within the groups 86.7% 13.3% - - 90.0% 10.0% - -

total Subjects 30 30

anatomic Form

Subject count 28 2 - - 26 4 - -
p = 0.389
c2 = 0.741

 df = 1
percentage within the groups 93.3% 6.7% - - 86.7% 13.3% - -

total Subjects 30 30

Secondary Caries

Subject count 27 3 - - 30 - - -
p = 0.675
c2 = 0.756

 df = 1
percentage within the groups 90.0% 10.0% - - 100% - - -

total Subjects 30 30

Marginal 
Discolouration

Subject count 30 - - - 19 11 - -
p = 0.015
c2 =5.963

 df = 1
percentage within the groups 100% - - - 63.3% 36.6% - -

total Subjects 30 30

Criteria

group a group B

 Chi-square testScore Score

1 2 3 4 1 2 3 4

Marginal integrity

Subject count 30 - - - 30 - - -
No statistical 

differencepercentage within the groups 100% - - - 100% - - -

total Subjects 30 30

anatomic Form

Subject count 30 - - - 28 2 - -
p = 0.150
c2 = 2.069

 df = 1
percentage within the groups 100% - - - 93.3% 6.7% - -

total Subjects 30 30

Secondary Caries

Subject count 28 2 - - 30 - - -
p = 0.150
c2 = 2.069

 df = 1
percentage within the groups 93.3% 6.7% - - 100% - - -

total Subjects 30 30

Marginal Discolouration

Subject count 30 - - - 23 7 - -
p = 0.005
c2 = 7.925

 df = 1
percentage within the groups 100% - - - 76.7% 23.3% - -

total Subjects 30 30

[Table/Fig-3]: Showing clinical success for conventional composite material in control group (Group A) and coloured compomer in experimental group (Group B) at three month 
interval.
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caries at the occlusal margins may be related to the lack of marginal 
gaps. However, Papagiannoulis L et al., reported a 6% of secondary 
caries rate in Dyract restorations [17]. The compomer material 
tested in our study showed no secondary caries as compared with 
amalgams (9%), cermet cements (9%), conventional glass ionomers 
(4%) and resin composites (6%) tested in other studies [18,19].  This 
study has presented that coloured compomer (Twinky Star) could 
be used as a substitute to tooth coloured compomers because of 
its high clinical success after six months of evaluation. It has been 
reported that young patients who are allowed to choose the colour 
of their restorations are more likely to accept the idea of treatment. 
The accomplishment of the treatment is aided even further by the 
dentist’s justification to the child that the fillings will continue to look 
good as long as the patient maintains them well [5]. The limitation 
of this study was that a small sample size with a shorter follow up 
interval was targeted.

CONCLUSION 
The coloured compomer material showed promising results in this 
six month follow up study of class I restorations in permanent molars 
and has properties comparable to that of conventional composites. 
Also, allowing the child to decide the colour of the filling makes 
them to participate in the treatment process and helps to reduce 
the anxiety of the child. Thus, multicoloured restorations do act as a 
motivational tool for oral hygiene and behavioural management for 
future visits. Future research is needed for long term durability of these 
restorations and more clinical data is required regarding parental 
satisfaction with such restorations. Thus, coloured compomer can 
definitely be used as an alternative material for restorative purposes 
in permanent teeth because of its high clinical success rate.
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on Salivary Streptococcus mutans 
Level: A Six Month Clinical Study

INTRODUCTION
Oral cavity is the mirror of general body and so is the oral health an 
integral part of general health. Dental caries is a complex disease 
affecting a large proportion of the world. The prevalence of dental 
caries in developing countries like India is increasing at an alarming 
level in comparison to the developed countries because of the 
variety of preventive measures carried out at the community and 
individual level.

Dental caries is a multifactorial disease. Various host, agent and 
environmental factors play an important role in the development of 
dental caries and various strategies for controlling dental caries are 
focussed on disrupting the interaction between all the risk factors 
[1].

 The best method for prevention of caries includes dietary modification, 
adequate oral hygiene practices, antimicrobial agents, pit and 
fissure sealants and use of varnishes. All these measures target the 
oral microflora. Various antimicrobials have been used in oral cavity 
with varying efficacy to suppress the growth of microorganisms 
responsible for dental caries. Among all the species, Streptococcus 
Mutans (SM) has found to be a predominant organism responsible 
for dental caries [2]. Longitudinal studies have found a significant 
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ABSTRACT
Introduction: Dental caries is the most widespread disease 
which has a multi factorial origin. Streptococcus mutans is 
considered to be the chief pathogen in its development. Different 
varnishes are available which can be used for the prevention of 
the carious process.

Aim: To compare the effect of fluoride varnish, chlorhexidine 
varnish and fluoride varnish containing Casein Phosphopeptide 
– Amorphous Calcium Phosphate (CPP-ACP) on salivary 
Streptococcus mutans count in children with mixed dentition 
over a period of six months.

Materials and Methods: Seventy two children of age 6-12 
years with mixed dentition were selected fulfilling inclusion 
and exclusion criteria and divided into three groups: Group 
I– Fluoride varnish group; Group II– Chlorhexidine varnish 
group; Group III– MI varnish (fluoride varnish containing CPP-
ACP) group. After thorough oral prophylaxis and restorative 

treatment the varnishes were applied to the teeth once a week 
for four consecutive weeks in the respective groups. Salivary 
Streptococcus mutans count (CFU/ml of saliva) was estimated 
at baseline, 1 month, 3 months and 6 months after varnish 
application. Bonferroni post-hoc test and paired t-test for inter 
group and intra group comparison was used in the study.

Results: A statistically significant reduction in salivary S. mutans 
colony count was seen with all three groups at all the different 
time intervals. Maximum reduction was noted in chlorhexidine 
varnish group at all the intervals after varnish application.

Conclusion: Prevention of dental caries plays a vital role in 
paediatric dental practice. The use of dental varnish has proved 
to be effective in reducing the dental caries. Chlorhexidine 
varnish was found to show maximum reduction in salivary S. 
mutans count for six month period, when compared to MI varnish 
and fluoride varnish. Thus, chlorhexidine varnish can be used as 
potent caries inhibiting agent and promote good oral health.

association between increased proportion of S. mutans in saliva 
and incidence of dental caries [2,3]. 

Among the possible strategies in Streptococcus Mutans (SM) 
control, chemotherapeutic treatment regimens have received much 
attention and have presented satisfactory results. These chemical 
antimicrobial substances are capable of inhibiting bacterial adhesion, 
colonization and metabolic activity by reducing the bacterial growth 
[4].

The varnishes adhere to the tooth surface for longer period and 
prevent its immediate loss, thus acting as slow-releasing reservoirs 
[5]. It was stated that though fluoride is one of the most successful 
agents in caries prevention, it has only limited antimicrobial effect 
and the other drawback is that it is not advisable in patients with 
fluorosis and patients with kidney disorders [6].

Chlorhexidine is a broad spectrum anti-microbial agent that has 
marked caries inhibiting effect. Unfortunately some side effects of 
chlorhexidine that limit its wide spread use among patients include 
brown staining on teeth, bitter taste, dulling of taste sensation and 
epithelial desquamation [7].

The new concept of minimal intervention dentistry was introduced 
which strives on prevention of the disease by arresting the caries 
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[Table/Fig-1]: Shows the three different varnishes used in the study.

[Table/Fig-5]: Shows microbial growth and colonization of S. mutans at various 
time intervals.

progression [8]. A novel dental caries preventive material Casein 
Phosphopeptide- Amorphous Calcium Phosphate (CPP-ACP) is a 
milk product which helps in remineralization and prevents dental 
caries by forming a calcium phosphate reservoir, buffering the 
activities of free calcium and phosphate ions, consequently help in 
maintaining a state of supersaturation that inhibits demineralization 
and enhances remineralization. Recently, MI varnish was introduced 
which has the properties of fluoride along with remineralizing 
properties of CPP-ACP.

However, use of these agents and their effect on S. mutans needs 
to be further evaluated. Thus, a study was designed to compare 
the fluoride varnish, chlorhexidine varnish and fluoride varnish with 
CPP-ACP on salivary Streptococcus mutans level in children with 
mixed dentition.

MATERIALS AND METHODS
An in vivo study was designed, analysed and interpreted according 
to the Consolidated Standards of Reporting Trials (CONSORT). 
Ethical clearance was obtained from the Institutional Review Board 
prior to the study which was according to the Declaration of Helsinki 
for biomedical research involving human subjects. Voluntary written 
informed consent was obtained from parents and assent from 
all the children. All patients between 6-12 years of age, visiting 
the Department of Paedodontics and Preventive Dentistry, KLE 
University’s KLE VK Institute of Dental Sciences, Belagavi, Karnataka, 
India, were screened for inclusion and exclusion criteria. 

The inclusion criteria includes Decayed-Missing-Filled Teeth/
decayed extracted filled teeth score (DMFT/deft) should be 3-5; 
children residing in Belagavi city and consuming water from same 
municipal source; written informed consent obtained from the 
parents/guardians.

The exclusion criteria includes the patient who are suffering from any 
systemic illness; children with special health care needs; children 
who were on antimicrobial therapy in past three months; children 
with any intraoral device/developmental defect.

Sample size: Sample size was calculated by Cohen’s method, 
with type I error of 0.05 and power of 80%, the sample size to 
compare mean of three groups with (eta)2 of 0.15 the sample size 
estimated was 60  i.e., 20 patients per group [9]. Considering 20% 
drop out in each group, the sample size in each group was 24. 
The children were allocated into three groups randomly by lottery 
method. 

[Table/Fig-2]: Shows the study design followed in the trial.

[Table/Fig-3]: Shows the collection of saliva by suction method. [Table/Fig-4]: 
Shows the application of varnish using paint on brush technique.

[Table/Fig-6]: Showing stereomicroscopic photograph of microbial growth and 
colonization of S. mutans at various time intervals with respect to fluoride varnish 
group.
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the study groups were as follows: 

group i: Fluoride varnish applied on 24 subjects (Bifluorid 12, 
VOCO GmbH, Germany) {Sodium fluoride and calcium fluoride in 
6% w/w}

group ii: Chlorhexidine varnish applied on 24 subjects (Cervitec 
plus, Ivoclar Vivadent, Liechenstein) {Chlorhexidine diacetate 10% 
w/w and thymol 10% w/w}

group iii: Fluoride varnish with CPP-ACP applied on 24 subjects.  
(MI, GC Corporation, Japan) {Sodium fluoride 5% w/w and CPP-
ACP 2% w/w} [Table/Fig-1].

Random allocation was done by an investigator who was neither 
involved in varnish application nor measurement of outcomes, to 
achieve allocation concealment.

A detailed case history was recorded and the necessary treatment 
was provided. Oral hygiene instructions, diet counselling and a 
fluoridated toothpaste were given during the study period. A wash 

out period of 10 days was kept and the study initiated on 11th day 
[10] [Table/Fig-2].

Saliva Collection
The subjects were asked to refrain from eating or drinking two hours 
prior to collection of saliva. The saliva was collected between 9 am to 
11 am [11]. Collection of sample was carried out by suction method 
using sterile disposable syringes [12] [Table/Fig-3]. Standardized 
oral hygiene practices were explained to the patient and reinforced 
at every visit. Salivary sample was collected and processed for 
microbiological evaluation of Streptococcus mutans count on four 
occasions: baseline (before the intervention), 1 month, 3 months 
and 6 months.

Varnish Application Procedure
After baseline, saliva samples were obtained from each subject, 
varnish application was carried out for each subject in the respective 
groups with the applicator tips using paint on brush technique 
[Table/Fig-4]. Teeth were dried by the three way syringe and isolated 
using cotton rolls and saliva ejector. Approximately 0.1 ml of varnish 
was applied to all the teeth of subjects in the respective group and 
allowed to dry for 30 seconds. Subjects were instructed not to rinse 
their mouth, not to eat/drink for three hours and not to brush till the 
next morning. The procedure was repeated once in every week for 
four consecutive weeks [13]. 

Microbiological Procedure
A total of 1ml of unstimulated saliva was collected and put into test 
tube containing 1ml Reduced Transport Fluid (RTF) and sent for 
further microbiological procedure and processed within 30 minutes. 
The saliva samples were diluted in 0.05 M phosphate buffer to the 
dilution of 1/10 and agitated for 30 seconds on vortex mixer. Almost, 
100 µl of the dilution was inoculated each on the Mitis Salivarius 
Agar with potassium tellurite medium and bacitracin and incubated 
at 37°C in 5%-10% CO2 jar for 48 hours. After 48 hours, the S. 
mutans colony was identified using sorbitol fermentation test and 
Gram staining under light microscope following which the number 
of colony forming units was determined using stereomicroscope, 
Labomed SZ 790, (Labomed, Inc. Los Angeles, CA) [Table/Fig-
5-8].

[Table/Fig-7]: Showing stereomicroscopic photograph of microbial growth and 
colonization of S. mutans at various time intervals with respect to chlorhexidine 
varnish group.

[Table/Fig-8]: Showing stereomicroscopic photograph of microbial growth and 
colonization of S. mutans at various time intervals with respect to fluoride with CPP-
ACP varnish group.

[Table/Fig-9]: Comparison of mean age and mean DMFT/ deft values of different 
groups.

[Table/Fig-10]: Comparison of three groups with respect to salivary S. mutans 
count at baseline, 1 month, 3 month and 6 month by one-way ANOVA.
*denotes statistically significant (p<0.05)

variable group i (24) group ii (24) group iii (24) p-value

Age 8.33 + 0.91 8.62 + 1.63 8.75 + 0.26 0.564

DMFT/ deft 4.45 + 1.06 4.125 + 0.79 4.02 + 0.75 0.116

time points
Sum-
mary

group i
group 

ii
group 

iii
F-value p-value

Baseline
 
 

Mean 104.25 89.71 100.25
2.3558
 
 

0.1024
 
 

SD 29.01 14.84 25.75

SE 5.92 3.03 5.26

1 month
 
 

Mean 4.00 2.58 4.42
3.9454
 
 

0.0239*
 
 

SD 2.50 2.32 2.28

SE 0.51 0.47 0.47

3 month
 
 

Mean 23.00 5.83 13.83
38.2965
 
 

<0.001*
 
 

SD 9.67 3.38 5.81

SE 1.97 0.69 1.19

6 month
 
 

Mean 37.00 10.67 23.33
61.1288
 
 

<0.001*
 
 

SD 10.45 4.89 8.44

SE 2.13 1.00 1.72
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Follow up
The patients were recalled for follow up and collection of saliva was 
carried out at 1 month, 3 months and 6 months. The dental caries 
was re-evaluated at the end of 6 months for the new caries lesion 
development using WHO-Initial Lesion (WHO-IL) Index [14].

STATISTICAL ANALySIS
All data were subjected to statistical test using SPSS software 
20.0 (SPSS Inc., Chicago, IL, USA). One-way ANOVA test for 
comparison of Streptococcus mutans colony count at baseline. 
Repeated measures of ANOVA for comparison of Streptococcus 
mutans colony count at various time intervals. Bonferroni multiple 
comparison test for inter group comparison of Streptococcus 
mutans colony count. Intra group comparison at various time points 
was made by using paired t-test.

RESULTS
There was no statistically significant difference between the groups 
with respect to age and DMFT/ deft scores [Table/Fig-9]. One-way 
ANOVA revealed no statistically significant difference at baseline for 

all the three groups but at 1 month, 3 month and 6 month time 
interval there was a significant reduction seen with all the three 
groups in respect to S. mutans CFU/mL of saliva [Table/Fig-10]. 
Repeated measures of ANOVA revealed a statistically significant 
difference among the three group namely Fluoride varnish Group 
(Group I), Chlorhexidine varnish group (Group II), MI varnish group 
(Group III), different time points (baseline, 1 months, 3 months, 6 
months) and their interactions with S. mutans count at 5% level of 
significance. Paired t-test was used for the intragroup comparison 
at different time intervals with respect to S. mutans CFU and it 
showed a statistically significant result at all the time intervals with 
maximum reduction in chlorhexidine varnish group at baseline to 1 
month and maximum increase in fluoride varnish group at 1 month 
to 6 month. [Table/Fig-11]. Bonferroni post hoc test was used for 
the pair wise comparison between the three groups with respect to 
S. mutans CFU/mL of saliva. A statistically significant result between 
all the three groups was found with the mean changes were higher 
between Group I with Group II (14.86) as compared to Group I with 
Group III (6.60) and Group II with Group III (-8.26) [Table/Fig-12]. 
Newman-Keuls multiple post-hoc test revealed that a statistically 
significant result was found between Group II and Group III at 1 

[Table/Fig-11]: Intragroup comparison at different time intervals by paired t-test.
* denotes statistically significant (p< 0.05)

groups time points Mean SD Mean Diff. SD Diff. % of change Paired t-test p-value

Group I
 
 
 
 (Fluoride 
 Varnish
 Group)
 
 
 
 

Baseline 104.25 29.01

1 month 4.00 2.50 100.25 28.67 96.16 17.1296 <0.001*

Baseline 104.25 29.01

3 month 23.00 9.67 81.25 28.94 77.94 13.7542 <0.001*

Baseline 104.25 29.01

6 month 37.00 10.45 67.25 29.70 64.51 11.0932 <0.001*

1 month 4.00 2.50

3 month 23.00 9.67 -19.00 9.31 -475.00 -10.0018 0.0005*

1 month 4.00 2.50

6 month 37.00 10.45 -33.00 11.03 -825.00 -14.6523 <0.001*

3 month 23.00 9.67

6 month 37.00 10.45 -14.00 10.55 -60.87 -6.5010 <0.001*

Group II
 
 
 
 (CHX  Varnish
 Group)
 
 
 
 
 

Baseline 89.71 14.84

1 month 2.58 2.32 87.13 14.42 97.12 29.5991 <0.001*

Baseline 89.71 14.84

3 month 5.83 3.38 83.88 14.36 93.50 28.6089 <0.001*

Baseline 89.71 14.84

6 month 10.67 4.89 79.04 15.41 88.11 25.1345 <0.001*

1 month 2.58 2.32

3 month 5.83 3.38 -3.25 3.95 -125.81 -4.0328 0.0005*

1 month 2.58 2.32

6 month 10.67 4.89 -8.08 4.88 -312.90 -8.1140 <0.001*

3 month 5.83 3.38

6 month 10.67 4.89 -4.83 3.38 -82.86 -6.9978 <0.001*

Group III
 
 
 
 (MI  Varnish
 Group)
 
 
 
 
 

Baseline 100.25 25.75

1 month 4.42 2.28 95.83 26.29 95.59 17.8588 <0.001*

Baseline 100.25 25.75

3 month 13.83 5.81 86.42 25.90 86.20 16.3440 <0.001*

Baseline 100.25 25.75

6 month 23.33 8.44 76.92 26.64 76.72 14.1460 <0.001*

1 month 4.42 2.28

3 month 13.83 5.81 -9.42 5.26 -213.21 -8.7739 <0.001*

1 month 4.42 2.28

6 month 23.33 8.44 -18.92 8.34 -428.30 -11.1116 <0.001*

3 month 13.83 5.81

6 month 23.33 8.44 -9.50 8.11 -68.67 -5.7363 <0.001*
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month time interval with respect to S. mutans colony count. At 3 
month significant results were seen between Group II with Group I, 
Group III with Group II and Group II with Group III. Similar findings 
were observed at 6 months interval. [Table/Fig-13,14].

DISCUSSION
The present study compared the effect of fluoride varnish, 
chlorhexidine varnish and fluoride varnish containing CPP-ACP with 
intensive application regimen on S. mutans levels in saliva using 
microbiological methods under randomized controlled clinical trial 
settings. 

Children between 6-12 years of age were included in the study 
because at this age they are highly susceptible to dental caries and 
undergoing multiple permanent tooth eruption. A second window 
of infectivity was seen between 6-12 years during the eruption 
of permanent dentition as suggested by Caufield PW et al., thus 
showing increased acquired SM and its correlation to an increase in 
dental hard-tissue surface when the permanent teeth start erupting 
[15]. Many researchers have found that the most frequent variable 
in caries risk assessment model is one that describes past caries 
experience. Thus in this trial, DMFT/deft 3-6 was considered as one 
of the inclusion criteria indicating child at moderate-to-high caries 
risk. This is in accordance with caries risk assessment tool given by 
American Academy of Paediatric Dentistry (AAPD) in 2011 [16].

Saliva a multi-constituent oral fluid regulates and maintains the 
integrity of the oral mucosa and therefore plays a very important 
role in maintaining the oral health. Saliva and plaque can be used for 
the estimation of S. mutans count. Due to the ease of sampling and 
processing, saliva was used in the study [17]. Unstimulated saliva 
was used as it has lower concentration of bicarbonate ions thus 
reducing the bias due to the buffering action of saliva. In our study, 

groups Mean Difference  Std. error p-value

Group I
(Fluoride Varnish 
Group)

Group II 14.865 2.3670 <s0.001*

Group III 6.604 1.5570 <0.001*

Group II
(CHX Varnish Group)

Group I -14.865 2.3670 <0.001*

Group III - 8.260 1.8550 <0.001*

Group III
(MI Varnish Group)

Group I -6.604 1.5570 <0.001*

Group II 8.260 1.8550 <0.001*

[Table/Fig-12]: Pair wise comparison of three groups with respect to salivary S. 
mutans count at different time intervals.
* denotes statistically significant (p<0.05)

[Table/Fig-14]: Comparison of three groups (I, II, III) with respect to Streptococcus 
mutans count X 105 CFU/ml of saliva at baseline, 1 month, 3 month and 6 month.

[Table/Fig-13]: Pair wise comparison of three groups with respect to salivary S. 
mutans count at different time intervals.
* denotes statistically significant (p<0.05)

time points groups group i group ii group iii

Baseline
 
 
 

Mean 104.25 89.71

100.25
p=0.8324

-

Group I - p=0.0972

Group II -

Group III - p=0.2866

1 month
 
 
 

Mean 4.00 2.58

4.42
p=0.8158

-

Group I - p=0.1037

Group II -

Group III p=0.0248*

3 month
 
 
 

Mean 23.00 5.83

13.83
p≤0.001*

-

Group I - p≤0.001*

Group II -

Group III p=0.0004*

6 month
 
 

Mean 37.00 10.67

23.33
p≤0.001*

-

Group I - p≤0.001*

Group II -

Group III p≤0.001*

suction method was used for collection of saliva from the floor of 
mouth using sterile disposable syringe to avoid any contamination 
and its ease of use. Salivary flow rate shows a circadian rhythm 
so for standardization salivary samples were taken between 9 am-
11 am in order to minimize the effect of circadian rhythm on the 
samples [11].

All the required restorative treatment was carried out before the 
application of varnishes for elimination of apparent retention sites 
(such as caries lesions and defective fillings) to reduce the level of 
Streptococcus mutans in plaque. A wash out period of 10 days was 
kept in our study to prevent any effect of restorative material on the 
result of the study [10].

Messer LB states, that the chlorhexidine varnish should be more 
frequently used in high risk children [18]. To accomplish a reservoir 
of chlorhexidine on the tooth surface, a single application of a highly 
concentrated varnish is sufficient even with reduced contact time. 
However, for varnishes with low concentration like Cervitec, repeated 
application and a longer retention time is required. Studies showed 
that fluoride varnish with four application in a month reduced and 
controlled the caries activity [19]. Thus, in our study an intensive 
regime was carried out which was in accordance to study done by 
Sandham HJ [13].

Fluoride varnish was first developed in 1960s and 1970s to prolong 
the contact time between fluoride and enamel. Fluoride exerts its 
cariostatic effect by its presence in the oral fluids bathing the dental 
hard tissues. The main action of fluoride is to retard demineralization 
and promote remineralization of enamel and dentin by the uptake 
of calcium and phosphates of saliva [20]. It also inhibits glucose 
transport, carbohydrate storage, and extracellular polysaccharide 
formation by interfering with enolase enzyme in microorganisms.

On the other hand, chlorhexidine has proved to be better 
antimicrobial agent against S. mutans. Chlorhexidine attaches to 
the glycoproteins by reversal electrostatic binding and thus gets 
retained on to the oral surfaces. In smaller concentrations, such 
as in Cervitec plus (1% Chlorhexidine) varnish, it has hydrophilic– 
hydrophobic properties and a bacteriostatic effect that interferes 
with membrane transport, allowing its light-weight molecules to 
infiltrate into the offending microorganism [21,22].

A novel material CPP-ACP is a product derived from milk, which 
strengthens and remineralizes the tooth structure and also has 
anticariogenic properties [23]. The CPP helps to stabilize Amorphous 
Calcium Phosphate (ACP) in the form of multiphosphoseryl 
sequences. CPP binds to ACP and thus prevents the dissolution 
of calcium and phosphate ions. The CPP-ACP helps in facilitating 
remineralization and maintaining it in supersaturated form by acting 
as a reservoir of bio-available calcium and phosphate [24]. CPP also 
has shown to decrease the count of S. mutans as it has got the 
ability to integrate in the salivary pellicle thus inhibiting its adherence 
[25]. The synergistic effect of CPP-ACP with fluoride present in MI 
varnish showed lower demineralisation and higher remineralization 
potential [26].
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In the study when intragroup analysis was carried out at different 
time intervals it was found out that, in all the three groups, there were 
significant differences in S. mutans CFU values between the different 
time intervals with highest reduction observed in chlorhexidine 
group at baseline to 1 month [Table/Fig-11]. The results were in 
accordance to the study done by Twetman S and Peterson LG 
where drastic reduction of S. mutans CFU in saliva was seen at 1 
month time interval  followed by slight reduction at 3 months interval 
[27]. Similar results were seen in a clinical study by Sandham HJ, 
Paul S [28,29]. This short term effect is due to release of the active 
agent into the milieu within a relatively short period of time. The initial 
effect is due to the phenomenon called ‘burst effect’.

When intergroup comparison of S. mutans colony count at different 
time interval were seen it was observed that at baseline there were 
no statistically significant result between the three groups. At 1 
month interval a statistically significant result was observed between 
the chlorhexidine varnish group and MI varnish but no significant 
result between the other groups stating the higher antimicrobial 
efficacy of chlorhexidine varnish in comparison to MI varnish. 

At 3 and 6 month interval, significant result were seen between 
the three groups with chlorhexidine varnish showing the highest 
efficacy followed by MI varnish and least effective being the fluoride  
varnish group, this might be due to the property of substantivity 
showed by chlorhexidine group [Table/Fig-12,13]. Similar result was 
seen by Ekenbach SB et al., comparing the effect of chlorhexidine 
and fluoride varnishes on exposed sound root surfaces that found 
treatment with Cervitec varnish effective until 6 months as compared 
to fluoride varnish [30]. Similar findings were seen in a clinical study 
by Sandham HJ and Joharji RM [28,31].

Varnish containing fluoride with CPP-ACP was found to be effective 
in comparison to fluoride varnish group this could be due to the 
additive anticariogenic effect of CPP-ACP and fluoride attributable 
to localization of ACPF at the tooth surface by the CPP which in 
effect would co-localize calcium, phosphate and fluoride thus 
forming a reservoir and for slow and prolong release of ions for a 
longer period of time as seen in our study. Duraisamy V et al., stated 
that fluoride varnish with CPP-ACP was superior to fluoride or CPP-
ACP applied alone [26]. This is in accordance with our study where 
similar results were found proving the synergistic effect of fluoride 
varnish with CPP-ACP. 

At the end of 6 months, we found no new carious lesion in all the 
three study groups as per WHO-IL index proving that all the three 
varnishes were effective in caries prevention [14].

The limitations of our study are smaller sample size and short follow 
up period. A larger geographical area should be covered in order to 
substantiate the results of the present study.

CONCLUSION
All the three varnishes namely fluoride varnish, chlorhexidine varnish 
and MI varnish showed an antibacterial effectiveness against 
salivary S. mutans at all time intervals. Among the three varnishes, 
chlorhexidine varnish showed maximum reduction in salivary S. 
mutans as compared to MI varnish and fluoride varnish at 1 month, 
3 months and 6 months intervals respectively.
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ABSTRACT
Aim: This study aims to determine and compare 
the extent of inhibition of demineralization and 
promotion of remineralization of permanent molar 
enamel with and without application of three 
remineralizing agents. Materials and Methods:  Forty 
extracted permanent molars were randomly divided 
into two groups  1 and 2, longitudinally sectioned 
into four and divided into subgroups A, B, C, and D. 
The sections were coated with nail varnish leaving 
a window of 3 mm × 3 mm. All sections of Group 1 
were treated with their respective subgroup‑specific 
agent: Casein phosphopeptide‑amorphous 
calcium phosphate (CPP‑ACP) paste for 
subgroup  A, CPP‑amorphous calcium phosphate 
fluoride  (ACPF) paste for subgroup  B, CPP‑ACPF 
varnish for subgroup  C and subgroup  D served 
as a control. The sections were then subjected 
to demineralization for 12  days following 
which lesional depth was measured under the 
stereomicroscope. All the sections of Group 2 were 
subjected to demineralization for 12 days, examined 
for lesional depth, then treated with their respective 
subgroup specific agents and immersed in artificial 
saliva for 7 days. The sections were then examined 
again under the stereomicroscope to measure the 
lesional depth. Results: CPP‑ACPF varnish caused 
significant inhibition of demineralization. All 
three agents showed significant remineralization 
of previously demineralized lesions. However, 
CPP‑ACPF varnish showed the greatest 
remineralization, followed by CPP‑ACPF paste 

An in vitro comparison of casein 
phosphopeptide‑amorphous calcium phosphate 

paste, casein phosphopeptide‑amorphous 
calcium phosphate paste with fluoride and casein 
phosphopeptide‑amorphous calcium phosphate 

varnish on the inhibition of demineralization and 
promotion of remineralization of enamel
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Introduction
Dental caries is a highly prevalent disease, and 
although in most developed countries, its prevalence 
has declined, the disease remains a major public health 
problem. Signs of caries process cover a continuum 
from the first molecular changes in the apatite crystals 
of the tooth to a visible white spot lesion, through 
dentin involvement and eventual cavitation.[1]

Dental caries is initiated throgh demineralization 
of tooth hard tissue by organic acids produced from 
fermentable carbohydrates by cariogenic bacteria of 
the dental plaque. The presence of sufficient calcium 
and phosphate ions available in the immediate 
environment enables the rebuilding of partly dissolved 
apatite crystals which is called as remineralization. To 
restore the natural equilibrium, either remineralization 
must be enhanced, or demineralization must be 
retarded.

Fluoride is the most commonly used remineralizing 
agent. As the pH rises, new and larger crystals that 
contain more fluoride  (fluorapatite) form, thereby 
reducing the enamel demineralization and enhancing 
remineralization.

To avoid the potential for adverse effects due to 
overexposure, high fluoride strategies cannot be 
followed. Also, for every two fluoride ions, ten calcium 
and six phosphate ions are required to form one unit 
cell of fluorapatite.(Ca10[PO4]6F2). Hence, on topical 
application of fluoride ions, the availability of calcium 
and phosphate ions can be a limiting factor for net 
enamel remineralization to occur.[2]

Casein phosphopeptide  (CPP) can stabilize calcium 
phosphate in nanocomplexes in solutions such 
as amorphous calcium phosphate  (ACP).[3]  This 
CPP‑ACP acts as reservoir of bio‑available calcium 
and phosphate and maintains supersaturation of the 
solution thus facilitating remineralization.[4]

CPP‑ACP is not only available as a paste for home 
use but also in the form of varnish in combination 
with fluoride  (MI Varnish). This form becomes 
important for pediatric dentists particularly when the 

patient’s level of cooperation is not ideal. Although 
CPP‑ACP has been already shown to prevent enamel 
demineralization and to promote remineralization 
of subsurface enamel lesions in animal and human 
in  situ caries models,[5‑7] there is no published report 
to document whether there is any difference in the 
remineralizing potential of CPP‑ACP in paste and 
varnish form.

Thus, the aim of this study was to determine and 
compare the extent of inhibition of demineralization 
and promotion of remineralization of sound permanent 
molar enamel with and without application of 
CPP‑ACP paste, CPP‑ACP paste with 900 ppm fluoride 
(CPP‑amorphous calcium phosphate fluoride [ACPF] 
paste) and 5% sodium fluoride varnish containing 
CPP‑ACP (CPP‑ACPF varnish).

Materials and Methods
An in  vitro study was designed and conducted in 
the Department of Pedodontics and Preventive 
Dentistry with assistance from the Department of Oral 
Pathology. Ethical clearance for the study was obtained 
from the Institutional Review Board for the use of 
human extracted teeth. Freshly extracted permanent 
molars obtained from the Department of Oral and 
Maxillofacial Surgery were cleansed for debris and 
stored in 10% formalin until used for the study.

By Cohen’s method, with type  I error of 0.05 and 
power of 80%, to compare mean of four groups with 
eta[2] (eta square) of 0.15 the sample size estimated was: 
40 extracted permanent molars.

Noncarious extracted permanent molars were 
included for the study. Attrided, abraded, hypoplastic, 
fractured, malformed, restored, endodontically treated 
teeth, and teeth extracted from patients with systemic 
diseases which could cause variation in salivary flow, 
tooth formation, and maturation were excluded from 
the study.

Methodology
Forty teeth selected according to the inclusion criteria 
and were equally divided randomly into two groups:

Group 1:  To determine the inhibition of 
demineralization of enamel

Group 2:  To determine the promotion of 
remineralization of enamel.

Each tooth from both groups was longitudinally 
sectioned, buccolingually, and mesiodistally into four 
sections using a diamond disc. The sections obtained 
were labelled and divided into subgroups A, B, C, and 
D, respectively. Thus, a total of 160 sections of teeth, 
i.e., 80  sections per group were made. Each of the 
Groups 1 and 2 had 20 sections each of A, B, C, and D.

and then CPP‑ACP paste. Conclusion: This study 
shows that CPP‑ACPF varnish is effective in 
preventing demineralization as well as promoting 
remineralization of enamel. Thus, it can be used 
as an effective preventive measure for pediatric 
patients where compliance with the use of tooth 
mousse may be questionable.

KEYWORDS: Casein phosphopeptide, 
demineralization, fluoride, remineralization
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An acid resistant nail varnish was applied on 
the tooth leaving a window of 3  mm  ×  3  mm on 
the middle third of the enamel at the edge of the 
section.  [Figure  1] The sections were stored in 10% 
formalin until further use.

The samples from Groups 1 and 2 were equally divided 
into subgroups depending on the remineralizing agent 
used:
Subgroup A:  CPP‑ACP paste‑GC Tooth Mousse (GC 

Corporation Tokyo, Japan)
Subgroup B:  CPP‑ACP paste with 900  ppm 

fluoride‑GC Tooth Mousse plus  (GC 
Corporation Tokyo, Japan)

Subgroup C:  5% Sodium fluoride varnish with 
CPP‑ACP‑GC MI varnish  (GC 
Corporation Tokyo, Japan)

Subgroup D:  No agent was used. These sections 
served as control.

 (i)  To determine and compare the extent of 
inhibition of demineralization after application 
of a re‑mineralizing agent:

   Sections obtained from each tooth of Group 1 
were subjected to the following surface 
treatments:

  •  Subgroups A and B: A layer of CPP‑ACP 
paste and CPP‑ACPF paste were applied 
respectively on Sections A and B and left 
undisturbed for 4 min

  •  Subgroup  C: A  thin layer of CPP‑ACPF 
varnish was applied; allowed being 
absorbed for 20 s and then air dried

  •  Subgroup  D: served as the control group 
where no surface treatment was performed

  •  All specimens from Group  1 were 
immersed in the demineralizing solution 
for 12  days. [Figure  2] The composition 
of the demineralizing solution prepared 
was 2.2 mM CaCl2.2H2O, 2.2 mM KH2PO4, 
0.05 M acetic acid, and 10 M KOH. The pH 
was adjusted to 4.4.[3]

   The acid resistant nail varnish was removed 
using acetone. The lesional depth was 
measured under stereomicroscope.

 (ii)  To determine and compare the extent of 
promotion of remineralization following 
demineralization.

All specimens of Group  2 were immersed in 
demineralizing solution for 12  days, after which the 
depth of demineralization was measured under the 
stereomicroscope [Figure 3].

The samples were further subjected to the surface 
treatments as specified for Group  1. Finally, all 
specimens of Group  2 were immersed in artificial 
saliva with pH  7.2 for 7  days. The composition of 
artificial saliva prepared was 3.9 mM Na3PO4, 4.29 
mM NaCl, 17.98 mM KCl, 1.1 mM CaCl2  0.08 mM 
MgCl2, 0.5 mM H2SO4, 3.27 mM NaHCO3, and distilled 

water.[8] This artificial saliva solution was replaced 
each day.

After 7  days, each section was observed under the 
stereomicroscope to determine the depth of the lesion 
after remineralization [Figure 4]. The difference between 
the two depths gave the extent of remineralization.

The sections were observed under the stereomicroscope 
and the lesional depth measured as unit values 
which were then converted to micrometer. All the 

Figure 1: Windows prepared on each section

Figure 2: Samples immersed in demineralizing solution

Figure 3: Demineralized section viewed under the stereomicroscope. 
Lesion depth measured from Point A to Point
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observations were made by a single observer who was 
blinded to the study groups.

Results
All the data were tabulated and subjected to statistical 
analysis using IBM Statistical Package for Social 
Sciences software version 20.0 (Chicago, IL, USA.).

Comparison of four subgroups (A, B, C, D) was 
done by one‑way analysis of variance (ANOVA) and 
pairwise comparisons of four subgroups (A, B, C, D) 
by Tukeys multiple post hoc procedures with respect 
to inhibition of depth of demineralization scores 
and percentage of change in‑depth scores following 
remineralization.

Table 1 and Graph 1 explain the mean lesional depth, 
standard deviation and standard error for the samples 
from Group 1.

The difference in the mean lesional depth of sections 
from subgroup  C and subgroup  D of Group  1 was 
found to be statistically significant (P < 0.05) as shown 
by one way ANOVA and Tukeys multiple post hoc 
procedures respectively for comparison of the four 
subgroups from Group 1 [Table 2].

Table 3 and Graph 2 explain the mean lesional depth, 
standard deviation, and standard error for the samples 
from Group 2.

Samples from subgroups A, B, and C showed significant 
remineralization when compared to control group 
(P < 0.05) as shown by one‑way ANOVA and Tukeys 

multiple post hoc procedures, respectively for comparison 
of the four subgroups from Group 2 [Table 4].

Discussion
The conventional treatment concept for all 
caries‑attacked teeth included the removal of the 
affected tissues and the replacement with a restorative 
material. However, now a contemporary approach has 
been adopted which is the noninvasive intervention 
of the carious lesions which can be arrested if the 
cariogenic challenges of the microenvironment 
are sufficiently controlled or/and if therapeutic agents 
are applied for tissue healing.[9]

Figure 4: Remineralized section viewed under the stereomicroscope
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Graph 1: Comparison of four subgroups (A, B, C, D) from Group 1with 
respect to inhibition of depth of demineralization
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Graph 2: Comparison of four subgroups (A, B, C, D) from Group 2 
with respect to percentage change in depth scores

Table 1: Descriptive statistics for sections from 
Group 1
Group 1 Minimum Maximum Mean (μm) SD SE
Subgroup A 0.00 1000 262.50 277.14 61.97
Subgroup B 0.00 1000 215.00 259.10 57.94
Subgroup C 0.00 550 130.00 149.03 33.32
Subgroup D 100 1100 397.50 294.46 65.84
SE=Standard error; SD=Standard deviation

Table 2: Pair wise comparisons of four subgroups 
(A, B, C, D) from Group 1 with respect to 
inhibition of depth of demineralization scores by 
Tukey’s multiple post hoc procedures
Group I Groups Mean difference SE P
Subgroup A Subgroup B 47.50 79.51 0.9330

Subgroup C 132.50 79.51 0.3480
Subgroup D −135.00 79.51 0.3320

Subgroup B Subgroup C 85.00 79.51 0.7090
Subgroup D −182.50 79.51 0.1080

Sub‑group C Sub‑group D −267.50 79.51 0.0060*
*P<0.05 indicates statistically significant. SE=Standard error
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Fluoride is the most commonly used remineralizing 
agent. Featherstone has proved the efficacy of 
fluoride to increase the resistance of tooth mineral to 
demineralization by plaque acids as well as to promote 
remineralization of incipient lesions.[10]

Fluoride in the solution surrounding the apatite 
crystals of enamel is much more effective at inhibiting 
demineralization than fluoride that is incorporated 
into the crystals through fluoridated drinking water.[11] 
Primary caries preventive actions of fluoride are thus 
posteruptive through topical effects that can interfere 
with the dynamic equilibrium at the interface between 
mineral surface and oral fluid.

A study by Reynolds et al.[12] showed that although the 
fluoride uptake from a 1100 ppm fluoride containing 
dentifrice was considerable, not all the fluoride ions 
which diffused into the sub‑surface were incorporated 
into the mineral phase. However, when used along 
with 2% CPP‑ACP dentifrice, there was a significantly 
greater remineralization taking place suggesting that 
remineralization with fluoride dentifrice alone was 
calcium and phosphate limited.

Casein phosphopeptides are derived from milk protein 
casein that is complexed with calcium and phosphate, 
providing a reservoir of bioavailable calcium and 
phosphate in the saliva and on the surface of the tooth.[2]

The compound CPP‑ACP has recently become 
available in varnish form in combination with fluoride. 

The varnish form is considered important over other 
topical forms as it is quick and easy to apply, less 
likely than gels to be swallowed by young children, 
useful alternative for caries control in special needs 
patients such as those with developmental disabilities, 
adheres to tooth surface for longer periods and can 
be an effective mode of prevention in patients where 
compliance is questionable.[13]

Experimental model based on the formation of lesions 
in  vitro systems enable the researchers to selectively 
examine fundamental processes associated with 
mineral loss from the teeth and thus can be used 
to understand effects of various agents on carious 
processes.[14]

In vitro models face criticism as in the oral cavity, the 
pH alternates frequently, and the levels depend on 
the individual’s dietary and oral hygiene habits and 
therefore it is difficult to exactly simulate the oral 
conditions that prevail in the mouth. Nevertheless, 
the in vitro model was chosen for this study because 
there is greater control over these variables which 
are extremely difficult to control in the mouth and 
artificial lesions are more homogenously reproducible 
than natural lesions.[15]

In the present study, permanent extracted molars 
were selected to enable obtaining four sections from 
each tooth with appropriate coding and systematic 
allocation to serve following purposes:[8]

• One section from each tooth was allotted to each 
study group

• During the measurement of lesion depth, the 
coding system helped to achieve blinding of the 
investigator

• All the study groups received an equal number 
of mesiobuccal, distobuccal mesiolingual and 
distolingual tooth quarters.

A window was created to limit the area of paste/varnish 
application and to produce lesions only in the window 
area. This would help in lesion depth measurement 
compared to unaffected area covered by nail varnish.[16]

The artificial saliva composition used in this study[8] 
was a nonfluoride containing one, as the addition of 
fluoride could have interfered with the hypothesis 
being tested.

In group  I, wherein inhibition of demineralization 
was determined, sections from subgroups A, B, and C 
showed a lesser mean lesion depth compared to the 
control group. The casein phosphopeptides (CPP) 
stabilizes amorphous calcium phosphate (ACP) by 
forming multiphosphoseryl sequences. CPP binds 
to ACP and prevents the dissolution of calcium 
and phosphate ions. The CPP‑ACP maintains the 
solution supersaturated and acts as reservoir of bio‑
available calcium and phosphate, thus aiding in 

Table 3: Descriptive statistics for sections from 
Group 2
Group 2 Percentage remineralization SD SE

Minimum Maximum Mean
Subgroup A 0.00 100 66.76 39.52 8.84
Subgroup B 0.00 100 73.75 38.70 8.65
Subgroup C 9.10 100 77.95 32.21 7.20
Subgroup D 0.00 100 30.55 42.18 9.43
SE=Standard error; SD=Standard deviation

Table 4: Pair wise comparisons of four subgroups 
(A, B, C, D) from Group 2 with respect to 
percentage of change in depth scores by Tukey’s 
multiple post hoc procedures
Sub‑groups Mean difference SE P
Subgroup A

Subgroup B −7.00 12.12 0.9390
Subgroup C −11.20 12.12 0.7920
Subgroup D 36.21 12.12 0.0190*

Subgroup B
Subgroup C −4.20 12.12 0.9860
Subgroup D 43.21 12.12 0.0030*

Subgroup C
Subgroup D 47.41 12.12 0.0010*

*P<0.05 indicates statistically significant. SE=Standard error
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remineralization[2]. This is observed, as CPP‑ACP 
would compete with calcium for plaque calcium 
binding sites. This is likely to restrict mineral loss 
during the cariogenic episode and maintain a state 
of supersaturation of the calcium and phosphate ions 
in close approximation with the tooth thus inhibiting 
demineralization and assisting in subsequent 
remineralization.[2]

In the present study, only CPP‑ACPF varnish showed 
significant inhibition of demineralization when 
compared to the control group. This was similar to 
the results obtained by many other studies wherein 
varnishes have proved to be more effective than other 
forms of topical fluoride treatment.[17,18] It could be 
attributed to the fact that the rosin base in fluoride 
varnishes allow them to stick to tooth surfaces and stay 
for up to 24 h whereby fluoride is gradually released 
from the varnish and is taken up by the tooth enamel 
and dentin. The strongly bound fluoride, incorporated 
onto the surface of the crystals of apatite, can reduce 
the solubility of the tooth mineral and hence inhibit 
demineralization due to acids generated by plaque 
bacteria.[19]

However, CPP‑ACP paste and CPP‑ACPF paste did 
not show a significant inhibition of demineralization. 
These results were in accordance with another in vitro 
study.[20] Contrasting results were reported by Roberts[21] 
when volunteers used a dentifrice containing 5% CPP 
and wore an in  situ appliance with sound enamel. 
This could be attributed to the in  situ design of the 
aforementioned study where the presence of plaque, 
bacteria and saliva could have significantly influenced 
the process. The literature points that CPP can bind 
to oral bacteria like Streptococcus mutans as reported 
by Rose[22] which could possibly be the reason why 
CPP‑ACP group did not show significant resistance to 
lesion depth formation in vitro.

It is well established that CPP‑ACP increases fluoride 
incorporation in subsurface enamel and substantially 
increases remineralization of subsurface lesions 
than with fluoride alone.[12] In Group  II, the mean 
remineralization seen with CPP‑ACP paste, CPP‑ACPF 
paste and CPP‑ACPF varnish was significantly greater 
when compared to the control group. The greater 
amount of remineralization in subgroups  B and C 
may be attributed to the added benefit of fluoride as 
localization of Amorphous calcium phosphate fluoride 
at the tooth surface by the CPP which in effect would 
co‑localize calcium, phosphate and fluoride thus 
forming a reservoir and for slow and prolong release 
of ions thus enhancing remineralization. However, 
the inter‑subgroup comparison did not show a 
significant difference which was similar to the results 
obtained by Jayarajan et al.[23] Conflicting results have 
been found in some other studies[24,25] which showed 
that CPP‑ACP in combination with fluoride has 
increased remineralization potential when compared 

to CPP‑ACP paste alone. This variation in results 
could be attributed to the higher standard deviation 
seen in subgroups  A and B. This can probably be 
eliminated by including a larger sample size or 
limiting the age‑group from which the extracted teeth 
were obtained to ensure similar susceptibility of all the 
sections to demineralization and remineralization thus 
reducing the wide range of values.

It was observed in the present study that 
remineralization had taken place throughout the body 
of the lesion in about 50% of the sections. Similar 
findings were shown by Reynolds et  al.[12] wherein a 
more homogenous remineralization throughout the 
body of the lesion when 2%CPP‑ACP was used along 
with fluoride dentifrice. This may be due to the fact that 
when fluoride ions come in contact with free calcium 
and phosphate ions, fluorapatite would rapidly form 
in the surface layer. However, in the presence of CPP, 
which prevents rapid transformation into calcium 
phosphate phases, the ions would be stabilized and 
maintained in a form that would drive diffusion down 
activity gradients into the subsurface lesion. CPP can 
localize, stabilize and deliver the ions at the tooth 
surface in the correct molar ratio [Ca: PO4:F = 5:3:1].[26]

Conclusion
This study shows that:
• The varnish form of casein phosphopeptide 

amorphous calcium phosphate with fluoride 
(CPP‑ACPF varnish) caused significant inhibition 
of demineralization of permanent molar enamel

• CPP‑ACP paste, CPP‑ACPF paste, and CPP‑ACPF 
varnish are effective in remineralizing previously 
demineralised enamel. However, CPP‑ACPF 
varnish showed greatest remineralization, 
followed by CPP‑ACPF paste and then CPP‑ACP 
paste.

Thus, we conclude that CPP‑ACPF varnish is effective 
in preventing demineralization as well as promoting 
remineralization of enamel. It can be used as an 
effective preventive measure for pediatric patients 
where compliance with the use of tooth mousse may 
be questionable.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1. Cochrane NJ, Cai F, Huq NL, Burrow MF, Reynolds EC. New 

approaches to enhanced remineralization of tooth enamel. 
J Dent Res 2010;89:1187-97.

2. Reynolds EC. Casein phosphopeptide-amorphous calcium 

[Downloaded free from http://www.jisppd.com on Friday, September 15, 2017, IP: 223.227.30.204]



Thakkar, et al.: CPP‑ACP paste and varnish on demineralization and remineralization

Journal of Indian Society of Pedodontics and Preventive Dentistry | Volume 35 | Issue 4 | October-December 2017 |318

phosphate:	 The	 scientific	 evidence.	 Adv	 Dent	 Res	
2009;21:25-9.

3. Pulido MT, Wefel JS, Hernandez MM, Denehy GE, 
Guzman-Armstrong S, Chalmers JM, et al. The inhibitory 
effect	of	MI	paste,	fluoride	and	a	combination	of	both	on	the	
progression	 of	 artificial	 caries‑like	 lesions	 in	 enamel.	 Oper	
Dent 2008;33:550-5.

4. Reynolds EC. Additional aids to remineralization of the tooth 
structure. In: Mount GJ, Hume WR, editors. Preservation and 
Restoration of Tooth Structure. 2nd ed. Brisbane, Australia: 
Knowledge Books and Software; 2005. p. 111-8.

5. Reynolds EC, Cai F, Shen P, Walker GD. Retention in plaque 
and remineralization of enamel lesions by various forms of 
calcium in a mouthrinse or sugar-free chewing gum. J Dent 
Res 2003;82:206-11.

6. Reynolds EC, Cain CJ, Webber FL, Black CL, Riley PF, 
Johnson IH, et al. Anticariogenicity of calcium phosphate 
complexes of tryptic casein phosphopeptides in the rat. J Dent 
Res 1995;74:1272-9.

7. Reynolds EC, Black CL, Cai F, Cross KJ, Eakins D, 
Huq NL, et al. Advances in enamel remineralisation: Casein 
phosphopeptide-amorphous calcium phosphate. J Clin Dent 
1999;10:86-8.

8. Lata S, Varghese NO, Varughese JM. Remineralization 
potential	of	fluoride	and	amorphous	calcium	phosphate‑casein	
phospho peptide on enamel lesions: An in vitro comparative 
evaluation. J Conserv Dent 2010;13:42-6.

9.	 Marsh	PD.	The	oral	microflora	and	biofilm	on	 the	 teeth.	 In:	
Fejerskov O, Kidd E, editors. Dental Caries: The Disease 
and its Clinical Management. Oxford (UK): Blackwell and 
Munksgaard; 2003. p. 29-47.

10. Featherstone JD. Prevention and reversal of dental caries: 
Role	of	low	level	fluoride.	Community	Dent	Oral	Epidemiol	
1999;27:31-40.

11. ten Cate JM, Featherstone JD. Mechanistic aspects of the 
interactions	between	fluoride	and	dental	enamel.	Crit	Rev	Oral	
Biol Med 1991;2:283-96.

12. Reynolds EC, Cai F, Cochrane NJ, Shen P, 
Walker GD, Morgan MV, et al. Fluoride and casein 
phosphopeptide-amorphous calcium phosphate. J Dent Res 
2008;87:344-8.

13. Munshi AK, Reddy NN, Shetty V. A comparative evaluation of 
three	fluoride	varnishes:	An	in‑vitro study. J Indian Soc Pedod 
Prev Dent 2001;19:92-102.

14. White DJ. The application of in vitro models to research on 
demineralization and remineralization of the teeth. Adv Dent 

Res 1995;9:175-93.
15. White DJ, Faller RV, Bowman WD. Demineralization and 

remineralization evaluation techniques – added considerations. 
J Dent Res 1992;71:929-33.

16. Thaveesangpanich P, Itthagarun A, King NM, Wefel JS. The 
effects of child formula toothpastes on enamel caries using 
two in vitro pH-cycling models. Int Dent J 2005;55:217-23.

17. Pithon MM, Dos Santos MJ, Andrade CS, Leão Filho JC, 
Braz AK, de Araujo RE, et al. Effectiveness of varnish with 
CPP-ACP in prevention of caries lesions around orthodontic 
brackets: An OCT evaluation. Eur J Orthod 2015;37:177-82.

18. Duraiswamy B, Xavier A, Nayak UA, Reddy V, Rao AP. An 
in vitro evaluation of the demineralization inhibitory effect 
of F- varnish and casein phosphopeptide amorphous calcium 
phosphate on enamel in young permanent teeth. J Pharm 
Bioallied Sci 2015;7 Suppl 2:S513-7.

19. Tewari A, Chawla HS, Utreja A. Comparative evaluation of 
the	role	of	naF,	APF	and	duraphat	topical	fluoride	applications	
in the prevention of dental caries – A 2 1/2 years study. J Indian 
Soc Pedod Prev Dent 1991;8:28-35.

20. Shirahatti RV, Ankola A, Nagesh L, Hallikerimath S. The 
effect of three different pastes on enamel caries formation and 
lesion depth progression – An in vitro study. J Oral Health 
Commun Dent 2007;1:1-6.

21. Roberts AJ. Role of models in assessing new agents for 
caries	 prevention	 –	 Non‑fluoride	 systems.	 Adv	 Dent	 Res	
1995;9:304-11.

22. Rose RK. Binding characteristics of Streptococcus mutans 
for calcium and casein phosphopeptide. Caries Res 
2000;34:427-31.

23.	 Jayarajan	J,	 Janardhanam	P,	Jayakumar	P,	Deepika.	Efficacy	
of CPP-ACP and CPP-ACPF on enamel remineralization – An 
in vitro study using scanning electron microscope and 
DIAGNOdent. Indian J Dent Res 2011;22:77-82.

24. Kumar VL, Itthagarun A, King NM. The effect of casein 
phosphopeptide-amorphous calcium phosphate on 
remineralization	 of	 artificial	 caries‑like	 lesions:	An in vitro 
study. Aust Dent J 2008;53:34-40.

25. Cochrane NJ, Saranathan S, Cai F, Cross KJ, Reynolds EC. 
Enamel subsurface lesion remineralisation with casein 
phosphopeptide stabilised solutions of calcium, phosphate and 
fluoride.	Caries	Res	2008;42:88‑97.

26. Cross KJ, Huq NL, Palamara JE, Perich JW, 
Reynolds EC. Physicochemical characterization of 
casein phosphopeptide-amorphous calcium phosphate 
nanocomplexes. J Biol Chem 2005;280:15362-9.

[Downloaded free from http://www.jisppd.com on Friday, September 15, 2017, IP: 223.227.30.204]



See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/321487813

Comparative Evaluation of the Antibacterial Efficacy of two different

Formulations of Calcium hydroxide as Intracanal Medicaments against

Enterococcus faecalis: An In-vitro study

Article  in  Journal of Clinical and Diagnostic Research · November 2017

DOI: 10.7860/JCDR/2017/27270.10885

CITATIONS

0
READS

203

3 authors:

Some of the authors of this publication are also working on these related projects:

Role of TLR2 and TLR4 In Periodontal health and diseases. View project

Molecular biology of Periodontal health and disease View project

Anand C Patil

KLE VK Institute of Dental Sciences

23 PUBLICATIONS   116 CITATIONS   

SEE PROFILE

Priya Sapra

KLE VK Institute of Dental Sciences

4 PUBLICATIONS   0 CITATIONS   

SEE PROFILE

Kishore Bhat

Maratha Mandal's N.G.H. Institute of Dental Sciences & Research Centre

145 PUBLICATIONS   925 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Anand C Patil on 04 December 2017.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/321487813_Comparative_Evaluation_of_the_Antibacterial_Efficacy_of_two_different_Formulations_of_Calcium_hydroxide_as_Intracanal_Medicaments_against_Enterococcus_faecalis_An_In-vitro_study?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/321487813_Comparative_Evaluation_of_the_Antibacterial_Efficacy_of_two_different_Formulations_of_Calcium_hydroxide_as_Intracanal_Medicaments_against_Enterococcus_faecalis_An_In-vitro_study?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Role-of-TLR2-and-TLR4-In-Periodontal-health-and-diseases?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Molecular-biology-of-Periodontal-health-and-disease?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anand_Patil19?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anand_Patil19?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/KLE_VK_Institute_of_Dental_Sciences?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anand_Patil19?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Priya_Sapra2?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Priya_Sapra2?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/KLE_VK_Institute_of_Dental_Sciences?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Priya_Sapra2?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kishore_Bhat?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kishore_Bhat?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Maratha_Mandals_NGH_Institute_of_Dental_Sciences_Research_Centre?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Kishore_Bhat?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Anand_Patil19?enrichId=rgreq-a053141ec189c57c2c1d6b254b516b2f-XXX&enrichSource=Y292ZXJQYWdlOzMyMTQ4NzgxMztBUzo1Njc2ODk0MDgxNTE1NTJAMTUxMjM1OTExMDM0Mw%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Journal of Clinical and Diagnostic Research. 2017 Nov, Vol-11(11): ZC26-ZC302626

DOI: 10.7860/JCDR/2017/27270.10885Original Article

D
en

tis
tr

y 
S

ec
tio

nComparative Evaluation of the Antibacterial 
Efficacy of two different Formulations 
of Calcium hydroxide as Intracanal 
Medicaments against Enterococcus 
faecalis: An In-vitro study

IntrOductIOn
The endodontic microbiota is polymicrobial in nature [1-5]. E. faecalis 
is the main aetiology behind persistent periradicular lesions [6-8].

Calcium Hydroxide [Ca(OH)2], the most commonly used medicament 
is ineffective against E. faecalis. To enhance the antimicrobial 
properties of Ca(OH)2 several materials have been added to it 
[9,10].

OCT and imipenem are potent antimicrobial agents, able to reduce 
amounts of E. faecalis found in the root canals [11-14]. Gaetti-Jardim 
Júnior E et al., found that imipenem is the most effective beta-lactam 
antibiotic against the microbes isolated from endodontic infections 
[15]. Also, results of the study by Gaetti-Jardim EC et al., presented 
that the most active antimicrobial drugs for oral infections were the 
carbapenems (imipenem and meropenem). The resistance to these 
beta-lactam antibiotics was restricted to 1.6%-2.3% of the isolates 
obtained from the oral cavity. They also concluded that Enterococci 
were susceptible to carbapenems [14]. However, their use for 
treating endodontic infections is not documented.

Thus, this in vitro study was performed to evaluate the antibacterial 
efficacy of Ca(OH)2 mixed with imipenem and OCT against E. 
faecalis and compare it to that of Ca(OH)2 with saline using dentine 
block model.

MAterIAls And MethOds
This study was an in-vitro study carried out at KLE VK Institute 
of Dental Sciences in collaboration with KLEs Dr. Prabhakar Kore 
Hospital and Research Centre, KLE University, Belagavi, Karnataka. 
The project was cleared by the Institutional Ethical Committee board 
of KLE University. The modified Haapasalo and Orstavik model 
was used for this study, similar to the one used by Krithikadatta 
J et al [16]. The extracted human mandibular first premolar teeth 
(n=125) were decoronated 5 mm below cemento-enamel junction 
(CEJ) using rotary diamond disk (DENTSPLY Tulsa, USA). Roots 
were sectioned to obtain 6 mm of middle third portion. Cementum 
was removed using cylindrical diamond bur (Mani Inc., Japan) and 
external diameter was standardized at 4 mm. Internal diameter of 
0.9 mm was standardized using GG Drill No. 3 (Mani Inc., Japan) 
with a slow speed contra-angle hand piece (NSK, Tokyo, Japan) 
[Table/Fig-1,2].The inorganic and organic debris were removed 
by treating the blocks with 17% Ethylene diamine tetraacetic acid 
(EDTA) (Ammdent, India) for five minutes, followed by 3% sodium 
hypochlorite (NaOCl) (Vishal Dentocare, Gujarat, India) for five 
minutes. Dentine blocks were dipped in distilled water (Universal 
Biochemicals, India) for five minutes followed by sterilization in an 
autoclave (Confident, Bengaluru, India) at 121ºC for 15 minutes 
[16,17].
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ABstrAct
Introduction: Complete disinfection of the root canal system 
is necessary to ensure the success of the root canal treatment. 
Calcium hydroxide alone has shown to be ineffective against 
persistent intracanal infections. Studies have shown that 
addition of newer antimicrobial agents to calcium hydroxide has 
a synergistic effect on its antibacterial properties. 

Aim: To evaluate the disinfection of dentinal tubules using 
calcium hydroxide with imipenem and calcium hydroxide 
with octenidine Hydrochloride (OCT) as compared to calcium 
hydroxide alone against Enterococcus faecalis (E.faecalis).

Materials and Methods: The antimicrobial efficacy of the 
medicaments against E. faecalis was assessed in vitro, using a 
dentinal tubule model at a depth of 400 μm in extracted single 
rooted permanent human mandibular premolar teeth. The 
dentin blocks (n=125) were contaminated with E. faecalis for 21 
days. At the end of 21 days, five blocks were selected randomly 
and depth of penetration of microorganisms was checked using 
Scanning Electron Microscopy (SEM). The blocks (n=120) were 

irrigated using saline and randomly divided in three groups 
(n=40) depending on the medicament placed in the canals 
Group I (control)- calcium hydroxide{Ca(OH)2 +Saline, Group 
II-Ca(OH)2+imipenem, Group III- Ca(OH)2+OCT]. Twenty blocks 
were taken from each group on 2nd and 7th day respectively. 
Medicament was removed. Dentine debris were harvested at a 
depth of 400 μm and at the end of 24 hours, optical density was 
evaluated using ELISA reader at 620 nm. Statistical analysis 
was carried out using Analysis of variance (ANOVA) and Tukey’s 
multiple post hoc test. 

results: All the three experimental groups of medicaments 
exhibited antibacterial efficacy against E. faecalis on day 2 and 
day 7. However, when mean optical density was compared, the 
antibacterial efficacy of Group II on 7th day was significantly higher 
than Group I on 2nd day and 7th day and Group III on 2nd day.

conclusion: All the tested medicaments in this study exhibited 
antibacterial activity against E. faecalis on day 2 and day 7 
but the most potent medicament against E. faecalis was the 
combination of Ca(OH)2 mixed with imipenem for 7 days.
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saline [17].

In Group II and III, standard minimum inhibitory concentration of 
6.25 μg/ml and 15.625 μg/ml for imipenem (Lupinem, Hetero Lab, 
Solan, India) and OCT (Dishman Pharmaceuticals and chemicals 
Ltd, Ahmedabad, India) respectively, determined by the Broth 
dilution method were prepared in 1 ml sterile normal saline and 
mixed with 150 mg of Ca(OH)2 respectively.

After medicament placement, the blocks were sealed below and 
above using paraffin wax (Vishal Dentocare, Gujarat) followed by 
incubation in an aerobic environment, at 37ºC [Table/Fig-5]. On 2nd 
and 7th day, twenty blocks were randomly selected from each group 
respectively and medicament was removed by irrigation with 5 ml 
of sterile saline [Table/Fig-6]. Next, dentin debris were harvested 
at a depth of 400 μm by using GG drill No. 5 [Table/Fig-7] and 
collected in 1 ml of sterile broth followed by incubation in aerobic 
environment at 37ºC for 24 hours [Table/Fig-8]. After the incubation 
period, the contents of each microcentrifuge tube were assessed 
by measuring the optical density on a 96 well microtitreplate using 
the ELISA READER (Rapid Diagnostics, Delhi, India), at 620 nm 
[Table/Fig-9,10].

24 hour colonies of pure culture of E. faecalis (ATCC 35550, 
IMTECH, Chandigarh, India) grown on Brain Heart infusion (BHI) 
(Himedia, Mumbai, India) agar were suspended in 5 ml of BHI 
broth and incubated for 24 hours at 37ºC in a bacteriological 
incubator (Labotech, BD instruments, Ambala, India). The culture 
suspensions were adjusted to match the turbidity equivalent of a 0.5 
McFarland standard. The sterile dentin blocks were then transferred 
aseptically into individual microcentrifuge tubes (Tarsons, Kolkata, 
India). Containing 1 ml of BHI broth. About 50 μl of bacterial culture 
suspensions was added to each of these tubes and incubated 
at 37°C for 48 hours. The dentin blocks were then transferred to 
a fresh broth containing bacterial culture, every 2nd day upto 21st 
day [Table/Fig-3] [18]. All of these procedures were performed in 
a Vertical laminar airflow (Questt international, Bengaluru, India) to 
maintain aseptic conditions. The purity of the culture was confirmed 
by subculturing 5 μl of the broth from the incubated blocks in 
the respective broths, on agar plates. Five blocks were selected 
randomly and were used for checking the depth of penetration of 
microorganisms using Scanning Electron Microscopy (SEM) (FEI 
QUANTA 200, Hillsboro, USA) [Table/Fig-4] [19]. 

After the incubation period, the infected dentine blocks were 

[table/Fig-1]: Schematic view of prepared specimens.
[table/Fig-2]: Prepared dentine specimens (n=125).

[table/Fig-5]: Blocks sealed above and below with paraffin wax.
[table/Fig-6]: Removal of the medicament from the block on 2nd and 7th day.

[table/Fig-7]: Harvesting of dentin debris using GG drill no 5.
[table/Fig-8]: Dentine debris collected in 1 ml of sterile BH broth.

[table/Fig-9]: BHI broth containing dentine debris pipetted to 96 well microtitre 
plate.
[table/Fig-10]: 96 well microtitre plate containing BHI broth with dentine debris 
placed in the Spectrophotometer - ELISA reader.

[table/Fig-3]: Infected blocks after 21 days.

[table/Fig-4]: SEM Images showing dentinal tubules infected with E.faecalis.

irrigated using 5 ml of sterile saline (Baxter India Limited, Bengaluru, 
India), to remove the incubation broth. Two layers of nail varnish 
was applied to the outer surface of each specimen to prevent the 
contact of medicament with the external surface.

The dentin blocks were then randomly assigned to the following 
three groups (n=40) depending on the intracanal medicament 
placed inside the canal:

In Group I, the Ca(OH)2 powder (Vishal Dentocare, Gujarat, India) 
was mixed with sterile normal saline in the ratio of 1.5:1 wt/vol 
i.e.150 mg of Ca(OH)2 powder was mixed with 1 ml of sterile normal 

stAtIstIcAl AnAlYsIs
Two way analysis of variance (ANOVA) was used to analyze the 
differences among the groups. The Tukey’s multiple post hoc 
test was then used to compare individual groups, separately for 
the different intervals of time. The p value <0.05 was considered 
statistically significant.

results
All the three medicaments used in this study exerted antimicrobial 
activity at the two tested time intervals. 

At day 2, a difference was observed in the optical density values 
between three Groups (I, II, III) (F=2.2126, p=0.1187) at 5% level of 
significance. However, the difference was not statistically significant 
[Table/Fig-11]. It implies that, the antibacterial activity at the end 
of day 2 was similar. Further, pairwise comparisons were done by 
using Tukey’s multiple post hoc test. It revealed that all the three 
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experimental groups exhibited antibacterial activity on the 2nd day 
but group II (Mean Optical Density (OD)= 0.2995) exhibited better 
antibacterial activity than Group I (Mean OD=0.3795) and III (Mean 
OD=0.3380). Also, the antibacterial efficacy of Group III was seen to 
be better than Group I on day 2 [Table/Fig-12].

and more effective than 2% CHX against E. faecalis both at 200 
μm and 400 μm [24,25]. Hence, it was chosen as one of the test 
materials in this study. 

Imipenem is a beta-lactam carbapenem and has an extremely 
broad spectrum of activity. This is used in the medical field for the 
treatment of E. faecalis infection in severe acute pancreatitis and 
urinary tract infections. Because of its efficacy against E. faecalis, 
imipenem was chosen as another test drug in this study [26].

The model suggested by Orstavik and Haapasalo [18] was altered 
for the present study. In this study, extracted human teeth were 
used instead of the bovine incisors [16]. This adjustment was done 
because of the pronounced variation in the canal diameter of bovine 
and human teeth. Moreover, it is evident that studies with human 
dentin blocks would be more appropriate to simulate the clinical 
situation [17]. Also, cementum was expelled from the samples 
because the presence of the cementum influenced the capacity of 
E. faecalis to contaminate the dentinal tubules. In the present study, 
before the application of the medicament, two coats of nail varnish 
were applied on the outer surface of the blocks to close the tubule 
openings thereby, preventing diffusion of intracanal medicament 
[18].

Many previous studies undertaken using Haapasalo and Orstavik’s 
model [18] had incubated dentinal blocks for three weeks [27,28]. 
This is so because three weeks incubation period was sufficient for 
the formation of clumps of bacteria bounded by a carbohydrate 
matrix, which was a feature normally found in ‘biofilm’ [29-32]. 
Hence, in this study bacterial incubation was done for 21 days. 

Calcium hydroxide requires a minimum of seven days as an 
intracanal dressing. Also, the effective antimicrobial action of the 
tested intracanal medicaments decreases after 48 hours [33]. 
Hence, this explains the reason why antibacterial activity of calcium 
hydroxide and other experimental medicaments was evaluated at 
the end of day 2 and day 7 [34].

The methodology used in this study for evaluation of the antibacterial 
activity was a modification of the one previously described by 
Orstavik J and Haapasalo M where they used counts of colony 
forming units [16,18]. However, in this study optical density of the 
broth, proportional to the number of viable bacteria present in the 
dentin debris was measured using the ELISA-reader which is a 
more accurate method [35,36]. 

In the present study, it was seen that Group I exhibited the least 
antibacterial efficacy against E. faecalis at the end of day 2 and day 
7. The reason for this limited antibacterial effect of calcium hydroxide 
on E. faecalis could be attributed to the dentine buffering effect. In 
order to have antibacterial effect within dentinal tubules, the ionic 
diffusion of Ca(OH)2 should surpass the dentine buffer capacity, 
reaching pH levels sufficient enough to destroy bacterial strains 
particularly E. faecalis which can survive a high pH of 11.5 [37]. 
Another factor is the arrangement of the E. faecalis colonizing the 
root canal walls. This can reduce the antibacterial effects of calcium 
hydroxide, since the cells situated at the periphery of colonies can 
shield those present at a much deeper level inside the tubules [27]. 
Furthermore, as E. faecalis forms biofilm on the root dentin, they 
exhibit the ability to calcify, which may facilitate its stability [37].

It was seen that there was difference in the optical density among 
the three experimental groups on day 2. This indicates that all the 
three groups exhibited antibacterial activity on the 2nd day however, 
Group II exhibited highest antibacterial activity compared to Group 
I and Group III. This can be attributed to the wide spectrum of 
antibacterial activity of imipenem and its strong susceptibility to E. 
faecalis even at very small concentrations.

In addition, the antibacterial efficacy of Group III was seen to be 
better than Group I on day 2. This could be attributed to broad 
spectrum activity and a different class of chemicals of octenidine that 
is bispyridinamines which displays unique properties not common 

[table/Fig-11]: Comparison of optical density values among the three groups (I, II, 
III) at the end of day 2 by One way ANOVA.

[table/Fig-12]: Pairwise comparison of the optical density values of three groups 
(I, II, III) at two intervals (at the end of day 2 and day 7) by Tukey’s Multiple post hoc 
test.
*p<0.05

[table/Fig-13]: Comparison of optical density values of three Groups (I, II, III) at the 
end of day 7 by One way ANOVA.
*p<0.05

Source of variation
Sum of 
squares

Degrees of 
freedom

mean sum 
of squares

F-value p-value

Between groups 0.06 2 0.03

2.2126 0.1187Within groups 0.82 57 0.01

Total 0.89 59

Groups with 
subgroups

Group i 
day 2

Group i 
day 7

Group ii 
day 2

Group ii 
day 7

Group iii 
day 2

Group 
iii 

day 7

Mean 0.3795 0.3884 0.2995 0.2315 0.3380 0.3271

SD 0.0696 0.0959 0.1582 0.1413 0.1161 0.1180

Group I day 2 -

Group I day 7 p=0.9999 -

Group II day 2 p=0.2915 p=0.1867 -

Group II day 7 p=0.0023* p=0.0010* p=0.4745 -

Group III day 2 p=0.8832 p=0.7691 p=0.9128 p=0.0500* -

Group III day 7 p=0.7386 p=0.5905 p=0.9784 p=0.1274 p=0.9998 -

Source of 
variation

Sum of 
squares

Degrees of 
freedom

mean sum 
of squares

F-value p-value

Between groups 0.25 2 0.13

8.7062 0.0005*Within groups 0.82 57 0.01

Total 1.07 59

At day 7, a highly significant difference was observed in the optical 
density values of three Groups (I, II, III) (F=8.7062, p=0.0005) at 5% 
level of significance. It implies that, the antibacterial activity at the 
end of day 7 was different for three groups [Table/Fig-13]. Further, 
pairwise comparisons were done by using Tukey’s multiple post hoc 
test. It was observed that the antibacterial efficacy of Group II (Mean 
OD=0.2315) was better than group I (Mean OD=0.3884) and Group 
III (Mean OD=0.3271) on 7th day. Also, Group II at the end of day 7 
and Group I at the end of day 2 (p=0.0023), Group II at the end of 
day 7 and Group I at the end of day 7 (p=0.0010) and Group II at 
the end of day 7 and Group III at the end of day 2 (p=0.0500) show 

statistically significant difference in the optical density values at 5% 
level of significance. It implies that, the optical density is significantly 
lower in Group II at the end of day 7 as compared to Group I at the 
end of day 2 and day 7 and Group III at the end of day 2 [Table/
Fig-12]. This reveals that Ca(OH)2 with imipenem was most effective 
against E. faecalis to a depth of 400 μm on 7th day.

dIscussIOn
Amongst microorganisms, E. faecalis is most commonly implicated 
in asymptomatic persistent infections [7]. It has been demonstrated 
that E. faecalis is highly resistant to Ca(OH)2. A combination of two 
medicaments may produce additive or synergistic effects. Therefore, 
different materials have been added to Ca(OH)2 in an attempt to 
enhance its antimicrobial activity against E. faecalis [20-22].

Octenidine is an antiseptic and it is proposed as an alternative 
to Chlorhexidine (CHX) and Ca(OH)2. Studies have shown that 
Octenidine was found to be more effective than 5.25% NaOCl 
against E. faecalis after different intervals in broth dilution test [23] 
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to other cationic antiseptic agents [38,39]. This was in accordance 
with the results obtained by other authors like De Lucena JM et al., 
[12]. To add, Haapasalo M et al., [18] in their clinical trials found that 
Octenidine was able to achieve similar results like CHX against E. 
faecalis. Tandjung L et al., and Sundqvist G et al., in their respective 
studies also found that octenidine acted as a potent antimicrobial 
agent capable of reducing the amount of E. faecalis found in infected 
areas of endodontic therapy [13,40].

The slight decrease in the antibacterial efficacy of calcium hydroxide 
in Group I from 2nd to 7th day could be due to the vehicle used in 
this group which was saline in this case. Saline being a water based 
vehicle diffuses rapidly leading to decreased availability of hydroxyl 
ions responsible for antibacterial activity of calcium hydroxide, 
thereby by lowering its antibacterial activity by 7th day. These results 
were in accordance with those obtained by Vaghela DJ et al., [17]. 
The increased antibacterial activity of Group II and Group III on 
day 7 inspite of the same vehicle used could be attributed to the 
synergistic effect. This leads to enhanced activity that occurs when 
two medicaments are combined together. Similar results were seen 
by Tirali RE et al., in their study where octenidine was mixed with 
calcium hydroxide [41]. Also, De Lucena JM et al., found that when 
octenidine gel was placed for seven days in root canal system, no 
bacterial growth was observed [12].

Antibacterial activity of Group II on 7th day was significantly better 
than Group I and Group III. This revealed that calcium hydroxide with 
imipenem for 7 days proved to be the most effective medicament 
against E. faecalis. This is so because imipenem acts as an effective 
antimicrobial agent by inhibiting cell wall synthesis of various 
Gram-negative and Gram-positive bacteria. It remains very stable 
even in the presence of β-lactamase (both cephalosporinase and 
penicillinase) produced by some bacteria including E. faecalis and 
is a strong inhibitor of β-lactamases from some Gram-negative 
bacteria that offer resistance to most β-lactam antibiotics. Thus, this 
plays an important role in the treatment of infections which are not 
readily treated with other antibiotics [42]. 

These results were in accordance with those obtained by Gaetti-
Jardim EC et al., and Gaetti-Jardim Júnior E et al., who concluded 
that Imipenem is effective against the microbial flora isolated from 
endodontic infections. [14,15]. 

lIMItAtIOn
One limitation of this study is that a single organism was used to infect 
the root canal. Because endodontic infections are polymicrobial, 
interactions between multiple organisms could potentially have 
different dynamics than were demonstrated by this study. The 
intracanal medicament that is effective against single microbe in 
vitro may not necessarily be effective against the same microbe in 
vivo since the root canal system contains multiple microorganisms.

Also in this study, the maximum duration for which medicament was 
left in the canal was for seven days. Further research is warranted 
where medicament should be left for a longer duration to better 
understand their antibacterial action against E. faecalis. However, 
care should be taken with the use of antibiotics to avoid development 
of resistance.

cOnclusIOn
Thus, under the conditions of the present study, it was concluded 
that all the tested medicaments in this study exhibited antibacterial 
activity against E. faecalis on day two and day seven but the 
most potent medicament against E. faecalis is the combination 
of imipenem with Calcium hydroxide for seven days. Combination 
of octenidine hydrochloride with calcium hydroxide offered better 
antibacterial efficacy than calcium hydroxide with sterile saline but 
less than the combination of imipenem with calcium hydroxide at 
both the time intervals i.e. day two and day seven.
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The	 number	 of	 cases	 of	 oral	 cancer	 is	
increasing	 day	 by	 day	 in	 India.	 Oral	 cancer	
and	 its	 management	 are	 associated	 with	
tremendous	 physiological,	 emotional,	 and	
psychological	 disruption.	 This	 affects	
patients’	 quality	 of	 life	 (QOL)	 and	 has	 a	
profound	 impact	 not	 only	 on	 them	 but	 also	
their	 careers	 and	 family	 members.	 As	 a	
consequence	 of	 improved	 disease‑specific	
survival,[1]	more	patients	than	ever	before	are	
living	with	the	aftermath	of	the	treatment.

The	 term	 “QOL”	 was	 first	 used	 by	
Heckscher[2]	 and	 in	 1977	was	 adopted	 as	 a	
“keyword”	 by	 the	 United	 States	 National	
Library	 of	 Medicine.[3]	 QOL	 is	 a	 broad	
multidimensional	 concept	 encompassing	
many	 aspects	 of	 an	 individuals’	 life.	 It	
is	 difficult	 to	 define	 as	 it	 is	 a	 perceived	
subjective	 outcome.[4]	 The	 WHO	 has	
defined	 QOL	 as	 “individuals	 perceptions	
of	 their	 position	 in	 context	 of	 the	 culture	
and	 value	 systems	 in	 which	 they	 live	 and	
in	 relation	 to	 their	 goal,	 expectations,	
standards,	and	concerns.”[5]
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Abstract
Purpose:	The	study	aims	to	assess	the	quality	of	life	(QOL)	of	oral	cancer	survivors,	1–5	years	after	the	
treatment.	Materials and Methods:	The	data	of	fifty	patients	concerning	their	QOL	were	gained	from	
the	 Outpatient	 Department	 of	 K.L.E’s	 Dr.	 Prabhakar	 Kore	 Hospital	 and	 Medical	 Research	 Institute,	
Belagavi,	 and	Karnataka	Cancer	Therapy	 and	Research	 Institute,	Navanagar,	Hubli,	Karnataka,	 India.	
All	 the	 patients	 suffered	 from	 oral	 cancer	 (stage	 T2–T4)	 and	 underwent	 surgery	 with	 reconstruction	
followed	 by	 chemotherapy	 or	 radiotherapy	 or	 both.	 The	 patients	 completed	 the	 standard	 European	
Organization	 for	 Research	 and	 Treatment	 of	 Cancer	 (EORTC)	 Quality	 of	 Life	 Questionnaire	 (QLQ)	
C‑30	(version	3.0)	and	QLQ	Head	and	Neck	Cancer	Specific	(QLQ	H	and	N‑35)	(version	1.0).	Scoring	
was	 done	 according	 to	 the	 EORTC	 scoring	manual.	Results:	The	mean	 age	 at	 the	 time	 of	 diagnosis	
was	 45.0	 (±9.0).	 The	 study	 population	 had	 a	 mean	 global	 health	 status	 (GHS)	 for	 overall	 QOL	 of	
55.5	±	13.4.The	mean	functional	scale	(FS)	was	87.5	(±9.6).The	mean	QLQ	C‑30	symptom	scale	(SS)	
was	16.3	(±11.9)	and	the	mean	QLQ	H	and	N‑35	SS	(H	and	NSS)	was	26.9	±	11.5.	Location,	gender,	
age,	and	time	after	 the	treatment	showed	very	less	discrepancy	in	the	group	comparisons	of	GHS,	FS,	
SS,	 and	 H	 and	 NSS	 whereas	 comparison	 based	 on	 T‑stage	 showed	 significant	 difference	 in	 scores.	
Conclusion:	 Oral	 cancer	 has	 a	 significant	 impact	 on	 the	 QOL	 of	 the	 patients.	Assessment	 of	 QOL	
should	receive	adequate	attention	in	treatment	planning	and	rehabilitation.	This	would	definitely	help	in	
delivery	of	better	symptom	directed	therapies	and	improve	the	QOL	of	the	patients.

Keywords: Oral cancer, oral cancer survivor, quality of life
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The	 success	 of	 oral	 cancer	 therapy	 is	
primarily	 determined	 by	 recurrence‑free	
survival.	 However,	 a	 study	 on	 death	
certification	 in	 oral	 cancer	 patients	 showed	
that	30%	of	the	patients	succumbing	3	years	
after	 treatment	 had	 died	 of	 other	 causes	
than	 of	 their	 primary	 disease.[6]	 Freedom	
of	 recurrence,	 therefore,	 should	 not	 be	 the	
only	 factor	 determining	 successful	 therapy,	
and	 the	 patients	 QOL	 has	 to	 be	 taken	 into	
account.

The	 increase	 in	 survival	 rates	 of	 cancer	
patients	 following	 multimodal	 therapy	 is	
meaningless,	 if	 not	 an	 at	 least	 moderate	
QOL	can	be	sustained.	Functional,	esthetic,	
emotional,	 and	 social	 factors	 determine	
QOL	 and	 should,	 therefore,	 receive	
adequate	 attention	 in	 treatment	 planning	
and	rehabilitation.

During	 1990s,	 the	 focus	 of	 many	 surgeons	
was	 directed	 toward	 QOL	 in	 cancer	
patients,	 and	 therefore,	 many	 new	 and	
generally	 applicable	 methods	 of	 evaluation	
were	 introduced	 like	 the	 European	
Organization	 for	 Research	 and	 Treatment	
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of	 Cancer	 Core	 Quality	 of	 Life	 Questionnaire	 (EORTC	
QLQ	 C‑30),[7]	 EORTC	 Head	 and	 Neck	 Cancer‑Specific	
Questionnaire	(EORTC	H	and	N‑35),[8‑10]	Functional	Living	
Index‑Cancer	 (FLIC),[11]	 Functional	Assessment	 of	 Cancer	
Therapy	 (FACT)	 Scale	 General,[12]	 FACT	 Scale	 Head	 and	
Neck	 Specific,[13]	 University	 of	Washington	 QOL	 Scale.[14]	
The	diversity	of	available	instruments	is	shown	in	a	review	
by	Rogers	et	al.[15]	in	1999.

Self‑completed	 questionnaires	 as	 mentioned	 showed	
to	 be	 adequate	 tool	 for	 evaluation	 of	 QOL	 in	 head	 and	
neck	 cancer	 patients	 and	 are	 favored	 over	 interview‑style	
questionnaires	 due	 to	 practicability	 and	 increased	
objectiveness.

At	 K.L.E’s	 Dr.	 Prabhakar	 Kore	 Hospital	 and	 Medical	
Research	 Institute,	 Belagavi,	 and	 Karnataka	 Cancer	
Therapy	 and	 Research	 Institute,	 Nawanagar,	 Hubli,	
patients	 with	 oral	 cancer	 are	 treated	 with	 multimodal	
therapy	 that	 includes	 surgery	 which	 may	 be	 followed	
by	 chemotherapy	 or	 radiotherapy	 or	 both.	 In	 all	 cases,	
reconstruction	 is	 performed	 with	 microsurgically	
revascularized	free	flaps.

The	present	study	assesses	the	QOL	of	oral	cancer	survivors	
1–5	years	after	the	treatment.	The	questionnaires	used	were	
the	 EORTC	 Questionnaires	 (QLQ	 C‑30	 and	 QLQ	 H	 and	
N‑35),	 both	 psychometrically	 validated	 instruments	 that	
allow	international	comparison	of	results.

Materials and Methods
The	 present	 study	 was	 cross‑sectional	 in	 design	 that	
included	 fifty	 patients	 who	 have	 been	 treated	 for	 oral	
cancer	 at	 K.L.E’s	 Dr.	 Prabhakar	 Kore	 Hospital	 and	
Medical	 Research	 Institute,	 Belagavi,	 and	 Karnataka	
Cancer	 Therapy	 and	 Research	 Institute,	 Nawanagar,	
Hubli,	 from	 January	 2008	 to	 January	 2013.	 The	 study	
was	 conducted	 from	 August	 2014	 to	 September	 2014.	
All	 the	 patients	 suffered	 from	 oral	 cancer	 stage	 (T2–T4)	
and	had	underwent	primary	surgery	which	might	or	might	
not	 have	 been	 followed	 by	 chemotherapy	 or	 radiotherapy	
or	 both.	 All	 the	 patients	 had	 received	 microsurgically	
revascularized	 free	flaps.	The	patients	with	oropharyngeal	
cancer	were	 not	 included	 in	 the	 study	 sample.	The	 study	
was	 approved	 by	 the	 Institutional	 Ethics	Committee.	The	
purpose	 of	 the	 study	 was	 explained,	 and	 a	 duly	 filled	
informed	 consent	 was	 obtained	 from	 all	 the	 patients	
participating	in	the	study.

We	 used	 the	 standard	 EORTC	 Questionnaires	 QLQ	
C‑30	 (version	 3.0)	 and	 QLQ	 H	 and	 N‑35	 (version	 1.0).	
Patients	 received	 them	while	waiting	 for	 routine	check‑ups	
in	 the	 outpatient	 department	 of	 both	 the	 hospitals.	 For	
the	 convenience	 of	 the	 patients	 and	 for	 their	 better	
understanding	 of	 the	 questions,	 the	 questionnaires	 were	
made	 available	 in	 Kannada,	 Marathi,	 Hindi,	 and	 English.	
The	 patients	 chose	 the	 questionnaire	 in	 the	 language	
which	 they	 were	 comfortable	 with.	 Upon	 completion,	 the	

questionnaires	 were	 handed	 directly	 to	 the	 examiner,	 who	
had	the	opportunity	to	clarify	misunderstandings	or	address	
seemingly	very	high	or	very	 low	ratings.	Great	 importance	
was	 laid	 on	 the	 point	 that	 no	 influence	whatsoever	 should	
be	 exerted	 unto	 the	 patient.	 The	 impression	 emerged	
that	 the	 patient’s	 answers	 and	 objective	 evaluation	 of	 his	
condition	were	roughly	similar.

The	analysis	of	the	questionnaires	was	done	in	accordance	
with	 the	 EORTC	 guidelines.[16]	 The	 QLQ	 C‑30	 is	
composed	 of	 both	 multi‑item	 scales	 and	 single‑item	
measures.	 These	 include	 five	 functional	 scales	 (FSs),	
three	 SSs,	 a	 global	 health	 status	 (GHS)/QOL	 scale,	 and	
six	 single	 items.	 Each	 of	 the	multi‑item	 scales	 includes	 a	
different	 set	 of	 items	 –	 no	 item	 occurs	 in	 more	 than	 one	
scale.	 All	 of	 the	 scales	 and	 single‑item	 measures	 range	
in	 score	 from	 0	 to	 100.	 A	 high	 scale	 score	 represents	
a	 higher	 response	 level.	 Thus,	 a	 high	 score	 for	 a	 FS	
represents	 a	 high/healthy	 level	 of	 functioning;	 a	 high	
score	 for	 the	 GHS/QOL	 represents	 a	 high	 QOL,	 but	
a	 high	 score	 for	 a	 SS/item	 represents	 a	 high	 level	 of	
symptomatology/problems.	 The	 head	 and	 neck	 cancer	
module	 incorporates	 seven	 multi‑item	 scales	 that	 assess	
pain,	 swallowing,	 senses	 (taste	 and	 smell),	 speech,	 social	
eating,	 social	 contact,	 and	 sexuality.	There	are	also	eleven	
single	 items.	For	all	 items	and	scales,	high	scores	 indicate	
more	 problems	 (i.e.	 there	 are	 no	 function	 scales	 in	which	
high	 scores	 would	 mean	 better	 functioning).	 The	 scoring	
approach	for	the	QLQ	H	and	N‑35	is	identical	in	principle	
to	that	for	the	SSs/single	items	of	the	QLQ	C‑30.

Raw	 score	 (RS)	 is	 calculated	 by	 average	 of	 the	 items	 in	 a	
particular	scale	(for	example,	physical	 functioning	includes	
three	 items,	and	the	RS	for	 it	 is	calculated	as	sum	of	score	
for	items	1–3	divided	by	3).

Score	 (S)	 is	 obtained	 by	 applying	 a	 linear	 transformation	
to	0–100:
FSs:	S	=	(1	–	[(RS	−	1)/range])	×100

SS:	S	=	([RS	−	1]/range)	×100

GHS/QOL:	S	=	([RS	−	1]/range)	×100

Range	 is	 the	 difference	 between	 the	 maximum	 possible	
value	 of	 RS	 and	 the	minimum	 possible	 value.	Most	 items	
are	 scored	1–4,	giving	 range	3.	The	GHS/QOL	question	 is	
scored	1–7,	giving	range	6.

Mean	 and	 standard	 deviation	 of	 the	 scores	 thus	 obtained	
were	calculated.

The	following	clinical	parameters	were	registered:
1.	 Age
2.	 Gender
3.	 Time	after	treatment	(in	years)
4.	 Location	 of	 tumor	 (anterior	 floor	 of	 mouth,	 sublingual	

sulcus,	retromolar	region,	tonsillar	fossa,	and	tongue)
5.	 T‑stage	(T2–T4).
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A	 statistical	 evaluation	 of	 the	 collected	 data	 and	 scoring	
of	 the	questionnaires	was	done,	and	 the	 results	of	different	
groups	 of	 patients	were	 compared.	 Statistical	 analysis	was	
conducted	using	SPSS	statistics	for	windows,	(Version	19.0	
Armonk,	NY:IBM	Corp).	Comparisons	of	two	groups	were	
performed	with	nonparametric	Mann–Whitney	test	whereas	
Kruskal–Wallis	test	in	case	of	more	than	two	groups.

Results
A	 total	 of	 50	 patients	 (males	 =	 38,	 females	 =	 12)	 with	
a	 mean	 age	 of	 45.0	 ±	 9.0	 were	 enrolled	 in	 the	 study.	
Twenty‑five	 patients	 presented	 with	 T4‑,	 15	 with	 T3‑,	
and	 10	 with	 T2‑stage	 of	 oral	 cancer.	 The	 most	 common	
location	of	the	tumor	was	in	the	retromolar	region	followed	
by	 tongue	 and	 the	 floor	 of	 mouth.	 The	 distribution	 of	 the	
study	participants	based	on	location,	T‑stage,	and	time	after	
the	treatment	is	shown	in	Table	1.

The	study	population	had	a	mean	GHS	(GHS	parameter	for	
overall	QOL)	of	55.5	±	13.4,	which	 is	 just	beneath	 the	 top	
fourth.	The	mean	FS	was	87.5	±	9.6,	with	100	standing	for	
uncompromised	 functioning.	The	mean	QLQ	C‑30	SS	was	
16.3	 ±	 11.9	 and	 the	 mean	 QLQ	 H	 and	 N‑35	 SS	 (H	 and	
NSS)	was	26.9	±	11.5,	both	on	a	scale	of	100,	0	indicating	
no	 and	 100	 indicating	 most	 symptoms.	 Tables	 2‑4	 shows	
QLQ	C‑30,	QLQ	H	and	N‑35,	and	EORTC	H	and	N	QLQ	
35,	respectively.

Patients	who	had	 tumors	 located	 in	 the	anterior	 regions	of	
the	mouth	 (anterior	 floor	 of	 the	mouth,	 sublingual	 sulcus)	
did	 not	 show	 significant	 differences	 in	 their	 perceived	
QOL	 from	 patients	 with	 tumors	 located	 in	 the	 posterior	
regions	 (retromolar	 region,	 tonsillar	 fossa,	 and	 tongue).	
Males	and	females	did	not	show	any	significant	differences	
in	 their	 perceived	QOL.	 Surprisingly,	 age	 seemed	 to	 bear	
very	little	impact	on	the	resulting	patient	perceived	QOL.

When	 the	 comparison	 was	 made	 on	 the	 basis	 of	 T‑stage,	
there	was	a	significant	difference	in	the	scores	in	GHS,	FS,	
SS,	and	H	and	NSS.	The	scores	 for	GHS	and	FS	 followed	

the	 sequence	 T2	 >	 T3	 >	 T4	 and	 the	 scores	 for	 SS	 and	 H	
and	NSS	followed	the	sequence	T2	<	T3	<	T4.

As	 the	 last	 group	 comparison,	 patients	 whose	 treatment	
dates	 back	 1–2	 years	 were	 compared	 with	 those	 whose	
treatment	 dates	 back	 3–5	 years.	These	 two	 groups	 did	 not	
significantly	differ	in	QOL	parameters.

Table	 5	 illustrates	 the	 group	 comparisons	 of	 clinical	
variables	with	GHS,	FS,	and	SS,	respectively.

Table 1: Clinical data variables description of study 
participants (n=50)

Clinical characteristics Number of cases
Tumor	site
Retromolar	region 27
Tongue 21
Floor	of	the	mouth 2

Tumor	stage
T2 10
T3 15
T4 25

Time	after	treatment	(years)
1 19
2 20
3 10
4 50

Table 2: Scores of Quality of Life Questionnaire C‑30
QLQ C‑30

Patients Mean scales±SD
Global	health	status/QOL 50 55.5000±13.42760
Functional	scales
Physical	functioning 50 86.4000±11.18470
Role	functioning 50 86.6667±12.14052
Emotional	functioning 50 84.5000±18.28922
Cognitive	functioning 50 86.6667±16.49572
Social	functioning 50 93.3333±11.66424

Symptom	scales
Fatigue 50 29.5556±17.90347
Nausea	and	vomiting 50 8.3333±12.25670
Pain 50 27.0000±21.26658
Dyspnea 50 6.6667±13.46870
Insomnia 50 26.6667±22.33531
Appetite	loss 50 20.6667±23.22131
Constipation 50 17.3333±25.41269
Diarrhea 50 1.3333±6.59829
Financial	difficulties 50 9.3333±17.86825

QOL=Quality	of	Life,	SD=Standard	deviation,	QLQ=Quality	of	
Life	Questionnaire

Table 3: Scores of Quality of Life Questionnaire Head 
and Neck‑35

Symptom scales QLQ Head and Neck‑35
Patients Mean scales±SD

Pain 50 23.3333±17.33359
Swallowing 50 24.5000±20.09120
Senses	problems 50 23.0000±19.60205
Speech	problems 50 19.1111±19.05291
Trouble	with	social	eating 50 32.3333±21.40475
Trouble	with	social	contact 50 9.7333±13.54994
Less	sexuality 50 5.3333±12.34427
Teeth 50 18.0000±19.29600
Opening	mouth 50 31.3333±19.52962
Dry	mouth 50 31.3333±19.52962
Sticky	saliva 50 40.0000±30.86067
Coughing 50 8.0000±14.38064
Felt	ill 50 17.3333±18.12028
Pain	killers 50 68.0000±47.12121
Nutritional	supplements 50 34.0000±47.85181
Feeding	tube 50 10.0000±30.30458
Weight	loss 50 46.0000±50.34574
Weight	gain 50 44.000±50.14265
SD=Standard	deviation,	QLQ=Quality	of	Life	Questionnaire
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Discussion
According	 to	GLOBOCAN	2012,	 head	 and	neck	 cancer	 is	
the	most	 common	malignancy	 among	males	 in	 India.	 The	

overall	 age‑standardized	 rates	 of	 incidence	 of	 oral	 cavity,	
nasopharynx,	and	other	pharyngeal	cancers	are	7.2,	0.3,	and	
3.7,	 respectively.	The	distribution	of	 site	of	 involvement	 is	

Table 4: European Organization for Research and Treatment of Cancer Head and Neck Quality of Life 
Questionnaire‑35

During the last week, have you Head and neck QLQ 35
Not at 
all (1)

A 
little (2)

Quite a 
bit (3)

Very 
much (4)

Percentage quite a bit 
and very much (3, 4)

31.	Had	pain	in	your	mouth? 19 18 12 1 26
32.	Had	pain	in	your	jaw? 18 22 10 0 20
33.	Had	soreness	in	your	mouth? 26 21 3 0 6
34.	Had	a	painful	throat? 27 20 3 0 6
35.	Had	problems	swallowing	liquids? 37 10 3 0 6
36.	Had	problems	swallowing	pureed	food? 24 18 7 1 16
37.	Had	problems	swallowing	solid	food? 10 15 20 5 50
38.	Choked	when	swallowing? 27 21 1 1 4
39.	Had	problems	with	your	teeth? 25 23 2 0 4
40.	Had	problems	opening	your	mouth	wide? 10 33 7 0 14
41.	Had	a	dry	mouth? 10 33 7 0 14
42.	Had	sticky	saliva? 13 18 15 4 38
43.	Had	problems	with	your	sense	of	smell? 42 6 2 0 4
44.	Had	problems	with	your	sense	of	taste? 16 11 21 2 46
45.	Coughed? 38 12 0 0 0
46.	Been	hoarse? 44 6 0 0 0
47.	Felt	ill? 25 24 0 0 0
48.	Has	your	appearance	bothered	you? 35 12 3 0 6
49.	Had	trouble	eating? 11 24 13 2 30
50.	Had	trouble	eating	in	front	of	your	family? 31 15 4 0 8
51.	Had	trouble	eating	in	front	of	other	people? 10 32 6 2 16
52.	Had	trouble	enjoying	your	meals? 13 14 18 5 46
53.	Had	trouble	talking	to	other	people? 18 19 12 1 26
54.	Had	trouble	talking	on	the	telephone? 27 12 11 0 22
55.	Had	trouble	having	social	contact	with	family? 39 10 1 0 2
56.	Had	trouble	having	social	contact	with	friends? 34 15 1 0 2
57.	Had	trouble	going	out	in	public? 35 14 1 0 2
58.	Had	trouble	having	physical	contact	with	family/friends? 40 10 0 0 0
59.	Felt	less	interest	in	sex? 42 8 0 0 0
60.	Felt	less	sexual	enjoyment? 42 8 0 0 0
QLQ=Quality	of	Life	Questionnaire

Table 5: Group comparisons of global health status, functional scale, and symptom scale with clinical variables
Variables Compared groups Total Mean±SD Significance

GHS FS SS
Location Anterior 2 66.6±23.5 89.5±12.4 16.9±12.6 NS

Posterior 48 55±13 87.4±9.7 16.2±12
Gender Male 38 56.5±13.3 88.3±9.3 15.7±12.3 NS

Female 12 52.0±13.8 84.8±10.6 18±10.5
T‑stage T2 10 71.6±13.1 98.1±2.1 2.1±3.06 <0.05

T3 15 53.3±9.3 88.8±3.6 16.2±8.1
T4 25 50.3±10.6 82.5±10.3 22±11.3

Age ≤45 25 58±15.6 86.4±10.6 18.2±11.5 NS
>45 25 53±10.4 88.5±8.6 14.4±12.1

Time	after	
treatment

1‑2	years 39 55.9±14.1 87.8±10.1 16.6±12.5 NS
3‑5	years 11 53.7±10.4 86.3±8.1 15.3±9.4

GHS=Global	health	status,	FS=Functional	scale,	SS=Symptom	scale,	NS=Not	significant,	SD=Standard	deviation
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markedly	 different	 from	 other	 parts	 of	 the	 world.	 While	
oral	 cavity	 is	 the	 most	 commonly	 involved	 site	 in	 India,	
pharyngeal	 primaries	 rank	 top	 in	 the	 developed	 countries.	
Similarly,	nasopharyngeal	 cancer	 is	highly	prevalent	 in	 the	
Southeast	Asia	region.[17]

The	 incidence	 from	 the	 National	 Cancer	 Registry	
Project	(Indian	Council	of	Medical	Research)	confirmed	the	
fact	 that	oral	cancer	was	 indeed	a	common	 form	of	cancer	
in	 India.[18]	This	 is	 basically	due	 to	 the	 easy	 availability	of	
variant	 smoking	 and	 smokeless	 tobacco	 products.	 North	
Karnataka	 lying	 in	 the	 tobacco	 belt	 of	 India	 has	 a	 high	
incidence	of	oral	cancer.

The	 present	 study	was	 done	 to	 assess	 the	QOL	of	 patients	
who	 have	 been	 treated	 for	 oral	 cancer	 1–5	 years	 back.	
Majority	 of	 the	 study	 participants	 were	 males	 indicating	
higher	 incidence	of	 the	disease	among	males.	This	may	be	
due	 to	 higher	 incidence	 of	 tobacco‑related	 habits	 among	
males	than	females	in	India.

Twenty‑five	out	of	 the	50	patients	presented	with	T4‑stage,	
15	 presented	 with	 T3‑stage,	 and	 only	 10	 presented	 with	
T2‑stage.	Approximately	80%	of	 the	head	and	neck	cancer	
patients	in	developing	countries	present	in	Stage	III	and	IV	
disease.[19]	This	 is	basically	due	 to	 lack	of	awareness	about	
oral	cancer	among	general	public.

Numerous	 validated	QOL	 instruments	 are	 available.	 In	 the	
present	study,	we	used	the	standard	EORTC	Questionnaires	
QLQ	C‑30	and	QLQ	H	and	N‑35.

Patients	 tended	 to	 report	an	average	 to	good	QOL.	Studies	
have	 shown	 that	 level	 of	 QOL	 improved	 until	 the	 end	 of	
the	1st	postoperative	year.[20]

The	 mean	 score	 for	 FS	 was	 87.5	 and	 this	 expresses	
a	 good	 ability	 to	 perform	 daily	 activities	 (physical	
functions,	 like	 personal	 hygiene,	 as	 well	 as	 cognitive,	
social,	 and	 emotional	 functions)	 which	 was	 similar	 to	
studies	 conducted	 by	 Pierre	 et	 al.[21]	 The	 SSs	 (SS	 and	
H	 and	 NSS)	 allow	 an	 evaluation	 of	 complaints.	 General	
oncological	 symptoms	 such	 as	 nausea,	 dyspnea,	 diarrhea,	
constipation,	 appetite	 loss,	 and	 financial	 difficulties	 do	
not	 seem	 to	 affect	 patients	 to	 a	 great	 extent	 whereas	
symptoms	such	as	fatigue,	pain,	and	insomnia	affected	the	
patients	quite	a	bit.

Specific	 symptoms	 in	 the	 head	 and	 neck	
area	 (e.g.,	 problems	 with	 swallowing	 and	 speech)	
present	 the	most	difficulties	 to	patients	which	was	 in	 line	
with	 other	 studies.[9,22‑24]	 Questions	 related	 to	 food	 and	
swallowing	were	 generally	 rated	 worst.	 These	 results	 are	
probably	due	to	the	fact	that	complete	dental	rehabilitation	
although	 possible	 is	 not	 available	 to	 all	 patients	 due	 to	
social	and	financial	reasons.

Problems	 such	 as	 sticky	 saliva	 and	 dry	 mouth	 had	 a	 very	
high	 mean	 score	 indicating	 salivary	 dysfunction	 as	 one	 of	
the	 major	 problems	 faced	 by	 the	 patients.	 These	 problems	

are	 due	 to	 ill	 effects	 of	 radiation	 therapy	 on	 the	 salivary	
glands.[25]

Regarding	 communication,	 speech	 problems	 had	 a	 mean	
score	 of	 19.11.	 Considering	 the	 severity	 of	 the	 patients’	
illness	and	treatment,	these	are	encouraging	results.

Five	 (10%)	 patients	 used	 feeding	 tubes	 (percutaneous	
endoscopic	 gastrostomy	 tubes),	 their	 FS	 and	 H	 and	 N	
scales	showed	significantly	worse	scores	accordingly.	Their	
GHS	 and	 SS	 though	 are	 not	 significantly	 lower	 than	 of	
those	patients,	who	are	able	to	swallow.

The	 overall	 QOL	 (GHS)	 score	 of	 the	 present	 study	 was	
less	 compared	 to	 the	 other	 three	 studies	 indicating	 poorer	
perceived	QOL	of	 the	participants.	 In	 the	present	study,	 the	
mean	 scale	 for	GHS	was	55.5.	 In	 the	 studies	 conducted	by	
Klug	et	al.,[26]	Bjordal	et	al.,[9]	and	Rogers	et	al.,[23]	the	mean	
scale	 for	 GHS	 was	 64,	 61,	 and	 70,	 respectively.	 The	 FS	
scores	of	the	present	study	were	better	than	the	three	studies	
indicating	 better	 physical,	 emotional,	 cognitive,	 and	 social	
functioning.	There	was	not	much	difference	in	the	scores	of	
the	SSs	except	for	pain,	dyspnea,	constipation,	and	diarrhea.	
The	 patients	 were	 less	 affected	 by	 problems	 such	 as	 pain,	
dyspnea,	 and	 diarrhea	 compared	 to	 the	 other	 three	 studies	
whereas	more	number	of	people	complained	of	constipation	
compared	 to	 the	 other	 three	 studies.	 The	 four	 studies	 did	
not	 differ	 much	 in	 QLQ	 H	 and	 N‑35	 scores.	 The	 specific	
questions	 though	 showed	 differences	 in	 the	 areas	 of	 social	
contact,	weight	loss,	and	weight	gain.

When	 the	 comparison	 was	 made	 on	 the	 basis	 of	
T‑stage	 (group	 comparison	 no.	 3),	 there	 was	 a	 significant	
difference	 in	 scores	 in	 GHS,	 FS,	 SS,	 and	 H	 and	 NSS.	
Patients	 with	 small	 tumors	 had	 significantly	 better	
scores	(better	QOL)	than	patients	with	large	tumors.	Similar	
results	 are	 reported	 by	 Schliephake	 et	 al.[27]	 and	 Vaughan	
et	 al.[28]	 They	 evaluated	 QOL	 in	 patients	 with	 oral	 and	
oropharyngeal	 tumors	as	well	as	 tumors	of	salivary	glands,	
who	 underwent	 surgical	 treatment	 only,	 using	 the	 FLIC.[11]	
In	 their	 study,	 tumors	 of	 all	 sizes	were	 included	 (also	T1)	
and	 different	 surgical	 techniques	 were	 used.	 As	 could	 be	
expected,	 patients	 with	 small	 tumors	 had	 significantly	
better	FLIC	scores,	than	patients	with	large	tumors.

Our	 group	 comparison	 looked	 for	 differences	 in	 QOL	
dependent	 on	 time	 since	 the	 treatment.	 Our	 results	
correlate	 with	 those	 of	 Rogers	 et	 al.,[23]	 who	 found	
no	 further	 dynamics	 in	 QOL	 after	 the	 1st	 year	 after	
surgery.	 An	 explanation	 is	 found	 in	 the	 work	 of	 Allison	
et	al.[29]	who	pointed	out	the	relativity	of	the	patients’	QOL	
assessment	 from	 his	 or	 her	 actual	 situation	 that	 is	 due	 to	
changes.	 Similarly,	 Breetvelt	 and	 Van	 Dam[30]	 explained	
underreporting	 of	 the	 perceived	 symptoms	 in	 the	 QOL	
survey	due	to	coping	mechanisms.

There	 are	 patients	who	 had	 a	 very	 high	 overall	QOL	who	
gave	 answers	 indicating	 a	 very	 poor	 QOL	 and	 the	 other	
way	round.	We	assume	that	other	factors	may	also	influence	
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the	 QOL,	 which	 were	 not	 taken	 into	 consideration	 in	 this	
study.	This	 could	 be	 social	 factors	 such	 as	 family	 support,	
regular	 occupation,	 and	 social	 integration	 on	 the	 one	 hand	
as	 well	 as	 habits	 such	 as	 excessive	 alcohol	 consumption	
and	 continued	 smoking	 with	 consecutive	 diseases	 on	 the	
other	 hand.	 These	 factors	 are	 obviously	 difficult	 to	 be	
evaluated	by	a	questionnaire.

Conclusion
Oral	 cancer	 has	 a	 significant	 impact	 on	 the	 QOL	 of	 the	
patients.	 They	 lose	 their	 global	 QOL	 by	 about	 44.5%	
though	 they	 maintain	 their	 physical,	 role,	 emotional,	
cognitive,	and	social	 functioning	at	a	higher	 level.	Fatigue,	
pain,	 and	 insomnia	 are	 the	 top	 three	 general	 oncological	
symptoms	 in	decreasing	order	of	 frequency	whereas	 sticky	
saliva,	 trouble	with	eating,	and	opening	of	mouth	were	 the	
top	three	symptoms	specific	to	head	and	neck	in	our	cohort	
of	patients.	The	use	of	pain	killers	and	weight	loss	was	also	
very	common	among	the	patients.

The	 stage	 of	 the	 tumor	 had	 a	 significant	 impact	 on	 the	
QOL	 of	 the	 patients.	 Patients	 with	 small	 tumors	 (initial	
stage)	had	significantly	better	QOL	than	patients	with	large	
tumors	 (advanced	 stage).	 Other	 parameters	 such	 as	 age,	
gender,	 location	 of	 the	 tumor,	 and	 time	 after	 the	 1st	 year	
of	 treatment	 (1–5	 years)	 did	 had	 significant	 impact	 on	 the	
QOL	of	the	patients.

A	 simple	 and	 explicit	 questionnaire	 as	 used	 in	 our	 study	
helps	 in	 quickly	 screening	 for	 the	 symptom	 burden	
and	 QOL	 of	 the	 patients.	 This	 would	 definitely	 help	 in	
delivery	of	better	symptom‑directed	therapies.	The	EORTC	
questionnaires	QLQ	30	and	QLQ	H	and	N‑35	proved	to	be	
very	 appropriate	 instruments	 to	 evaluate	 QOL	 in	 patients	
with	 oral	 cancer.	 Assessment	 of	 QOL	 should	 receive	
adequate	attention	in	treatment	planning	and	rehabilitation.
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Introduction: 
Third molar impaction surgery is a common dental procedure that 
requires a sound understanding of surgical principles. Often the 
removal of impacted lower third molar involves trauma to the soft 
and hard tissues due to retraction of a mucoperiosteal flap and the 
removal of bone, which is frequently followed by edema of varying 
degree, pain and at times trismus.

Overtime, standards have been established as benchmarks for 
treatment. Those standards are the same, such as timing for 
surgery, flap design, instrumentation, extent of bone removal, 
irrigant used, sectioning methods and suturing.

Over the year's different types of irrigant solutions like normal 
saline, ringers lactate, 1% povidine iodine, etc. have been used for 
the removal of impacted lower third molar to prevent irreversible 
bone necrosis caused by the heat generated.

Saline is the most commonly used irrigant not just in surgeries but 
even for cleaning of wounds. It has a good cleansing effect on the 
tissue and is isotonic. It has minimal toxicity on tissue and is used in 
third molar surgeries commonly to produce a cooling effect on the 
heat produced during bone cutting. Although it does not 
contribute directly to the healing process postoperatively, its 
cleansing action reduces the chances of postoperative infection.

Studies have shown Ozone has a positive influence on bone 
metabolism and reparative process of the bone and even 
decreases the microbial load at the site. It is noted that the 
influence of ozone leads to a higher expression of cytokines that 
are important for wound healing, especially TGF-β1, an important 
substance for regulation and coordination in the initial wound 
healing phase.

The impact of ozone on epithelial wound healing in oral cavity was 
observed by Filippi. It was found that ozone-water speeds up the 
angiogenesis, healing rate in the oral mucosa, even decreasing the 
bleeding in the surgical area thereby, influencing the post-
operative healing, pain and subsequent swelling and trismus after 
surgical procedure. Ozone therapy has great potential in the 
treatment of various conditions encountered in dental practice. 

In this study we assessed the effect of ozonated water as an 
irrigant in 3rd molar surgery and compared its outcomes with 
those of normal saline.

Aim of the study: To evaluate the effect of ozonated water on 
post-operative pain, trismus and swelling following the surgical 
removal of impacted mandibular third molar.

Objective of the study: 
To assess the response to the use of ozonated water and normal 
saline as irrigant following the surgical removal of impacted 
mandibular third molar.

To compare the results of both techniques in post-operative period 
with regards to pain, swelling and trismus.

Subjects and Methods: The study was a prospective, in-vivo, 
clinical study with patients undergoing surgical removal of 
mandibular third molars. 90 Patients reporting to the Department 
of Oral and Maxillofacial Surgery, KLE V.K. Institute of Dental 
Sciences, Belgaum, who gave consent to participate,were selected 
for the study. Ozonated water was used as irrigant in 45 surgical 
sites taken as study groupand in other 45 sites normal saline was 
used as irrigant taken as control.

Materials:
Ozonated water
Saline water

Inclusion criteria:
Ÿ Patients between the Age group of 16 - 45 years.
Ÿ Patients requiring surgical removal of impacted third molars 

for either prophylactic or therapeutic reasons
Ÿ Patients with no contradictions to the drugs or anesthetic used 

in the surgical protocol.

Exclusion criteria:
Ÿ Medically compromised patients
Ÿ Patient unwilling to participate in study
Ÿ Patient allergic to any medications.

Methodology:
The study comprised 90 randomly selected patients (envelope 
method) with mandibular impacted third molar, diagnosed by 
established clinical and radiographic parameters and were 
alternatively grouped in 2 groups irrespective of age, sex, difficulty 
in impaction and their response to various drugs to eliminate bias. 
The position of impacted tooth was assessed using PEDERSON'S 
DIFFICULTY INDEX and tooth with a score of 5 or more were 
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Aims: The objective of this study was to evaluate the effect of ozonated water as an irrigant, on post-operative pain, trismus and 
swelling following the surgical removal of impacted mandibular third molar as compared with conventional saline.
Settings and Design: 90 Patients reporting to the Department of Oral and Maxillofacial Surgery, KLE V.K. Institute of Dental 
Sciences, Belgaum, from a period of September 2014 to September 2016, who consented to participate, were selected randomly 
(envelope method) for this prospective study.
Methods and Material: Ozonated water was used as irrigant in 45 surgical sites taken as study group and in other 45 sites 
normal saline was used as irrigant, taken as control. Medically compromised patients were not included in the study. Patients were 
alternatively grouped in 2 groups irrespective of age, sex, difficulty in impaction and their response to various drugs to eliminate 
bias. The follow up was on post-operative day 3 and day 7.
Statistical analysis used: Paired 't' test, Mann-Whitney U-test, Wilcoxon matched pair test. 
Results: The results showed that pain (p< 0.001), trismus(p<0.001) and swelling (p1<0.001, p2<0.001, p3<0.001) were far less 
in patients where ozonated water was used as compared to normal saline for day3 as well as for day7 they showed pain(p=0.002), 
trismus(p=0.026), swelling (p1=0.001, p2<0.001, p3=0.001).Thus we feel that ozonated water is a superior irrigant.
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included in the study. All the patients were screened for inclusion 
and exclusion criteria. The patients of both groups were given 
same antibiotics and analgesics post-operatively:

Antibiotics- Amoxicillin 500mg
Analgesics- Diclofenac Sodium 50mg 
The patients were grouped into:

Study Group-Sites where Ozonated water was used as an irrigant 
solution for surgical removal of mandibular 3rdmolar.

Control Group- Sites where conventional method i.e. normal 
saline was used as an irrigant for surgical removal of mandibular 
3rdmolar.

Pre-operative Assessment
� Hb                                          
� BT                                           
� CT             
� RBS     
� OPG or IOPA

Surgical Protocol: Assigned patients underwent surgical 
procedure in the oral surgery unit by an experienced surgeon. 
Patients were alternatively grouped and in study group Ozonated 
water was used as irrigant whereas in control group normal saline 
was used as irrigant.Regional anaesthesia was applied by blocking 
the inferior alveolar nerve, lingual nerve, long buccal nerve with 
2% lignocaine plus adrenaline, 1: 80,000.A full thickness incision 
was made to prepare a trapezoidal flap.Flap was raised and 
ostectomy and odontotomy performed using bur on straight hand 
piece under abundant irrigation with the respective irrigant. After 
completing the extraction, curettage of the socket was 
performed.The flap was repositioned and sutured with 3-0 silk 
sutures.All patients received post-extraction instructions. Patients 
of both groups received same antibiotics and analgesics.Patients 
were recalled on 3rd and 7thday for follow-up and evaluated for 
pain, trismus and swelling. Sutures were removed after 7days.

Ozone therapy: The Ozonated water was produced using an 
ozone generator (SY-G009L; OEM Collecting industrial co; Delhi) 
concentration of ozone in water 11-12 µg/ml. This was achieved 
by passing the ozone gas produced by the ozone generator 
through distilled water for 15 to 20minutes. Half a quart of 
ozonated water with required concentration of ozone was 
produced in a time span of 20 minutes.

Evaluation Criteria:
Ÿ Patients were provided with a STANDARD VISUAL ANALOG 

SCALE (VAS) data sheet with a score of 0-10. A score of 0-10 
indicates no pain to extremely severe pain.

Ÿ Patients were asked to record and score on sheet, pain for next 
consecutive 7 days at the same time of the day.   

Ÿ Trismus and swelling was checked on the follow up day, i.e. 
3rdand 7th post-operative day.

Ÿ Trismus was checked by measuring the inter-incisal distance.
Ÿ Swelling was measured by means of validated landmarks and 

evaluating the difference between the preoperative and on 
follow up days (TRAGUS-CORNER OF THE MOUTH DISTANCE, 
TRAGUS- POGONION, LATERAL CANTHUS � ANGLE OF 
MANDIBLE)

This study was to evaluate:
1. Pain score
2. Swelling
3. Trismus

By the use of ozonated water in comparison with conventional 
normal saline as an irrigant solution.

Follow up: Clinical follow up of 1 week post operatively

Results: The distribution of male and female in the two groups 
was 23 (51.11%) in both groups and 22(48.89%) in both groups. 
The sex distribution in both groups was same to eliminate any 
variation in results due to different gender.(table 1)

PAIN: This variable was measured using the Visual Analog 
Scale(VAS). The pre-operative reading was taken as baseline. The 
pain was measured on post-operative day 3 and on post-operative 
day 7. The difference between the readings on post-operative day 
3 and baseline readings was considered as the pain score for post-
operative day 3 for both groups. Similarly, the difference between 
the readings on post-operative day 7 and the baseline readings 
was considered the score for post-operative day 7 for both groups. 
The comparison between the scores showed that they were lesser 
for ozone group indicating that patients irrigated with ozonated 
water experienced lesser post-operative pain. The p value for post-
operative day3 was <0.001 and that for post-operative day 7 was 
0.002 indicating the difference to be statistically significant. (table 
4).

TRISMUS: This variable was measured by measuring the 
interincisal distance. The pre-operative measurement was taken as 
baseline. The measurements were also taken on post-operative 
day 3 and on post-operative day 7. The difference between the 
measurements on post-operative day 3 and baseline 
measurements was considered as the trismus score for post-
operative day 3 for both groups. Similarly, the difference between 
the measurements on post-operative day 7 and the baseline 
measurements were considered the score for post-operative day 7 
for both groups. The comparison between the scores showed that 
they were greater for ozone group indicating that patients 
irrigated with ozonated water experienced lesser post-operative 
trismus. The p value for post-operative day3 was <0.001 and that 
for post-operative day 7 was 0.026 indicating the difference to be 
statistically significant. (table 5).

SWELLING: The swelling being a three-dimensional variable was 
measured by taking into account the following reference points: -
Swelling A- distance from angle of mandible to corner of eye.
Swelling B- distance from corner of mouth to Tragus.
Swelling C- chin from Pogonion to Tragus.

SWELLING A: This variable was measured by measuring the 
distance from the angle of mandible to the corner of eye. The pre-
operative measurement was taken as baseline. The measurements 
were also taken on post-operative day 3 and on post-operative day 
7. The difference between the measurements on post-operative 
day 3 and baseline measurements was considered as the swelling 
score in this region for post-operative day 3 for both groups. 
Similarly, the difference between the measurements on post-
operative day 7 and the baseline measurements were considered 
the swelling score in this region for post-operative day 7 for both 
groups. The comparison between the scores showed that they 
were lesser for ozone group indicating that patients irrigated with 
ozonated water experienced reduced post-operative swelling in 
the region from the angle of mouth to corner of eye. The p value 
for post-operative day3 was <0.001 and that for post-operative 
day 7 was 0.001 indicating the difference to be statistically 
significant. (table 6).

SWELLING B: This variable was measured by measuring the 
distance from the corner of mouth to the tragus. The pre-operative 
measurement was taken as baseline. The measurements were also 
taken on post-operative day 3 and on post-operative day 7. The 
difference between the measurements on post-operative day 3 
and baseline measurements was considered as the swelling score 
in this region for post-operative day 3 for both groups. Similarly, 
the difference between the measurements on post-operative day 
7 and the baseline measurements were considered the swelling 
score in this region for post-operative day 7 for both groups. The 
comparison between the scores showed that they were lesser for 
ozone group indicating that patients irrigated with ozonated 
water experienced reduced post-operative swelling in the region 
from the corner of mouth to the tragus. The p value for post-
operative day3 was <0.001 and that for post-operative day 7 was 
<0.001 indicating the difference to be statistically significant. 
(table7).

SWELLING C: This variable was measured by measuring the 
distance from the Pogonion to the tragus. The pre-operative 
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measurement was taken as baseline. The measurements were also 
taken on post-operative day 3 and on post-operative day 7. The 
difference between the measurements on post-operative day 3 
and baseline measurements was considered as the swelling score 
in this region for post-operative day 3 for both groups. Similarly, 
the difference between the measurements on post-operative day 
7 and the baseline measurements were considered the swelling 
score in this region for post-operative day 7 for both groups. The 
comparison between the scores showed that they were lesser for 
ozone group indicating that patients irrigated with ozonated 
water experienced reduced post-operative swelling in the region 
from the Pogonion to the tragus. The p value for post-operative 
day3 was <0.001 and that for post-operative day 7 was 0.001 
indicating the difference to be statistically significant. (table 8)

DISCUSSION:
Ozone also known as triatomic oxygen and trioxygen is a naturally 
occurring compound consisting of three oxygen atoms [6]. It is a 
naturally found gas in the upper atmosphere which filters 
potentially damaging ultraviolet light from reaching the Earth's 
surface [6]. Its molecular weight is 47,98g/mol [5]. Ozone is 
thermodynamically highly unstable compound, dependent on 
system conditions like temperature, pressure and it decomposes to 
pure oxygen with a short half-life [5].

In 1840, Shonbein named the substance, which gave odor ozone, 
from the Greek word �ozein�- to smell. Ozone has a long history 
of research and clinical applications [6]. Ozone therapy was 
accepted as an alternative medicine in the USA from 1880 and has 
been used for over 130 years in twenty countries throughout the 
world [7]. During World War I, ozone gas was used for treating 
gaseous post-traumatic gangrene, infected wounds, mustard gas 
burns and fistulas in German soldiers [6].
 
E.A. Fisch was the first dentist to use ozone in his practice in the 
1930s. He used ozonated water during dental surgeries to aid in 
disinfection and wound healing. Today ozone therapy is used 
extensively in Europe in both dentistry and medicine. [7]

Ozone therapy can be defined as a versatile bio-oxidative therapy 
in which oxygen/ozone is administered via gas or dissolved in 
water or oil base to obtain therapeutic benefits. [7] Ozone therapy 
is proving to be a new therapeutic modality with great benefits for 
patients. The potent antimicrobial power of ozone, along with its 
capacity to stimulate the circulatory system and modulate the 
immune response, makes it a good therapeutic agent.

Previous studies have shown significant improvement in the use of 
therapeutic ozone on post-operative pain trismus and swelling as 
compared to normal saline [2].

In a placebo-controlled, randomized double blind study, the 
healing process of three identical wounds of the oral mucosa in 30 
p a t i e n t s  w h i c h  w e r e  e x a m i n e d  p l a n i m e t r i c a l l y , 
immunohistochemically and micromorphologically, one third of 
the wounds were irrigated without pressure every day using 
ozonized water (concentration 11-12 µg ozone/ml water), the 
next third using water, and the last third remained without any 
treatment. The application of ozonized water clearly showed an 
acceleration of wound healing within the first 48 hours, resulting 
in earlier epithelial wound closure after 7 days [1].

Wound hypoxia is necessary for leukocyte adherence, 
neovascularization, collagen formation, and bone formation; 
however, chronic wound hypoxia blunts polymorphonuclear and
antibacterial activity, cellular energy metabolism, collagen 
synthesis, and neovascularization.

The role of oxygen in wound healing is many-fold as discussed by 
Craig L Broussard in his review of literature on hyperbaric oxygen 
and wound healing.  He said that disruption of microcirculation is 
the first event causing to wound hypoxia which remains in chronic 
wounds. Cellular energy metabolism is dependent on oxygen, 
specifically the production of adenosine triphosphate (ATP). Even 
though cellular energy metabolism can exist in an anaerobic state, 

hypoxia leads to acidosis. Anaerobic metabolism requires more 
utilization of glucose to provide the same level of energy as ATP 
resulting in inadequate ATP to maintain cellular function in the 
wound. Platelets exposed to fibrin release cytokines that serve as 
chemotactants, recruiting fibroblasts and macrophages to the site 
of injury. Oxygen consumption is increased as leukocytes migrate 
to the wounded area, adding to the already hypoxic state of the 
wound. An oxygen environment of 40 mmHg is needed to sustain 
fibroblast activity that leads to collagen deposition in a healing 
wound. Collagen synthesis is dependent on proline and lysine, 
which hydroxylate oxygen to produce collagen. The ability of 
macrophages to phagocytize bacteria is greatly reduced in hypoxic 
tissue because hypoxic tissue decreases the oxidative killing of 
bacteria by the macrophages. Macrophages also produce 
cytokines that promote angiogenesis, specifically vascular 
endothelial growth factor. Epithelial growth factor is also oxygen 
dependent with decreased epithelialization in a hypoxic 
environment. Oxygen in wound healing, as well as the effects of 
hyperbaric oxygenation promote wound healing. Also the use of 
hyperbaric oxygenation is a viable adjunct to faster healing. [3].
Bysan A et al. suggested that application of ozone gas for a period 
of 10 to 20 seconds results in

99% of the microorganisms being destroyed [5]. Ozonated water 
is very much effective in killing gram positive, gram negative oral 
microorganisms. Ozone significantly reduces the oral microbial 
load. Significant reduction in bacterial count in the sites irrigated 
with ozonized water has been reported along with antiseptic 
properties of ozonated water [4].  Ozone gas has a high oxidation 
potential and is effective against bacteria, viruses, fungi, and 
protozoa. It is highly valued for various effects, such as 
antimicrobial, analgesic and immune-stimulating on biological 
systems. These mechanisms of action are supported with a lot of 
case reports and scientific studies which allow using it in different 
fields of medicine [5]. Application of ozone for a period of 10 
seconds was also capable of reducing the number of 
Streptococcus mutans and Streptococcus sobrinus in vitro. [6]
 
The antimicrobial effect of ozone is studied the most. The main 
reason for cell death is the local damage of cytoplasmic membrane 
due to ozonolysis of dual bonds, and also ozone-induced 
modification of intracellular contents (oxidation of proteins, loss of 
organel functions) because of secondary oxidants effects. This 
action is non-specific and selective to microbial cells; it does not 
damage human body cells because of their major antioxidative 
ability. Ozone is very efficient in antibiotics resistant strains. Its 
antimicrobial activity increases in a liquid environment of acidic pH. 
In viral infections the mechanism of ozone action lies in the 
intolerance of infected cells to peroxides and change of activity of 
reverse transcriptase, which takes part in synthesis of viral proteins. 
[6]

In a clinical survey Stübinger et al. described the local effectiveness 
of ozone on infected intraoral wounds following high-dose 
radiotherapy. Ozone has a therapeutic effect that facilitates 
wound healing and improves the supply of blood. [5]
 
Guerra et al.17 compared the use of ozonated oil in an 
experimental group to a control group in which Alvogil and 
antibiotic therapy was used in the treatment of alveolitis. Patients 
treated with Oleozon healed more quickly without the need for 
systemic medication when compared to the control group. This 
finding suggests ozonated oil might be effective in the treatment 
of alveolitis [5]. 

Irrigation of a surgical site with ozonated water speeds healing and 
helps remineralize the bone. Thus, ozonated water would be 
helpful for extractions, cavitational surgery and implant surgery. 
[5]

The comparison with saline, shows that the enhancement of 
healing is due to the ozone-oxygen mixture and not due to the 
effect of irrigation or saline alone. The microbiological properties 
should be noted, these being clearly more accentuated in solution 
than in a dry ozone-air mixture. The wound receives more oxygen 
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when ozonised water is applied. The modification of wound 
healing under application of oxygen is well known [1].

Studies have shown Ozone has a positive influence on bone 
metabolism and reparative process of the bone and even 
decreases the microbial load at the site. It is noted that the 
influence of ozone leads to a higher expression of cytokines that 
are important for wound healing, especially TGF-�1, an important 
substance for regulation and coordination in the initial wound 
healing phase [5]. 

Ozone causes the synthesis of biologically active substances such 
as interleukins, leukotrienes and prostaglandins. Ozone influences 
cellular and humoral immune system; it stimulates proliferation of 
immunocompetent cells and synthesis of immunoglobulins. It also 
activates function of macrophages and increases sensitivity

of micro-organisms to phagocytosis. Ozone brings about the rise 
of pO2 in tissues and improves transportation of oxygen in blood, 
which results in change of cellular metabolism � activation of 
aerobic processes (glycolysis, Krebs cycle, B-oxidation of fatty 
acids) and use of energetic resources. It also prevents formation of 
erythrocytes aggregates and increases their contact surface for 
oxygen transportation. Ozone causes secretion of vasodilators 
such as NO, which are responsible for dilatation of arterioles and 
venules. It also activates mechanisms of protein synthesis, increase 
number of ribosomes and mitochondria in cells. These changes on 
the cellular level explain elevation of functional activity and 
regeneration potential of tissues and organs. [6]
 
It was found that ozone-water speeds up the angiogenesis, 
healing rate in the oral mucosa, even decreasing the bleeding in 
the surgical area thereby, influencing the post-operative healing, 
pain and subsequent swelling and trismus after surgical 
procedure. Ozonised water has found its place in the disinfection 
of dental units; it may be kept free or practically free of germs over 
a long period [1]. 

Ozone therapy presents a potential for an atraumatic, biologically-
based treatment for conditions encountered in dental practice. 
The therapy has been more beneficial than present conventional 
therapeutic modalities that follow a minimally invasive and 
conservative application to dental treatment. Further research is 
needed to standardize indications and treatment procedures of 
ozone therapy. [5]
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Table 1: Distribution of male and females in two groups (I, II)

Table 2: Distribution of male and females in two groups (I, II)

Table 3: Normality of all variables at baseline by 
Kolmogorov-Smirnov Test

*p>0.05 indicates follows normal distribution.

Table 4: Comparison of two groups (I, II) with respect to VAS 
scores at baseline, day 3 and day 7 by Mann-Whitney U test

*p<0.05, # applied Wilcoxon matched pairs test

Table 5: Comparison of two groups (I, II) with respect to 
Trismus scores at baseline, day 3 and day 7 by Mann-
Whitney U test
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Sex Group I % Group II % Total

Male 23 51.11 23 51.11 46

Female 22 48.89 22 48.89 44

Total 45 100 45 100 90

Sex Group I Group II Total

Mean SD Mean SD Mean SD

Male 28.23 7.57 28.43 7.46 28.33 7.43

Female 27.95 7.48 27.95 7.48 27.95 7.39

Total 28.09 7.44 28.20 7.39 28.15 7.37

Variables Group I Group II
Z-value p-value Z-value p-value

VAS .178 .001 .175 .001
Trismus .300 .000 .281 .000

Swelling 1 .400 .000 .338 .000

Swelling 2 .305 .000 .251 .000
Swelling 3 .332 .000 .293 .000

Gro
ups

Baseline Day 3 Day 7 Changes from

BL-Day 3 BL-Day 7 Day 3-
Day 7

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Gro
up I

1.67 1.3
5

1.98 0.8
4

0.69 0.6
0

-0.31 1.3
6

0.98 1.2
7

1.29 07
3

Gro
up II

1.73 1.2
0

5.11 1.5
4

1.62 0.8
3

-3.38 1.7
0

0.11 1.3
9

3.49 1.5
2

% 
of 

cha
nge 
in 

Gro
up I

-15.98% 
#, 

<0.001*

55.78% 
#, 

<0.001*

65.37% 
#, 0.700

% 
of 

cha
nge 
in 

Gro
up II

-218.03
% #, 

<0.001*

2.76% #, 
<0.001*

66.73%
 # 

<0.001*

Z
-val
ue

-0.332 -7.816 -5.273 -6.952 -3.031 -6.91

P
-val
ue

0.74 <0.001* <0.001* <0.001* 0.002* <0.001*

Gro
ups

Baseline Day 3 Day 7 Changes from

BL-Day 3 BL-Day 7 Day 3-
Day 7

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Gro
up I 3.9 0.45 3.6

0.4
2 3.96

0.3
0 0.30

0.4
6 -0.06

0.4
3 -0.36

0.4
1

Gro
up 
II

3.87 0.46 2.79 0.6
4

3.71 0.3
5

1.08 0.7
1

0.1560.5
0

-0.92 0.6
5

% 
of 

cha
nge 
in 

Gro
up I

6.97% #, 
<0.001*

-2.54% 
#, 

<0.001*

-11.04% 
#, 0.002*

% 
of 

cha
nge 
in 

Gro
up 
II

27.15% 
#, 

<0.001*

2.92% 
#, 

<0.001*

-42.52% 
#, 

<0.001*

Z
-val
ue

-0.511 -5.872 -3.643 -5.354 -2.221 -4.465

P
-val
ue

0.609 <0.001* <0.001* <0.001* 0.026* <0.001*



*p<0.05, # applied Wilcoxon matched pairs test

Table 6: Comparison of two groups (I, II) with respect to 
swelling A scores at baseline, day 3 and day 7 by Mann 
Whitney U test

*p<0.05, # applied Wilcoxon matched pairs test

Table7: Comparison of two groups (I, II) with respect to 
swelling B scores at baseline, day 3 and day 7 by Mann 
Whitney U test

*p<0.05, # applied Wilcoxon matched pairs test

Table 8: Comparison of two groups (I, II) with respect to 

swelling C scores at baseline, day 3 and day 7 by Mann-
Whitney U test

*p<0.05, # applied Wilcoxon matched pairs test.

Figure 1: Comparison of two groups (I, II) with respect to 
VAS scores at baseline, day 3 and day 7

Figure 2: Comparison of two groups (I, II) with respect to 
Trismus scores at baseline, day 3 and day 7

Figure 3: Comparison of two groups (I, II) with respect to 
swelling A scores at baseline, day 3 and day 7
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Gro
ups

Baseline Day 3 Day 7 Changes from

BL-Day 3 BL-Day 7 Day 3-
Day 7

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
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up I 10.37

0.5
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-6.30% 
#, 

<0.001*

14.58% 
#, 

<0.001*

Z
-val
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-0.848 -6.070 -4.005 -5.930 -3.182 -5.052

P
-val
ue

0.397 <0.001* <0.001* <0.001* 0.001* <0.001

Gro
ups

Baseline Day 3 Day 7 Changes from

BL-Day 3 BL-Day 7 Day 3-
Day 7

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
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4
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1
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9
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9
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8
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7

%
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in 
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#, 
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8.55% #, 
<0.001*
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of 
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in 
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#, 

<0.001*
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#, 

<0.001*
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#, 

<0.001*

Z
-val
ue

-1/371 -6.510 -5.229 -5.145 -3.814 -3.329

P
-val
ue

0.170 <0.001* <0.001* <0.001* <0.001* 0.001*
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Baseline Day 3 Day 7 Changes from

BL-Day 3 BL-Day 7 Day 3-
Day 7

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
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2

-1.11 0.9
1

-0.11 0.4
8

1.0 0.8
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P
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0.23 <0.001* <0.001* <0.001* 0.001* <0.001*
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Figure 4: Comparison of two groups (I, II) with respect to 
swelling B scores at baseline, day 3 and day 7

Figure 5: Comparison of two groups (I, II) with respect to 
swelling C scores at baseline, day 3 and day 7

PROFILE PICTURES OF PATIENT IN GROUP OZONE

PRE-OPERATIVE:

POST-OPERATIVE DAY 3:

POST-OPERATIVE DAY7:

PROFILE PICTURES OF PATIENT IN SALINE GROUP
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Oral myiasis is a rare condition caused by the invasion of tissues by larvae of flies. The condition 
commences as benign and asymptomatic, further progressing to mild to acute pain and in extreme 
cases may cause death of the patient. Poor oral hygiene and persistent mouth opening due to various 
reasons is the main predisposing factor. This is a case report of oral myiasis in a 15 year old boy 
suffering with cerebral palsy. Due to lip incompetence, gingival enlargement and lack of oral 
hygiene this condition was set in motion. Total of 38 larvae were found in upper anterior gingival 
sulcus. The diagnosis was based on the visualization of wriggling larvae. Treatment consisted local 
debridement of wound with manual removal of the larvae using turpentine oil and oral hygiene 
maintenance. Patient was on follow-up since six months. With this conservative management the 
resolution of the condition was extremely satisfactory. 
 
 
 
 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
  

  
 
 

 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 
  

 
 

 

INTRODUCTION 
 

The term Myiasis derived from the Greek word “myia” 
meaning fly and “iasis” meaning disease was coined by Hope 
in 1840.1 Myiasis is defined as infestation of live human and 
vertebrate animals with dipterous larvae which feed on the 
host’s dead or living tissue, liquid body substances, or ingested 
food.2 The most common sites for myiasis are the nose, eye, 
lung, ear, anus, vagina and more rarely, in the oral cavity.3 
 

Lawrence first described oral myiasis in 1909.4 It is a rare 
condition that can occur in any part of globe but the incidence 
is more in regions with warm and humid climate like tropical 
countries.5 

 

Myiasis can be classified as given below6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The condition can be completely benign and asymptomatic, 
result in mild to acute pain, or in extreme cases cause death of 
the patient. Predisposing factors for oral myiasis are extraction 
wounds, poor oral hygiene, senility, mouth breathing during 
sleep, suppurative lesions, necrotic tissues, diabetes and 
perivascular diseases mainly in the elderly, severe halitosis, 
alcoholism, cerebral palsy, mental retardation and hemiplegia, 
and factors that favor persistent non-closure of the mouth. 
Cases of oral myiasis have been reported to occur following 
dental extraction, nosocomial infection, in drug addicts, 
following visits to tropical countries, and in psychiatric 
patients.7,8 
 

This report describes a case of gingival myiasis in the maxillary 
anterior region in a child with cerebral palsy. 
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Classification Criteria Subtypes 

Based on Substrate 
1. Primary Myiasis: Caused by biophagous larvae which feed on living tissue. 
2. Secondary Myiasis: Caused by the necro-biophagous flies which feed on dead tissue. 

Based on degree of the 
host dependence 

1. Obligatory Myiasis: The fly larvae are completely parasitic and depend upon the host for completion of their life cycle. 
2. Facultative Myiasis: The fly larvae are free living and only circumstantially adapt themselves to parasitic dependence to a host. 

According to the mode 
of infestation 

1. Accidental Myiasis: The larvae ingested accidentally with food produce infection. 
2. Semi specific Myiasis: The larvae are laid on necrotic wound. 
3. Obligatory Myiasis: The larvae affect undamaged skin. 

Depending upon the 
anatomic sites 

1. Cutaneous Myiasis. 
2. Myiasis Of External Orifices: Oral, nasal, ocular, aural, anal, genital regions. 
3. Myiasis Of Internal Organs: Intestinal, urinary region. 
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Case history 
 

A 15 year old boy with cerebral palsy referred by department 
of neurology to our department with the complaint of swelling 
in upper front teeth region and a fetid odor since three days. 
His parents also noticed worm-like structures in upper front 
teeth region. He was not taking any medication for cerebral 
palsy. On examination, patient had incompetent lips, and 
prognathic maxilla which leads to inability to close the mouth 
and very poor oral hygiene(Fig.1). Intraoral examination shows 
generalized gingival enlargement with live maggots and 
necrotic tissue in the gingival sulcus of upper central and lateral 
incisor(Fig.2). Deep pockets were present in relation to labial 
and palatal gingiva and contained about 10-12 visible living 
maggots. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  

Radiographic examination revealed no abnormality in the 
underlying bones or paranasal sinuses. Other routine 
investigations were normal. 
  

Initially the superficial maggots were removed manually using 
forceps after which the area was meticulously irrigated with 
saline. A small gauze piece impregnated with turpentine was 

then placed at the opening of the wound for five minutes. 10-12 
maggots were seen emerging out from the wound, which were 
then manually removed, with the help of clinical forceps, and 
sent for entomological examination (Fig.3). 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

This procedure was performed twice daily and total of 38 
maggots were removed. By the fourth day, the oral cavity was 
free from maggots with satisfactory soft tissue healing (Fig.4). 
Tab. Amoxicillin 250 mg TID for five days was prescribed to 
prevent secondary infection. Oral hygiene instructions and 
reinforcement (to the parents and guardians) was carried out 
extensively. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  

Entomological report revealed that the maggots were larvae of 
house-fly (Musca nebulo). 
 

DISCUSSION 
  

Musca nebulo is the commonest Indian house fly. The life 
cycle of a fly begins with the egg stage followed by the larva, 
the pupa and finally the adult fly. The developmental evolution 
via the larval stage requires an intermediate host.9,10 
  

The patient in the present case was of low socio-economic 
status having poor living conditions. The poor oral hygiene, 

 
 

Figure 1 Patient had incompetent lips, and prognathic maxilla which leads 
to inability to close the mouth. 

 

 
 

 

 

 

Figure 2 Generalized gingival enlargement with live maggots and necrotic 
tissue in the gingival sulcus of upper central and lateral incisors. 

 

 
 

Figure 3 Maggots removed from oral cavity. 
 

 
 

Figure 4 4th day, the oral cavity was free from maggots with satisfactory 
soft tissue healing. 
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lack of manual dexterity, lip incompetence, open bite and 
residence in a rural area were considered to be predisposing 
factors for larval infestation in this patient. The periodontal 
pockets contributed for the mechanical support, and provided 
suitable substrate and temperature for the survival of the larvae. 
  

Moreover, the patient was dependant on his relatives for 
routine activities which leads to poor oral hygiene and he 
becomes the prime target for this condition. 
  

The standard treatment options includes the local debridement, 
manual removal of larvae, oral hygiene maintenance and 
antimicrobial therapy for secondary infection. 
  

The local application of chemical substances like turpentine oil, 
mineral oil, ether, chloroform, ethyl chloride, phenol, calomel, 
olive oil and iodoform can be used to promote larval asphyxia 
and inducing them to exit out of the wound to ensure complete 
removal of larvae.11,12,13 Larvae rupture must be avoided. 
Failure to complete removal of the maggot can lead to foreign 
body reactions.6 
  

Systemic treatment includes, the Ivermectin in doses of 150-
200 mcg/kg body weight and repeated after 24 hours.13 The 
ivermectin acts by blocking the nerve endings through the 
release of gamma amino butyric acid leading to palsy and 
causes parasitic death and spontaneous elimination by washing 
out the larvae.12 
  

Ivermectin is contraindicated in children under the age of five 
years, or those who weight less than 15 kilograms and those 
who have a hepatic or renal disease.14 In the current case 
patient is underweight so the use of ivermectin was avoided 
and broad spectrum antibiotics were given to prevent secondary 
infection. 
  

As the old saying goes “prevention is better than cure” the 
disease should be prevented by maintaining good oral and 
personal hygiene. Special care needs to be taken in medically 
compromised, mental and/or physical disability patients as they 
are unable to maintain their basic oral hygiene. Awareness 
among the parents of such patients should be created to prevent 
the recurrence. 
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effect on Streptococcus Mutans failed to show any inhibition. 
The addition of  CPP-ACP to Glass Ionomer Cement did 
not have any additional effect on the inhibition. The time 
intervals at 1st day, 3rd day, 7th day, 12th day did not show 
any inhibition. The Glass Ionomer, GC Tooth Mousse™ 
and the combination of  the two materials do not show 
any anti-microbial activity against standard strains of  
Streptococcus Mutans.
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Letter to the Editor

Dear Sir

Casein Phosphopeptide- Amorphous Calcium Phosphate 
(CPP-ACP) are nano complexes which have been shown to 
prevent demineralization and promote remineralization.[1]  
CPP-ACP has been shown to interact with fluoride ions 
to produce an additive anti-cariogenic effect through 
formation of  stabilized amorphous calcium fluoride 
phosphate phase.[2] Thus, this study was done to evaluate 
and compare the antibacterial efficacy of  Glass Ionomer 
Cement, CCP-ACP (GC Tooth Mousse) incorporated into 
Glass Ionomer Cement, CCP-ACP (GC Tooth Mousse) 
against standard strains of  Streptococcus Mutans(MTCC 
Number 25175)

A total of  9 samples were made with each of  the three 
groups containing 3 specimens. The discs were prepared 
by using a standard hollow tube of  diameter 0.5x1cm. 
The tube was pre sterilized to avoid contamination. For 
Group A, the Glass Ionomer cement was mixed as per 
the manufacturer’s instruction to fill the hollow tube. The 
set material was retrieved and placed immediately into the 
BHI plate. For Group B specimens, the Glass Ionomer 
cement was mixed with 1 part of  CPP-ACP paste (GC 
Tooth Mousse) and was allowed to set. The set material 
was then immediately transferred to the BHI plate. For 
Group C, the weight of  the disc was determined and an 
equal quantity of  the CPP-ACP paste (GC Tooth Mousse 
batch no. 15 117S) was dispensed onto the BHI plate by 
using a micropipette. [Figures 1a, 1b and 1c] BHI culture 
plates were inoculated with standard strains of  Streptococcus 
Mutans (MTCC Number 25175) using lawn culture.

The plates were incubated at37°c and evaluated at regular 
intervals of  1st day, 3rd day, 7th day, 12th day [Figure 2] and 
the diameter of  inhibition zone around each well was 
recorded in millimetres using a standard measuring scale

No inhibition was seen in any of  the groups. Even the 
conventional Glass Ionomers known to have an inhibitory 

Antibacterial efficacy after Incorporation of CPP-
ACP (GC Tooth Mousse™) into glass Ionomer 
cement against Streptococcus Mutans: A 
preliminary in vitro study

Figure-1: Preparation of specimen

a b c

Figure-2: Zone of Inhibition at 1st , 3rd, 7th and 12th day

[Downloaded free from http://www.pnrjournal.com on Sunday, April 23, 2017, IP: 117.248.88.20]
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The purpose of atraumatic tooth extraction is for maintenance of the bone, thus there has been an 
increased interest for Physics forceps. The Physics forceps works on class 1 lever mechanism which 
is used in atraumatic extractions. 
 

Aims: To evaluate the efficacy of physics forceps over conventional Forceps in orthodontic 
extraction of upper premolars. 
 

Methods and Material: 12 Patients reporting to the Department, for extraction of bilateral upper 
premolars undergoing orthodontic treatment and who consented to participate for the prospective, 
split-mouth study were used.  Physics forceps would be used in on quadrant and the conventional 
extraction forceps in the other quadrant randomly by using lottery system. The follow up was on 
post-operative 1st,3rd & 7th day. 
 

Results: The results showed that time required (sec) pre & post extraction difference of socket 
width, status of gingival laceration & status of cortical plate fracture and pain on and 3rd post 
operative day were far less in physics forceps group than in conventional extraction forceps group. 
For pain on postoperative 7th day does not showed significant difference. 
 

Conclusions: Thus we feel physics forceps are more efficient that conventional extraction forceps in 
atraumatic extraction of teeth. 

 

 
 
 
 
  

  
 
 

 
 
 

 
 

 
 

 

 
 
 
 

 
 

 
 
 

 
 

 

 
 

 
 

 
 
 

 
  

 
 
 

INTRODUCTION 
 

Extraction is a basic & primary procedure of oral surgery. 
 

Normal extraction procedure was carried out using a traditional 
method of extraction using conventional extraction forceps 
required the separation of the periodontal ligament attachment 
and lifting or pulling of the tooth out of the socket with the two 
forceps beaks1. Extraction using conventional extraction 
forceps can actually be thought of as two class 1 lever 
connected with a hinge2. During a period of time there is an 
increased interest in atraumatic treatment and implant insertion. 
Recently, a revolutionary new technological advance in 
atraumatic tooth extraction is developed which primarily uses 
the biomechanical advantages of a class 1 lever, creep and 
stress distribution without the squeezing, grasping, twisting and 
pulling forces3.   
 

Hence, in this study we assess the efficacy of physics forceps 
over conventional forceps in orthodontics extraction of upper 
premolars. 

Subjects and Methods 
 

The study is a prospective, single-blind, split mouth, short 
clinical study with patients for extraction of bilateral upper 
premolar undergoing orthodontic treatment. The study was 
ethically approved by Research and Ethics Committee, KLE 
V.K. Institute of Dental Sciences, KLE University.- 
SI.No.1087. 
 

12 Patients reporting to the Department of oral and 
maxillofacial Surgery, KLE.V.K. Institute of Dental Sciences, 
Belgaum for extraction of bilateral upper premolars undergoing 
orthodontic treatment from a period of October 2015 to April 
2015.Who consented to participate for the prospective, split 
mouth study physics forceps was used in 12 surgical sites of 
one quadrant taken as study group and in other 12 sites of other 
respective quadrant conventional Forceps were used as control 
groups for orthodontic premolar extractions.  Physics forceps 
would be used in on quadrant and the conventional extraction 
forceps in the other quadrant randomly by using lottery system 
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to the follow up was on post-operative 1st day, 3rd day & 7th 
day. 
 

Materials 
 

1. Physics forceps 
2. Conventional Forceps 
3. 2% lignocaine with adrenaline 1:80,000 

 

Study Group-12 premolar extraction using physics forceps. 
Control Group-12 premolar extraction using conventional 
extraction forceps. 
 

Patient between the age group of 15-30 years were included.  
Systemically healthy patients indicated for bilateral maxillary 
premolar extraction undergoing orthodontic treatment were 
included.  Medically compromised patients, any tooth which is 
ankylosed or has a hypercementosis and for dilacerations of the 
roots, patients with oro-facial cancer or under chemotherapy or 
head & neck radiotherapy, tooth associated with 
periodontitis/periapical pathology and patient unwilling to 
participate in the study were excluded. Physics forceps was 
used in one quadrant and the conventional extraction forceps in 
the other quadrant randomly by using lottery system. All the 
patients were screened for inclusion and exclusion criteria. 
 

Surgical Protocol 
 

Assigned patients were undergone surgical procedure in the 
oral surgery unit by an experienced Surgeon. After the 
procedure was explained to the patient, the teeth were 
anesthetized using 2% lignocaine with adrenaline 1:80,000. 
Both the upper premolars were extracted as atraumatically as 
possible uses the physics forceps in the one quadrant and the 
conventional extraction forceps in the other quadrant randomly 
using lottery system. Extraction was done with the physics 
forceps in one quadrant and then after 1 week in the other 
quadrant with the conventional extraction Forceps. Both the 
teeth were extracted by the same operator. Operating time was 
noted from the beginning of the extraction i.e., after the 
injection of local anaesthetic until the tooth is completely 
removed from its socket. Pressure pack was then placed and 
post extraction instructions were given to the patient. The 
operated site was evaluated by a staff member, unaware of the 
type of extraction forceps used on each quadrant. Post 
extraction instructions were given after adequate haemostasis 
was achieved. A simple present / absent format was used for 
the assessment.  
 

The Analgesics prescribed for both study and control group 
was same for all patients if needed. Previous experience of the 
patient during extraction was noted. 
 

Evaluation Criteria: The pre-extraction and post-extraction 
socket width using digital calliper, with physics Forceps and 
conventional extraction technique was evaluated clinically. 
Pain scores was recorded on the 1st, 3rd & 7th post operative 
days using visual analog scale (VAS) with 0 being no pain and 
10 indicating the worst possible pain. Patient was provided 
with a standard visual analog scale (VAS) data with a score of 
0-10. Operating time was recorded with a stop watch from the 
beginning of extraction after the local anaesthetic injected to 
the completion of the extraction5. 
 

RESULTS 
 

The data was collected & was evaluated using Mann-Whitney 
u test, unpaired‘t’ test paired t- test, chi- square with Yates 
correction of wilcoxon matched paired test. 
 

Table (1).  Represents the comparison of two groups (physics 
forceps & convention forceps) with time required (sec) by 
mann-whitney u test which comes to be mean time as 131.75 
sec with physics forceps with a standard deviation of 18.83 sec 
whereas with conventional forceps mean time came to be 
295.17 sec with a standard deviation of 42.31 sec. Thus physics 
Forceps require less time for extraction than conventional 
forceps with significant difference of (p=0.0001). 
 
 
 
 
 
 
 
 
 
 

Table (2).  represents the comparison of two 2 groups (Physics 
forceps & Convention Forceps)  with pre & post extraction 
difference of socket width unpaired t test, which shows means 
difference between pre & post extraction socket width in 
physics forceps group is 0.35 mm with standand deviation of 
0.11 mm and that in conventional forceps group means of 1.38 
with standard deviation of 0.42mm thus in physics forceps 
group the socket expansion is less compared  to conventional 
forceps group with significant difference of (p=0.0001). 
 
 
 
 
 
 
 
 
 
 
 
 

Table (3). Represents comparison of two groups (Physics 
Forceps & conventional Forceps) with status of gingival 
laceration & cortical plate fracture.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Comparison of two groups (Physics forceps and 
Conventional forceps) with time required (sec) by Mann-

Whitney U test 
 

Group Mean SD 
Sum of 
ranks 

U-value Z-value p-value 

Physics forceps 131.75 18.83 78.00    
Conventional 

forceps 
295.17 42.31 222.00 0.00 -4.1569 0.0001* 

 

*p<0.05 

 

Table 2 Comparison of two groups (Physics forceps and 
Conventional forceps) with pre and post extraction socket 

width by unpaired t test 
 

Time Group Mean SD SE t-value p-value 
Pre extraction Physics forceps 8.88 0.28 0.08 0.3312 0.7436 

 Conventional forceps 8.83 0.34 0.10   
Post extraction Physics forceps 9.22 0.31 0.09 -5.7142 0.0001* 

 Conventional forceps 10.22 0.52 0.15   
Difference Physics forceps 0.35 0.11 0.03 -8.3683 0.0001* 

 Conventional forceps 1.38 0.42 0.12   
 

*p<0.05 

 

Table 3 Comparison of two groups (Physics forceps and 
Conventional forceps) with status of gingival laceration and 

cortical plate fracture 
 

Variables 
Physics 
forceps 

% 
Convention
al forceps 

% Total 

Gingival laceration      
Present 1 8.33 11 91.67 12 
Absent 11 91.67 1 8.33 12 

Chi-square with Yates's correction = 13.5001  P = 0.0001* 
Cortical plate fracture      

Present 0 0.00 5 41.67 5 
Absent 12 100.00 7 58.33 19 

Chi-square with Yates's correction =  4.0422  P = 0.0441* 
Total 12 100.00 12 100.00 24 

 

*p<0.05 
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Which show presence of gingival laceration in 1 patient in 
physics forceps group & in all patients in conventional forceps 
group. Thus physics forceps group shows that there is less 
gingival laceration with significant difference of (p=0.0001). 
And in the physics Forceps group cortical plate fracture was 
absent and in conventional forceps group cortical plate fracture 
was observed in 5 patients  which shows significant difference 
of p=0.0441. 
 

Table (4). Represents comparison of 1st day, 3rd day & 7th day, 
with respect to VAS Sore For pain in two group (Physics 
forceps & Conventional forceps) using Mann-Whitney U test 
shows. Physics forceps group had significantly less pain on 1st 
post-operative day than the other group with (p=0.0005) on 3rd 
day & (p=0.003).  The VAS for pain on postoperative 7th day 
does not show significant difference of (p=0.1659). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCUSSION 
 

There have been several exciting technological advances in 
extraction techniques in oral and maxillofacial surgery within 

last few years, such as powered periotome, piezosurgery, 
orthodontic extrusion and lasers2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Physics forceps uses classes 1 lever mechanics to 
atraumatically extract a tooth from its socket. In physics 
forceps one handle of the device is connected to a “bumper”, 
which acts as a fulcrum during the extraction3.  This bumper is 
usually placed on the facial or buccal aspect of the dental 
alveolus, at the mucogingival junction the beak of the forceps 
is positioned most often on the lingual or palatal root of the 
tooth and into the gingival sulcus. The handles are the rotated 
using a firm & steady yet gentle rotational force & then held in 
position under moderate tension for approximately 60 sec. 
Because there is no squeezing applied to the beak, the tooth 
does not split, crush or fracture.  This process allows the tooth 
socket to expand and permits the tooth to exit the socket, when 
a rotating force is applied the physics forceps on the tooth, the 
stress to the tooth and periodontal complex is a shear 
component of force.  The force applied to the gingiva & the 
buccal cortical plate by the bumper is over a greater surface 
area and is a compressive force, thus bracing the buccal bone, 
this permits the lingual plate to expand more and protects the 
facial plate from fracture 3. Thus the expansion of the socket is 
less in physics forceps than in the conventional extraction 
forceps. 
 

Physics Forceps with its steady unrelenting of trauma to the 
periodontal ligament quantitatively creates a greater release of 
hyaluronidase in a shorter period of time than traditional 
forceps or elevator extraction because the trauma from those 
techniques is intermittent. Hence, the use of physics forceps is 
more efficient, faster, & less traumatic to the alveolar bone. 
This pilot study aimed to compare the efficacy of physics and 
conventional forceps regarding the time period required for 
extraction, presence or absence of gingival laceration cortical 
plate fracture, expansion of the socket & pain. 
 

According to Dym and Weiss there is no need to raise a 
mucoperiosteal flap or use an elevator before attempting 
extraction with the physics Forceps.  Thus there is less time 
required as there is no gingival retraction required which take 
about 40-60 sec and prevents gingival laceration. Our study 
was split-mouth study design to reduce the chances of bias and 
there was no operator bias as the same operator extract the 
tooth on both sides of each patient4. However the limitation of 
the study was, there were lacerations seen on the buccal 
mucosa where the bumper of the physics forceps was placed 

Table 4 Comparison of two groups (Physics forceps and 
Conventional forceps) with respect to VAS scores at 1st day, 

3rd day and 7th day by Mann-Whitney U test 
 

Variable Group Mean SD 
Sum of 
ranks 

U-value Z-value p-value 

1st day 
Physics 
forceps 

1.25 0.45 90.00    

 
Conventional 

forceps 
2.33 0.49 210.00 12.00 -3.4641 0.0005* 

3rd day 
Physics 
forceps 

0.17 0.39 87.00    

 
Conventional 

forceps 
1.25 0.45 213.00 9.00 -3.6373 0.0003* 

7th day 
Physics 
forceps 

0.00 0.00 126.00    

 
Conventional 

forceps 
0.33 0.49 174.00 48.00 -1.3856 0.1659 

1st day -3rd 
day 

Physics 
forceps 

1.08 0.29 149.50    

 
Conventional 

forceps 
1.08 0.51 150.50 71.50 -0.0289 0.9770 

1st day -7th 
day 

Physics 
forceps 

1.25 0.45 109.50    

 
Conventional 

forceps 
2.00 0.74 190.50 31.50 -2.3383 0.0194* 

3rd day -7th 
day 

Physics 
forceps 

0.17 0.39 101.00    

 
Conventional 

forceps 
0.92 0.51 199.00 23.00 -2.8290 0.0047* 

 

*p<0.05 
 

 
 

Fig 1 Conventional forceps - gingival laceration 
 

 
 

Fig 2 Physics forceps - extraction 
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for extraction of teeth in the upper arch.  Future prospective 
Studies should be performed for extraction of root stumps and 
grossly decayed teeth, with larger sample size. 
 

CONCLUSION 
 

Thus we conclude that efficacy of physics Forceps is higher 
than that of the conventional extraction forceps in atraumatic 
extraction of maxillary premolars. A study is being performed 
in our department on a larger sample size. 
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Certainly there are recommendations, but little evidence about the rationale for maintaining opd, 
follow-up records and review appointments for patients especially in a dental setup.  
Materials and methods: Third molar surgery was analyzed by prospectively maintained database, 
which underwent surgical removal of impacted third molar teeth. Follow up records and reviews of 
all the patients were evaluated.  
Results: All patients were reviewed .Just over a quarter (29%) visited prior to the appointment to 
obtain further analgesia. 17 complications were recorded at the initial review appointment; 5 patients 
had lingual paresthesia, 9 with inferior alveolar nerve paresthesia, and 3 with swelling.  
Conclusion: It is recommended that more efforts should be made by the Institute/ hospital 
management, clinicians to improve the state of maintenance of patient records, which will help in 
the modification of the treatment protocol so as to give better patient care. 
 
 

 
  

  
 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 

 
 

 

 
 

 
 

 
 
 
 
 
 
 
  

 
 

 

INTRODUCTION 
 

Medical record maintenance is an important step in patient 
management, with time and constant upgradation it has evolved 
into a science. Detailed records help in every aspect of 
treatment planning. Despite improvement in health care 
infrastructure in recent years in India and other developing 
countries, proper documentation still presents a gloomy picture. 
Healthcare institutes commonly see large flow of patients, 
undergoing variety of surgical procedures, which seldom 
experiences serious postoperative complications and hence 
negligence in the aspect of maintaining proper records. The 
benefit of the traditional follow-up & review appointment in 
modern day scenario is therefore a matter for debate.  Records 
form most important aspect in both patient care and medico-
legal purposes in modern dental care scenario and especially in 
oral and maxillofacial setup. Patients are normally followed up 
in outpatient clinics, but there is no consensus about maintain 
opd details, number of appointments, extent of the consultation, 
or the type of any investigations used etc. Literature shows that, 
despite the best intentions, improper record maintenance has 
shown detrimental effects. In our institute we maintained all the 
records using a well-planned perfoma, pattern of follow-up for 
review of patients who were treated and looked for potential 
associations and links with variables such as complications and 
their management, patient satisfaction and outcomes. To do this 
we recorded the number of consultations, review of patient 

postoperatively and final outcome. To show the practicality of 
maintaining documentation we retrospectively analyzed the 
patients who underwent Third molar surgery. The aim was to 
find out the importance of patient record maintenance and to 
see whether all patients need to be reviewed after routine third 
molar exodontia and to assess patient’s satisfaction with their 
management. It also highlighted the incidence of postoperative 
complications and its prognosis with timely diagnosis and 
management. 
 

Documentary evidence is one of the main legal proofs 
deciding, in cases of medical negligence.1 The advantage of 
maintaining dental records is that it delivers quality patient care 
and follow-up.2It is wise to remember that “poor records mean 
poor defense; no records mean, no defense.”3Thus, Clinical 
audit4 is a quality improvement process.  
 

PATIENTS AND METHODS 
 

A total of 264 patients who underwent surgical removal of 
impacted third molars under local anesthesia at KAHE’s KLE 
VK Institute of Dental Sciences from January to December 
2015 were included. Pre and post-operatively all the records 
were analyzed and  they were asked to complete a satisfaction 
questionnaire, details such as the waiting time, consultation 
time, staff conducting the appointment, associated 
complications, treatment were all recorded. Data was recorded 
in the given format, which ensured a follow-up of at least 1 
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month for all patients. Audit of pre-operative and post-
operative records of all the patients was done, to check for 
completeness of the records. Otherwise the analysis is 
descriptive and observational over time. 
 

RESULTS 
 

A total of 236 subjects attended for follow-up and review 
appointment, and 28 patients did not reported for follow up. 
The mean age of the participants was 34 years (range 15-63). 
Over three-quarters (81%) of the patients who were reviewed 
said that they preferred the reassurance of a follow-up 
appointment. Eight would rather not have attended for review, 
but would have preferred consultation with contact number in 
case of problems. None of the patients felt that their care could 
have been improved on in any way. The mean time period 
between operation and review, the mean waiting time at the 
review appointment, and the mean consultation time are shown 
below :- 
 

Variables recorded at postoperative review appointment (n = 
236) 
 

Mean Range Time period between 
surgery and review (days) 

7-12 days 

Waiting time at review appointment 16 -45 minutes 
Consultation time (min) 3- 5 minute 

 

All patients were initially reviewed by a resident, followed by a 
consultant if any complication or dissatisfaction was reported. 
Just over a quarter (29%) visited prior to the appointment to 
obtain further analgesia. One patient required re-exploration for 
decompression of the swelling. 17 complications were recorded 
at the initial review appointment; five patients had lingual 
paresthesia, nine with inferior alveolar nerve paresthesia, and 
three with swelling. Further appointments were arranged with 
consultant staff, and all except two resolved spontaneously. 
Appropriate auditing was done to evaluate the quality of care 
provided. Basic procedure involved in the standard auditing 
process5 was followed in our study. 
 

DISCUSSION 
 

Patient record maintenance is always tedious, burdening the 
workload of surgeon and the supporting staff, which often 
overshadows its importance.  It is a routine practice in 
developed countries but is still lagging in developing countries 
like India. Studies have shown that medical records plays an 
important part in patient management and serves as an 
important tool in a negligence claim as only proof. It is 
important to maintain records in both legal perspective and for 
planning and justifying the treatment. 
 

The audits are useful to assess whether the change was 
productive or not. Its results show areas of excellent, which 
should be recognized or it may also identify ‘areas for 
improvement’.7Audit facilitates self-referencing and reflective 
learning.8 

 

In the present study, all the patients seemed satisfied with the 
care and treatment that they received. This in turn can be 
attributed to perfect treatment planning based on thoroughly 
obtained record of the patient. On assessing the post-operative 
records and patient questionnaire we observed that over three-
quarters of patients who were followed up, preferred the 
method of follow-up routinely followed in our institute. A 

healthcare institute serving large area/ population, patients may 
have to travel appreciable distances to attend a brief 
appointment. We found policy of selective review to be 
extremely appropriate and useful, whereby arrangements for 
further consultation are made only if there are complications or 
if there is gross pain or swelling or altered sensation 
postoperatively. By using clinical experience and judgment, it 
is likely that an unnecessary and inconvenient review 
appointment can be avoided for most patients, who recover 
uneventfully. We found the review process to have series of 
advantages, which include practical aspects to ensure that 
patients understand and comply with a specific treatment 
regimen. It also enables clinicians to monitor the clinical 
progress (physically, emotionally, and psychologically), and to 
look for evidence of any complication, providing valuable 
insight to reduce its number. 
 

In the study we found overall complication rates of about 10% 
after third molar surgery, implying that 90% of recall 
appointments are unnecessary, which cannot be held in view 
that prevention is better than cure.  
 

On retrospectively analyzing the records of Third molar 
surgery we found, 8 patients were dissatisfied by the follow up 
protocol and said it was time consuming. Review appointments 
were short (mean 3 min), whereas the waiting time was long, in 
some cases up to an hour. When waiting time is combined with 
travelling time to attend the appointment, and when one 
considers inconveniences such as time away from home or 
work, it becomes increasingly difficult to justify follow-up 
appointments for all patients. To reduce this we followed an 
arrangement of review with a resident first and consultants 
review if there is any complication or patient is dissatisfied. 
Analyzing the patient records thus helped in modifying the 
review protocol in our institute and thus achieving patient 
satisfaction. 
 

Records showed that at least a quarter of the patients visited 
before their appointment for further analgesia. All had been 
prescribed an analgesic regimen that has previously been 
shown to be effective in controlling pain after removal of 
wisdom teeth. It is likely that most of these patients felt that 
their doctor was more approachable because of the 
appointments given and giving at most importance to patient 
satisfaction. Nevertheless, it gave an insight to review the 
analgesic advice that patients are given on discharge to reduce 
the number who subsequently visit their doctor. The fact that 
patients who were not reviewed did not seek help from their 
doctor more often than those who were has also been reported 
in a similar study that investigated the need for postoperative 
review after uncomplicated minor oral surgery.  
 

Clinical audit of all the records was done time to time, to 
ensure that quality is maintained, and in a teaching hospital it is 
important that junior trainees have the opportunity to review 
the results of routine surgery. This not only helps in enhancing 
their skills but also in inculcating a habit of maintaining 
records. With the advent of scientific culture this record 
keeping has got an additional advantage in the field of 
emerging branch of forensic dentistry. In a nutshell we can say 
that medical record maintenance not only helps in patient care 
and education, but also helps in research and medico-legal 
purposes. 
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 “Health is a state of complete physical, mental and social 
wellbeing and not merely the absence of disease or infirmity 
“as defined by the World Health Organization. There have been 
vast improvements in the field of Oral and Maxillofacial 
Surgery and Dental treatment, which have lead to a demand in 
quality of clinical care.9 

 

Medical records help in proper evaluation of the patient and to 
plan treatment protocol and documentary evidence in cases of 
medical negligence. Thus, medical records should be properly 
written and preserved to serve the purpose of doctor as well as 
his patient.6, 10 

 

A good medical record serves the interest of the medical 
practitioner as well as his patients. It is very important for the 
treating doctor to properly document the management of the 
patient under his care. Medical record keeping has evolved into 
a science. The key to dispensability of most of the medical 
negligence claim rest with the quality of the medical records. 
Record maintenance is the only way for the doctor to prove that 
the treatment was carried out properly. Medical records are 
often the only source of the truth. They are likely to be far more 
reliable than memory.10 

 

In our study the record was maintained through paper work. 
But nowadays automated hospital information systems can help 
improve quality of care because of their far-reaching 
capabilities. Computers allow the use of a paperless, electronic 
system. Computers provide an easier way to look up a patient's 
information if they ask for it. The alternative to that would be 
through papers that could misplace.11 

 

CONCLUSION 
 

It is recommended that more efforts should be made by the 
Institute/ hospital management, clinicians to improve the state 
of maintenance of patient records.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In this era when medico-legal issues are increasing day by day, 
poor records imply poor defense. While concluding, we 
strongly recommend that it is the responsibility of the central 
authorities (DCI), institute to issue the guidelines to be 
followed at all times and inculcate such habits from the 
beginning. 
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ABSTRACT

Aim: The aim of this study was to evaluate the efficacy of 
Axiostat Hemostatic Dental dressing in achieving hemostasis 
postextraction and determining its effect on pain and healing of 
the extraction wound, compared with control, i.e., conventional 
method of extraction in patients on oral antiplatelet therapy.

Materials and methods: Totally, 40 patients on oral antiplatelet 
drugs were included in the study and overall 80 extractions 
were done applying split mouth study design, without altering 
patient’s drug regime. Extraction sites were divided into two 
groups: Group I received Axiostat Hemostatic Dental Dressing 
(study site), and group II received conventional method; pres-
sure pack with sterile gauze under biting pressure followed by 
suturing if required (control site) was used to attain hemostasis.

Results: Extraction sites treated with Axiostat Hemostatic 
Dressing achieved hemostasis earlier (mean 1 minute 13 seconds) 
compared with control sites (mean = 14 minutes 1 second), which 
was also statistically significant (p < 0.001). Postoperative pain 
was considerably lower and significantly better healing was seen 
in the study group (p < 0.001) compared with the control.

Conclusion: Axiostat demonstrated to be an effective hemo-
static agent that considerably lessens the bleeding time in 
patients on oral antiplatelet drugs postextraction. In addition, it 
even offered minimal postoperative pain and improved healing 
of the extraction wound. On comparing the results of this study 
with our study on HemCon Dental Dressing, Axiostat Dental 
Dressing (ADD) is found to be as effective and at par in achieving 
hemostasis in patients on oral antiplatelet therapy.

Clinical significance: The past few decades have seen an 
upsurge in use of low-dose aspirin either alone or in combi-
nation with other drugs. When these patients require dental/
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maxillofacial treatment, earlier concept of stopping these 
medications is associated with increased risk of thromboembolic 
event. The present study highlights an alternative approach 
using ADD which aids in quick hemostasis, accentuates healing, 
and reduce postoperative pain.

Keywords: Antiplatelet, Axiostat, Chitosan, Extraction, 
Hemorrhage, Wound healing.

How to cite this article: Sharma S, Kale TP, Balihallimath LJ, 
Motimath A. Evaluating Effectiveness of Axiostat Hemostatic 
Material in achieving Hemostasis and Healing of Extraction 
Wounds in Patients on Oral Antiplatelet Drugs. J Contemp Dent 
Pract 2017;18(9):802-806.

Source of support: Nil

Conflict of interest: None

INTRODUCTION

Outpatient dental surgery in patients with hemostatic 
alterations has become a common practiceover the past 
decade demanding a specific approach by the dentist 
and an interdisciplinary interaction with various health 
care professionals.1-3 Extraction in patients on oral anti-
platelet drugs is one of the most common complications 
confronted today, making them a challenge to treat.

Despite the numerous benefits of antiplatelet drugs they 
are not without risk, i.e., tendency to bleed excessively.4,5

According to Nichols and Bowie,6 frequency of 
patients on antiplatelet therapy seeking dental treatment 
is increasing day by day worldwide and with the avail-
ability of medical facilities it is going to increase further. 
The use of international normalized ratio (INR) is the gold 
standard for monitoring patients on antiplatelet therapy, 
recommended by the American Heart Association and 
the British Society for Hematology.

Some authors recommend managing these patients 
by temporarily discontinuing the drug therapy, although 
literature shows a small but significant risk of untoward 
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complications that might be associated with long-term 
morbidity,7,8 while others recommend the use of local 
measures to stop bleeding, which are simple to use but 
usually not effective per se.

Axiostat Dental Dressing (Axiostat Bio-solutions, 
Gujarat, India) offers a new way to achieve hemostasis. 
It is a highly electropositive sponge-like biomaterial 
extracted from crustaceans, having hemostatic potential 
that acts by attracting negatively charged red blood cells 
(RBCs) and platelets, thus forming a strong seal at the 
extraction wound.9,10 The hemostatic action of Axiostat 
Dental Dressing is not solely dependent on the clotting 
cascade, but it acts as a scaffold and provides primary 
seal, allowing the body to initiate its coagulation pathway 
effectively.9 Clot formation is aided by the strong sealing 
action which in turn offersan antibacterial barrier over 
the extraction wound.

The objective of this prospective study is to evaluate 
the efficacy of Axiostat Hemostatic Dental Dressing in 
controlling postextraction bleeding diathesis, and deter-
mining its effects on pain and healing of the extraction 
wound as compared with conventional pressure dress-
ings used in patientson oral antiplatelet therapy.

MATERIALS AND METHODS

In this prospective clinical study, 40 patients on oral 
antiplatelet drugs were included and 80 extractions were 
done applying split mouth study design, without altering 
patient’s drug regime. The institutional review board and 
ethics committee approval was taken for the study design 
and selection of patients. Management of extraction sites 
in each patient were divided into two groups: Group I 
received Axiostat Hemostatic Dental Dressing (study 
group), and group II received conventional method; 
pressure pack with sterile gauze under biting pressure 
followed by suturing if required (control group) was used 
to attain hemostasis.

Inclusion criteria were patients undergoing multiple 
tooth extractions aged between 35 and 70 years with 
INR values ≤3.5 (1–3.5) and if present, sugar level under 
control. Exclusion criteria were patients undergoing a 
single tooth or multiple extractions in same quadrant; 
and those with anallergy to seafood.

Antiplatelet medications are mainly indicated for 
prevention and treatment of thrombotic events in patients 
with certain medical conditions, such as heart attack, 
pulmonary embolism, stroke with or without atrial fibril-
lation, any heart surgery (especially prosthetic replace-
ment heart valve), coronary heart disease, such as stable 
angina, unstable angina and heart attack, patients with 
coronary stent, peripheral vascular disease/peripheral 
arterial disease, and apical/ventricular/mural thrombus.

Each patient underwent an assessment of general 
medical status and hematological investigations preop-
eratively including hemoglobin estimation, INR, platelet 
count, bleeding and clotting time,and X-ray if required. 
Similar extraction sites were selected within each patient, 
i.e., sites withcomparable socket size. To reduce the bias and 
study variability, similar contralateral teeth were extracted 
wherever possible (33 patients), in remaining 7 patients 
teeth with similar socket size were included (i.e., single 
rooted tooth for single rooted tooth and molar for molar).

Random selection of the operative site was done 
for study and control group in different quadrants. 
Preventive antibiotic prophylaxis was given to the 
patients, if indicated 1 hour before extraction with 2 gm 
amoxicillin orally. Each patient underwent minimally 
traumatic extractions under local anesthesia using plain 
lignocaine, by a single surgeon. Axiostat Dressing was 
loosely fitted into the extraction socket, at the height of 
crestal bone, under finger pressure for 30 seconds and 
upon achieving hemostasis, it was removed by irrigat-
ing with saline. In the control site, sutures were placed 
whenever hemostasis was not achieved under biting 
pressure over sterile gauze piece after 900 seconds  
(15 minutes). Time to achieve hemostasis was noted for 
both study and control sites using a stopwatch. Patients 
were given a list of routine postoperative instructions and 
the contact number of the surgeon who could be contacted 
in case of postoperative bleeding.

All patients were prescribed:
•	 Tablet	 diclomol	 (Diclofenac	 sodium	 50	 mg	 +	

paracetamol 500 mg) every 8 hours for 3 days
•	 Capsule	amoxicillin	500	mg	every	8	hours	for	3	days

Patients were reviewed by another surgeon on 7th 
postoperative day for assessment of pain and healing, 
using visual analog pain score chart and soft tissue 
healing index by Landry et al.11,12 Secondary bleeding 
was assessed by the presence or absence of liver clots 
and patients self-reporting. Statistical analysis was done 
using Mann-Whitney U-test.

RESULTS

Of the 40 patients, there were 29 males and 11 females 
and their age ranged from 44 to 70 years.

The most common systemic diseases we came across 
in patients were thrombosis, valvopathy, followed by 
cardiopathy.

Time to achieve hemostasis was recorded for both 
study and control sites using stopwatch. Mean and stan-
dard deviation (SD) was calculated.

Study group achieved hemostasis in a mean of  
1 minute 13 seconds, compared with control which took 
a mean of 14 minutes 1 second, which was statistically 
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significant (p < 0.001), demonstrating improved hemosta-
sis with the use of Axiostat Hemostatic Dressing (Graph 1).

Pain experienced by the patients throughout the week 
during daily activities was documented on 7th postop-
erative day, with the visual analog scale in a range of  
0 to 10, with 0 depicting no pain and 10 depicting worst 
pain experienced by the patient.11 Average pain score in 
study group (1.93) was considerably lower than in the 
control group (3.63) and is also statistically significant 
(p < 0.001) (Graph 2).

There was no postextraction complication perceived 
by the surgeon on the 7th day postoperatively.

Healing was significantly better in study group com-
pared with the control in terms of better epithelialization, 
tissue color, and response to palpation, assessed using soft 
tissue healing indexby Landry et al.12 (Graph 3).

In this study, we treated 40 patients with INR values 
ranging from 1.09 to 3.15 and no significant bleeding 
complications were reported except for one in a 68-year-
old patient with an INR of 3.15, prolonged bleeding was 

evident from the control site 6 hours postextraction. 
However, it was controlled by compression with sterile 
gauze and placing sutures later. Remaining patients 
showed complete hemostasis postextraction. None of the 
patients had any delayed bleeding on reviewing 7 days 
postoperatively nor required admission to the hospital 
at any stage.

There was no evidence of postoperative trismus due 
to bleeding at local anesthetic injection sites nor was 
there any incidence of any untoward event, in any of the 
patients.

DISCUSSION

Patients with hemorrhagic diathesis have tendency to 
bleed excessively postextraction, which may increase the 
risk of infection and also cause delayed wound healing.13 
Planning dental extractions in them presents a dilemma. 
The INR is now the gold standard for assessing these 
patients before extraction.14,15 Oral antiplatelet drugs, 
such as aspirin and clopidogrel, irreversibly inhibit 
platelet aggregation and this lasts for the life of the plate-
lets (7–10 days), leading to greater bleeding tendency 
and increase in INR values in patients taking them.16 
The effect is only overcome by the manufacture of new 
platelets. Lippert and Gutschik17 in their study recom-
mended that INR should not be higher than 4.0, if patient 
is to be taken for dental procedure.18 In our study, we 
achieved hemostasis in a patient with INR 3.15 using ADD  
(1.20 minutes), compared with conventional method  
(22.5 minutes), thus demonstrating the effectiveness of 
using ADD in patients on antiplatelet drugs (Graph 4), 
even when INR is on the higher side.

Correlation between INR and bleeding time in both 
study and control groups is shown in Graph 5 and Figure 1.  
The control group showed increase in bleeding time with 
concomitant increase in INR values, whereas in the study 

Graph 1: Comparison of study and control groups with bleeding 
time in minutes

Graph 2: Comparison of study and control groups  
with pain scores

Graph 3: Comparison of study and control groups  
with healing scores
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group postextraction bleeding was controlled earlier 
using Axiostat Dental Dressing.

Although conventional agents are effective in control-
ling postextraction bleeding, they do not hold well in 
every situation. In our study, resultant time to achieve 
hemostasis was shorter when Axiostat Dressing was used 
compared with conventional method of pressure pack 
in all the patients,highlighting the efficacy of ADD in 
achieving hemostasis earlier. The early hemostatic action 
of Axiostat Dental Dressing is by providing stable scaf-
fold for RBCs to bind and aggregate under electrostatic 
attraction, and also to its adaptation within the socket 
providing frictional lock,under finger pressure.10

The ADD is a chitosan-based material, which has 
got cell adhesion potential and is consistent according 
to Cunha-Reis et al.17 Shen et al19 in their study stated 
that growth factors are released from human platelets 
stimulated by chitosan exposure, which can explain better 
healing observed with Axiostat Dressing.20 Klokkevold 
et al21 in their study stated that chitosan potentiates the 

differentiation of osteoprogenitor cells and may facilitate 
the formation of bone and help in healing, which can be 
attributed to superior healing in the study group.

The antibacterial property of chitosan (Axiostat) pro-
viding a barrier against wide range of oral microbes and 
early hemostasis could be the reason behind minimal pain 
and complications in the study group compared with 
the control and also for superior postoperative healing 
in study group.21,22

Comparing the results of this study with our previ-
ous study on HemCon Dental Dressing (HDD), the mean 
time taken to achieve hemostasis is significantly lower 
when ADD (73 seconds) or HDD (53 seconds) was used 
compared with conventional method.4 Increase in the 
time to achieve hemostasis using ADD is attributed to the 
fact that the patients with INR up to 3.5 were included in 
this study in contrast to our previous study on Hemcon 
dressing where INR limit was 3. On comparing the 
results of postoperative healing and pain between ADD 
and Hemcon dressing, both showed similar potential of 
superior healing and minimal postextraction pain and 
complications.

It is imperative to evaluate the risks of transoperative 
and postoperative hemorrhage, as well as the extent of 
surgical trauma subjected to the patient to establish an 
adequate protocol.

Therefore, we recommend that performing a surgical 
procedure as atraumatic as possible, strict observance 
of all surgical steps, and patient’s compliance with the 
postoperative instructions are primordial factors to be 
considered at all times in all the patients, especially those 
on antiplatelet therapy.23 The results of this study could 
validate the use of Axiostat Dental Dressing postextrac-
tion for preventing postextraction bleeding in patients on 
oral antiplatelet drugs as well aspatients with increased 
bleeding tendency.

Graph 4: Correlation between INR and bleeding time in study 
group (ADD)

Graph 5: Correlation between INR and bleeding time in  
control group

Fig. 1: Axiostat dressing in situ
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CONCLUSION

Extractions in patients on oral antiplatelet therapy can 
be safely performed while achieving effective hemostasis 
with the help of Axiostat Dental Dressing. Results show 
that Axiostat is alocally available, new-generation hemo-
static agent which helps in achieving early hemostasis 
postextraction, along with better healing and less postop-
erative pain. On comparing the results of this study with 
our previous study on HDD, Axiostat Dental Dressing is 
found to be as effective and at par in achieving hemostasis 
in patients on oral antiplatelet therapy.4
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DENTAL TECHNIQUE

Flexible feeding obturator for early intervention in infants
with Pierre Robin sequence

Ruta Jadhav, BDS,a Santosh Nelogi, MDS,b Sounyala Rayannavar, MDS,c and Raghunath Patil, MDSd

Pierre Robin sequence (PRS) is
a sporadic congenital condi-
tion with a prevalence of 1 in
8500 live births.1 Character-
ized by glossoptosis and
mandibular hypoplasia with or
without cleft palate, this
ailment presents clinically with
severe upper airway obstruc-
tion (UAO), obstructive sleep apnea, and feeding com-
plications.2,3 The hypoplastic mandible prevents the
normal descent of the tongue between the palatal pro-
cesses, causing lack of fusion between the palatal shelves.
This results in a single midline palatal cleft, which varies
in its extent from bifid uvula to a complete cleft involving
both hard and soft palate. It may also involve other
systemic ailments such as congenital heart defects,
mental retardation, ocular lesions, and other skeletal
malformations.4,5

Endoscopic studies have suggested that retrognathia
causes the posterior displacement of the chin, which
permits the tongue to fall back into the posterior
pharyngeal wall, resulting in an airway obstruction. Thus,
respiration and feeding become arduous for the neonate,
resulting in exhaustion, choking, prolonged feeding
causing fatigue, and even premature death.6,7

Many options are available for treating PRS.
Saunders et al8 suggested specifically designed feeding
bottles with enlarged openings of the nipple to allow for
effortless flow of milk. However, this option is insuffi-
cient for all patients with clefts, especially those with
large defects.7 Various surgical options have been used

such as glossopexy, hyomandibulopexy, and mandibular
distraction osteogenesis for maintaining the tongue in a
forward position,9-11 but these approaches are invasive
and limited. Most of the available nonsurgical pros-
thodontic treatment options focus on obturating the
clefts without maintaining an anterior position of the
tongue.12,13 Savion and Huband14 suggested an acrylic
resin obturator as an initial intervention in PRS. How-
ever, acrylic resin appliances have many disadvantages,
including being traumatic to the delicate tissues, a po-
tential irritant, difficult to adjust in a minuscule infant’s
mouth, and cumbersome to remove and reinsert in an
infant’s oral cavity.15 A flexible feeding obturator (FFO)
made of thermoplastic material can overcome these
problems. Thermoplastic materials have a smooth sur-
face, are available without harmful or allergic in-
gredients that can harm the tissues of a neonate, are
easy to fabricate, and are lightweight.16 Hence, the aim
of management of PRS should be to facilitate the neo-
nate’s feeding, widen the hypopharynx by positioning
the tongue forward, and maintain an adequate airway.14

Once the infant has progressed through the initial
critical months of life, micrognathia becomes
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ABSTRACT
Pierre Robin sequence presents with distinct features of retrognathia and glossoptosis with or
without cleft palate, which results in potentially serious, life-threatening respiratory obstruction and
feeding complications. A multidisciplinary approach is required to manage such complex features.
This article describes a novel technique for managing Pierre Robin sequence using a flexible
feeding obturator. This custom-made intraoral appliance overcomes numerous problems associated
with the available feeding obturators and helps infants and parents cope with a variety of
difficulties. (J Prosthet Dent 2017;-:---)
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progressively less marked, and respiratory and nutri-
tional difficulties resolve.17

The FFO is a newly developed, first-line treatment
option for neonates with PRS that helps in the normal
positioning of the infant’s tongue. In this article, a
technique is presented to fabricate an FFO prosthesis in a
preterm neonate diagnosed with PRS (Figs. 1, 2).

TECHNIQUE

1. Use putty viscosity elastomeric impression material
(Imprint 3 VPS Impression Material; 3M ESPE) on
the balls of 2 fingers and press it over the palate
and into the labial and buccal vestibules of the
infant’s oral cavity (Fig. 3).14 During impression
making, the infant should be held with his or her
face toward the floor to avoid aspiration. Observe
that the baby cries during the procedure to ensure
a patent airway throughout the impression-
making procedure.13,14,18

2. Make a diagnostic cast with Type II dental plaster
(UltiRock, Dental Plaster; Whip Mix Corp) and
fabricate a custom tray over it made of 1.5 mm
thick, low-density, flexible thermoplastic sheet
(Thermoplastic sheets; Paschim Rehabs India Inc).
Attach a silk suture to the tray to facilitate the
retrieval of the impression from the infant’s oral
cavity.

3. Paint polyvinyl siloxane tray adhesive (3M ESPE
VPS tray Adhesive; America Inc) over the flexible
custom tray impression surface. Load light

viscosity elastomeric impression material (Express
VPS Impression Material; 3M ESPE) over it and
insert it into the infant’s mouth. Ensure that the
baby performs suckling motions with the aim of
creating a border molded impression (Fig. 4).14

4. Box the impression and pour it in Type IV die stone
(UltiRock, Die Stone; Whip Mix, UK Inc) (Fig. 5).

5. Make a prototype of the infant’s throat
morphology on the stone cast using modeling wax
(Anutex HS baseplate wax; Kemdent). Orient the
distal extension approximately 30 to 45 degrees
downward from the palatal plane (Fig. 6).13

6. Duplicate the prototype model into Type III dental
stone (UltiRock, Dental Stone; Whip Mix, UK Inc)
and adapt a 2 mm thick, clear thermoplastic sheet
over it using a vacuum-forming machine (Biostar
VI). Once the sheet is adapted, remove it from the
cast and shape it to provide a 5 to 6 mm extension
beyond the soft palate.13

7. Polish the borders of the prosthesis and attach a
silk suture (8 inches) to the obturator. In case of
gagging or accidental swallowing, it provides a

Figure 1. Extraoral view showing characteristic retrognathic mandible
(bird-face appearance).

Figure 2. Intraoral view showing cleft extending to soft palate.

Figure 3. Preliminary impression.
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safety mechanism for removing the prosthesis.
(Fig. 7).14

8. Insert the appliance in the infant’s mouth and
check for proper extensions to assure that both the
length and distal angulation of the velar extension
is not excessive. Make sure that the extension is
positioned against the base of the tongue, with no
contact to the posterior pharyngeal wall.12 Typi-
cally, the appliance produces immediate gagging,
which should resolve within a few minutes until
the infant becomes accustomed to it in the mouth;
should the reaction continue for longer, reduce the
length of the distal extension as estimated by visual
examination.6,13 As soon as the FFO is positioned
in the mouth, the velar extension should force the

tongue to displace anteriorly and return to its
normal position in the oral cavity (Fig. 8).

9. Give aftercare instructions to the parents and
caregivers. A soft cloth soaked in lukewarm water
should be used to clean the infant’s oral cavity after
every feeding.14

10. Recall the patient after 24 hours for adjustment.
Follow-up should be done regularly: after 1 week,
1 month, and every 3 months.14 During regular
follow-up, the infant’s weight gain should be
evident.

11. For the first several weeks of life, the infant should
be placed in a prone position with its chest
elevated by means of a pillow so that the mandible
assumes a dependent position. The infant should

Figure 4. Definitive impression of defect using thermoplastic custom
tray.

Figure 5. Stone cast of cleft impression.

Figure 6. Prototype of soft palate using modelling wax. Figure 7. Flexible feeding obturator with velar extension.
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not be allowed to lie on its back under any
circumstance.18,19 The infant should be positioned
in an upright posture for feeding. Feedings should
be unhurried and interspersed by burping. Initially,
the baby should be allowed to rest after every 5 to 6
swallows and fed every 2 to 3 hours.20 To accom-
modate the infant’s facial growth, the obturator
should be changed every 3 months until surgical
repair of the palate can be carried out at approxi-
mately 12 months of age.6,14

DISCUSSION

Infant mortality is reported to be high in PRS, especially
in severe instances of the syndrome, usually ranging
from 25% to 50%.12 Major functional problems faced by
these patients before surgical interventions are UAO
and failure to thrive (the latter resulting from feeding
difficulties or UAO).17 The lack of an intact palate makes
it impossible for an infant to generate sufficient negative
intraoral pressure (suction) while pressing the nipple
and to initiate swallowing. Feeding is further compli-
cated by nasal regurgitation, burping by excessive air
intake, and coughing, making the infant malnourished,
weak, and often emaciated.7,15 Nasopharyngeal in-
fections, otitis media leading to deafness or impaired
hearing, bronchitis, pneumonia, and impaired speech
are further complications of the condition.5 Hence, until
the surgical correction of the cleft is accomplished,
the fabrication of the infant’s obturator is of great
importance.

The basic aim of treatment is to keep the infant
healthy and alive through the first few critical months of
life. A custom-made FFO helps to close the disunion
between the oral and nasal cavities to create an artificial
palate that stimulates the physiologic sucking reflex. The
prosthesis facilitates deglutition and thus reduces feeding
difficulties. It also diminishes regurgitation, the collection
of vomitus in the nasal cavity that causes rhinitis and

middle ear infections, and feeding time. The FFO has a
flexible velopharyngeal extension that hooks over the
base of the tongue and pulls it forward to prevent the
tongue from falling back into the pharynx. This feature
helps to maintain an intact airway and relieve UAO and
other respiratory problems.17

The literature suggests different approaches to
resolving neonatal feeding problems. However, acrylic
resin feeding appliances must be adjusted with the
infant’s growth and replaced frequently, and they have
poor retention. Pielou12 described the need for extra
retentive features (adhesive tapes, orthodontic wires,
staples). Bacher et al21 used extraoral wire bows as
retentive arms to aid in retention of preepiglottic baton
plate prosthesis in the treatment of a patient with PRS.
The unique design of the FFO overcomes these limita-
tions, as it is made of soft polyvinyl acetate, which pro-
vides exceptional retention, adjusts easily to the growth
of infant’s arch, and is easy to clean and use. Unlike hard
acrylic resin feeding appliances, an FFO can easily be
inserted and removed from the small oral cavity of a
neonate because the device is flexible and adaptable. The
use of putty impression material reduces the risk of
aspiration or accidental swallowing and gives good
reproduction of surface details.14 This method also uti-
lizes thermoplastic sheet to make a custom tray for
making accurate definitive impressions, which improves
fit and comfort. One drawback of the FFO is the
requirement of an additional step in the impression-
making procedure.

SUMMARY

This article describes a contemporary method for the
fabrication of a FFO for an infant with PRS. An FFO with
velar extension has been shown to be a safe and viable
alternative to more invasive interventions in treating PRS
until the cleft can be closed surgically.21 A FFO can help
overcome multiple problems associated with the defect.
It also reduces the anxiety levels of both parents and
baby, and it helps in promoting the infant’s weight gain,
which is necessary in preparing it for future rehabilitative
surgeries.
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Introduction
Resilient	 denture	 soft	 liners	 have	 been	
available	 in	 dental	 practice	 for	 many	 years	
and	 have	 a	 good	 therapeutic	 purpose.	 They	
mainly	 reduce	 the	 traumatic	 effect	 that	 the	
denture	 may	 have	 on	 patients	 with	 thin	
atrophic	 mucosa	 or	 with	 normal	 mucosa	
exhibiting	 a	 reduced	 tolerance	 to	 the	 load	
applied	 by	 the	 denture.	 However,	 it	 has	 also	
been	 suggested	 that	 the	 porosity	 of	 soft	 liner	
also	allows	water	absorption	and	diffusion	of	
nutrient	materials	that	may	support	the	growth	
of	 oral	 yeasts[1]	 predominantly	 by	 Candida 
albicans	and	related	Candida	species.[2,3]

Denture	 stomatitis	 more	 commonly	 known	
as	 “denture	 sore	 mouth”	 is	 a	 term	 used	 to	
describe	 certain	 pathologic	 changes	 such	
as	 recurrent	 inflammation	 or	 erythema	
and	 burning	 sensation	 of	 denture‑bearing	
tissues	 under	 complete	 or	 partial	 dentures.	
C. albicans	 is	 the	 predominant	 oral	 yeast	
associated	with	denture	stomatitis.[4]
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Abstract
Aims and Objectives: The	 study	 was	 conducted	 to	 evaluate	 the	 Colonization	 &	 Inhibition	 of	
Candida	 albicans	 in	 selected	 commercially	 available	 denture	 lining	 materials	 material	 by	 mixing	
them	with	varying	concentrations	and	doses	of	 tea	 tree	oil.	Materials and Methods:	Five	 test	discs	
of	 10mm	 diameter	 and	 1.5mm	 thickness	 were	 prepared	 using	 commercially	 available	 soft	 denture	
lining	materials	(Viscogel	and	GC‑soft).	Tea	tree	oil	of	varying	concentrations	(10%,	20%,	30%,	and	
40%)	 and	 doses	 (0.5	ml,	 1.0	ml,	 1.5	ml,	 2.0	ml)	 were	 added	 during	manipulation.	 Test	 discs	 kept	
in	 sterile	 artificial	 saliva	were	 inoculated	with	Candida	 albicans	 (ATCC‑2091	 strain)	 and	 incubated	
for	 6	weeks.	These	 discs	were	fixed,	 dehydrated	 air	 dried	 and	 stained	 using	 0.03%	acridine	 orange	
stain	and	observed	under	Fluorescent	microscope	to	count	the	colonies	on	the	surface	of	each	disc	to	
evaluate	 the	 colonization.	 	To	 evaluate	 inhibition,	 test	 discs	were	 placed	 on	 the	 top	 of	 Sabouraud’s	
dextrose	agar	inoculated	with	Candida	albicans	(ATCC‑2091	strain).	After	incubation	at	370C	for	48	
hours,	 the	zone	of	 Inhibition	 formed	around	 the	 samples	was	measured.	Results:	The	GC	soft	 liner	
had	higher	mean	 colonization	 and	 lesser	 zone	of	 inhibition	 of	C.albicans	when	 compared	 to	Visco‑
gel	soft	liner	(P <	0.001)	and	highest	zone	of	inhibition	observed	with	2	ml	volume	and	40%	vol/vol	
concentration	of	melaleuca	alternifolia	 (P <	0.05).	Interpretation and Conclusion: By	the	addition	
of	Tea	Tree	oil,	Viscogel	had	good	acquired	good	antifungal	properties	than	GC‑soft	lining	materials.	

Keywords: Candida albicans denture soft‑liners, colonization, denture stomatitis, inhibition, 
nystatin, tea tree oil
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Effective	 therapy	 must	 focus	 on	 the	
multifactorial	 etiology	 of	 the	 disease.[5]	
Treatment	 plan	 should	 include	 substitution	
of	 old	 prosthesis,	 elimination	 of	 anatomical	
irregularities,	establishment	of	a	nontraumatic	
occlusion,	 nutritional	 reconstitution,	 oral	
hygiene	 instructions,	 antifungal	 treatment,	
and	 systemic	 evaluation.[6]	 However,	 the	
success	of	topical	application	of	drugs	in	the	
oral	 cavity	 may	 be	 compromised	 by	 some	
factors	 such	 as	 discomfort	 caused	 by	 the	
infection,	 unpleasant	 taste,[7]	 and	 frequency	
of	dosage.[5]

These	 limitations	 have	 led	 to	 the	
development	 of	 other	 methods	 of	 drug	
elution	 such	 as	 incorporation	 of	 antifungal	
and	 antimicrobial	 agents	 with	 denture	 soft	
liners.	 Several	 attempts	 have	 been	made	 to	
incorporate	 different	 antifungal	 agents	 such	
as	 propolis,[8]	 zeolite,[9,10]	 chlorhexidine,[11]	
fluconazole,[11]	 Punica granatum,[12]	
nystatin,[13,14]	 itraconazole,[13]	 miconazole,[15]	
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ketoconazole,[15]	and	clotrimazole[16]	with	varying	degree	of	
success.

However,	 in	 the	 light	 of	 increased	 awareness	 and	 demand	
for	 natural	 health,	 commercially	 available	 naturopathic	
remedies	 are	 being	 used	 in	 the	 treatment	 of	 denture	
stomatitis.	The	 essential	 oil	 of	Melaleuca alternifolia,	 also	
known	 as	 tea	 tree	 oil	 (TTO)	 is	 a	 multipurpose	 medicinal	
herb	 that	 can	 be	 obtained	 from	 its	 leaves	 by	 steam	
distillation.[17]	 It	 has	 shown	 promising	 effect	 as	 a	 topical	
antifungal	agent	in	the	treatment	of	dandruff,	acne,	and	oral	
candidiasis.[18]

This in vitro study	 is	 undertaken	 with	 the	 aim	 to	 test	
the	 efficacy	 of	 TTO	 mixed	 with	 two	 different	 denture	
soft‑lining	 materials	 against	 colonization	 and	 inhibition	 of	
C. albicans	under	varying	concentrations	and	doses.

Materials and Methods
The	 study	 was	 conducted	 in	 the	 Department	 of	
Prosthodontics	 and	 Crown	 and	 Bridge	 and	 Department	
of	 Microbiology,	 Maratha	 Mandal’s	 N.	 G	 Halgekar	
Institute	of	Dental	Sciences	and	Research	Center,	Belgaum,	
Karnataka,	 India.	 The	 denture	 soft	 liners	 selected	 were	
Visco‑Gel	 (Dentsply,	 India)	 and	 GC	 Soft‑Liner	 (GC	
Corporation	 India).	 TTO	 was	 brought	 from	 A.	 G.	
Aromatics,	Noida,	India.

Specimen preparation

The	study	consisted	of	 four	groups	and	four	subgroups	of	
soft	 liner	 specimens	 to	which	TTO	was	 added	 in	 varying	
concentrations	 (10,	 20,	 30,	 and	40%	vol/vol)	 and	varying	
doses	 (0.5,	 1,	 1.5,	 and	 2	ml)	with	 a	 sample	 size	 (n	 =	 5).	
Wax	 discs	 of	 10	 mm	 diameter	 and	 1.5	 mm	 thick	 were	
punched	 from	 a	 sheet	 of	 modeling	 wax	 using	 sectioned	
gutta‑percha	box	and	flasked	in	a	way	similar	to	processing	
the	 complete	 dentures.	 Doses	 of	 M. alternifolia	 (0.5,	
1.0,	 1.5,	 and	 2.0	 ml)	 of	 varying	 concentrations	 were	
added	 to	 the	 conditioner	 liquids	 and	 homogenized	 in	 a	
sterile	 glass	 beaker	 for	 30	 s.	 Immediately	 afterward,	 the	
conditioning	 powder	 was	 added	 and	 mixed	 according	 to	
the	 manufacturer’s	 instructions	 and	 then	 filled	 into	 the	
voids	 left	 by	 the	 wax	 discs.	 These	 discs	 were	 taken	 out	
of	 the	 denture	 flask	 after	 the	 setting	 time	 of	 the	 denture	
soft	 liners	 as	 recommended	 by	 the	 manufacturer.	 All	
the	 above‑mentioned	 procedures	 were	 done	 in	 laminar	
air	 flow	 chamber	 under	 ultraviolet	 light	 and	 were	 used	
immediately	 for	 the	 microbiological	 procedure	 discussed	
below	to	prevent	any	microbial	contamination.

Evaluation of candidal colonization on the test 
specimens

Standard	 ATCC	 (2091)	 approved	 C. albicans	 strains	
were	 collected.	 Test	 discs	 of	 soft	 liners	 were	 placed	 into	
glass	 test	 tubes	 containing	 10	 ml	 of	 artificial	 saliva.	 Each	
of	 these	 bottles	 was	 inoculated	 with	 0.1	 ml	 of	 an	 18	 h	
culture	 of	 C. albicans	 in	 artificial	 saliva	 and	 incubated	

in	 an	 incubator	 at	 37°C	 for	 6	 weeks.	 Test	 denture	 liner	
discs	 were	 transferred	 aseptically	 to	 fresh	 sterile	 artificial	
saliva	 on	 a	 weekly	 basis.	 Five	 replicates	 were	 used	 for	
each	 material	 type.	 After	 6	 weeks	 of	 incubation,	 test	
pieces	 were	 removed	 from	 the	 bottles	 and	 placed	 in	 4%	
glutaraldehyde	 in	 phosphate‑buffered	 saline	 for	 at	 least	
2	 h	 to	 fix	 the	 cells.	 Substrata	 plus	 attached	 cells	 were	
then	 dehydrated	 in	 alcohol	 (30%,	 50%,	 70%,	 90%,	 and	
100%)	 for	10	min	 for	 each	 concentration	 in	universal	 jars.	
These	 discs	 were	 immersed	 in	 0.03%	Acridine	 orange	 for	
1	 min,	 rinsed	 in	 distilled	 water,	 then	 air	 dried.	 Replicates	
were	 mounted	 on	 microscopic	 slide	 for	 examination	 and	
viewed	 through	 fluorescent	 microscope	 (×40	 objective,	
Phase	contrast	condenser‑PS‑1,	No.	3‑WB	filter	used).	The	
objective	was	focused	on	one	end	of	the	section	and	racked	
down	so	that	the	entire	length	of	the	sample	was	examined.	
Colonization	of	C. albicans	into	the	denture	lining	material	
was	 measured	 by	 counting	 the	 number	 of	 blastospores	
visible	within	the	each	field,[19]	as	described	below.
•	 Class	 I:	Little	hyphal	presence,	whereby	mycelia	 forms	

cover	up	to	a	quarter	of	the	microscopic	field
•	 Class	 II:	 Moderate	 amount	 of	 hyphal	 presence,	 where	

half	of	the	field	of	view	was	covered	by	mycelial	forms
•	 Class	 III:	A	 large	 amount	 of	 hyphal	 presence,	whereby	

most	 of	 the	microscopic	 field	was	 covered	 by	mycelial	
forms.

Evaluation of inhibition of growth of Candida albicans 
around test specimens by disc diffusion method

Five	 test	 discs	 for	 each	 concentration	 and	 dose	 of	 TTO	
mixed	 with	 of	 the	 test	 materials	 (GC‑soft	 liner	 and	
Visco‑Gel	 soft	 liner)	 were	 tested.	 Kirby–Bauer	 disc	
diffusion	 susceptibility	 test	 protocol	 was	 followed	 for	
assessing	 the	 zones	 of	 inhibition.	 Sabouraud’s	 agar	
medium	 was	 poured	 into	 the	 agar	 plates,	 and	 they	 were	
brought	 to	 room	 temperature	 before	 use.	A	 loop	was	 used	
to	 transfer	 the	 colonies	 to	 the	 broth.	Visually	 turbidity	 of	
the	 broth	 was	 adjusted	 equal	 to	 that	 of	 a	 0.5	 McFarland	
turbidity	 standard.	 Within	 15	 min	 of	 adjusting	 the	
inoculum	 to	 a	 McFarland	 0.5	 turbidity	 standard,	 sterile	
cotton	 swab	 was	 dipped	 into	 the	 inoculum	 and	 rotated	
against	 the	 wall	 of	 the	 tube	 above	 the	 liquid	 to	 remove	
excess	inoculum.	Entire	surface	of	agar	plate	was	swabbed	
thrice,	rotating	plates	approximately	60°	between	streaking	
to	ensure	even	distribution.	Inoculated	plates	were	allowed	
to	 stand	 for	 at	 least	 3	 min	 but	 no	 longer	 than	 15	 min.	
Four	 discs	 of	 test	 lining	 materials	 mixed	 with	 varying	
volumes	 and	 concentrations	 of	 TTO	 were	 placed	 in	 each	
agar	 plate,	 and	 the	 experiment	 was	 repeated	 five	 times.	
Nystatin	susceptibility	test	discs	(100	units/disc)	were	used	
as	 controls	 and	 placed	 in	 the	 center	 of	 agar	 plate.	Within	
15	 min	 of	 compound	 application,	 plates	 were	 incubated	
for	 48	 h	 at	 37ºC	 in	 incubator.	 Plates	 were	 read	 only	 if	
the	 lawn	 of	 growth	 was	 confluent	 or	 nearly	 confluent.	
Diameter	 of	 inhibition	 zones	was	measured	 to	 the	 nearest	
whole	millimeter	by	holding	the	measuring	device.
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Results
Pair‑wise	 comparison	 of	 two	 groups,	 four	 concentrations,	
and	 five	 volumes	 by	 three‑way	 ANOVA	 and	 post hoc	
Bonferroni	test	gives	the	following	results	[Figures	1	and	2]:

•	 The	GC	soft	liner	had	higher	mean	colonization	and	lower	
zone	of	 inhibition	when	compared	 to	Visco‑Gel	soft	 liner,	
and	the	comparison	was	statistically	significant	(P	<	0.001)

•	 All	 comparisons	 showed	 significant	 reduction	 in	
colony‑forming	units	(CFUs)	with	each	increasing	volume	
with	highest	reduction	observed	in	2	ml	volume	(P	<	0.05)

•	 All	 comparisons	 showed	 a	 significant	 reduction	
in	 CFUs	 with	 each	 increasing	 concentration	
with	 highest	 reduction	 observed	 in	 40%	 vol/vol	
concentration	(P	<	0.05).

Discussion
Human	 body	 as	 a	 host	 has	 many	 kinds	 of	 resident	
microorganisms	 that	 could	 be	 classified	 as	 both	 domestic	
and	 opportunistic	 pathogens.[20]	 One	 such	 residential	
human	microflora	 is	C. albicans	which	 is	a	eukaryotic	and	
opportunistic	 pathogen.	This	 organism	being	mainly	 found	
in	 the	 oral	 cavity	 causes	 stomatitis	 while	 its	 presence	 on	
the	 fitting	 surface	 of	 the	 denture	 causes	 denture	 stomatitis	
or	denture	 sore	mouth.[4]	Even	 though	many	organisms	are	
associated	 with	 this	 condition,	 most	 of	 the	 studies	 show	
that	 C. albicans	 and	 ill‑fitting	 dentures	 are	 commonly	
associated	 with	 this	 condition.	 Adhesion	 of	 Candida	
to	 the	 denture	 base	 materials,	 particularly	 when	 worn	
continuously	 in	 conditions	 of	 trauma	 and	 poor	 hygiene	
can	usually	cause	denture	 stomatitis.[21‑23]	One	of	 the	 initial	
steps	 in	 the	 prevention	 of	 denture	 stomatitis	 is	 improving	
denture	 adaptation	 and	 providing	 the	 suitable	 conditions	
for	 the	 denture	 bearing	 areas	 to	 recover.	As	 evident	 from	
many	studies,	even	 though	 tissue	conditioners	can	 improve	
the	 adaptation	 of	 the	 dentures,[23]	 their	 susceptibility	 to	
attachment	 and	 colonization	 of	 the	 oral	 microorganisms,	
especially	 candida	 would	 result	 in	 the	 irritation	 of	 the	
tissues,	 leading	 to	 denture	 stomatitis	 in	 the	 oral	 cavity	 of	
the	denture	wearers.[24,25]

Most	 of	 the	 tissue	 conditioners	 apart	 from	 not	 having	 any	
antifungal	 activity	 also	 showed	 their	 supporting	 role	 in	
adhesion	and	growth	of	candida.	Hence,	a	tissue	conditioner	
with	 antifungal	 activity	 could	 be	 of	 great	 advantage	 for	
patients	 with	 high	 risk	 of	 denture	 stomatitis.[23]	 Several	
attempts	 have	 been	 made	 to	 incorporate	 additives	 and	
antifungal	 agents	 to	 tissue	 conditioners	 as	 a	 drug	 delivery	
method	 for	 controlling	 microbial	 colonization	 and	 inhibit	
the	 biofilm	 formation.[8‑16]	 However,	 the	 widespread	 use	
of	 these	 antibiotics	 is	 often	 expensive,	 toxic,	 and	 can	
create	 host	 resistance.	 Hence,	 the	 focus	 has	 now	 shifted	
to	 the	 safer	 natural	 alternatives	 as	 it	 was	 scientifically	
proven	 that	 some	 of	 the	 plant	 extracts	 have	 antimicrobial	
activity.	M. alternifolia	(TTO)	is	one	of	those	plant	extracts	
which	 have	 gained	 popularity	 over	 the	 past	 few	 decades.	
TTO,	 the	volatile	 essential	oil	 from	Australian	native	plant	
M. alternifolia,	has	been	largely	employed	primarily	for	 its	
antimicrobial	 and	 anti‑inflammatory	 properties	 and	 shows	
promise	 as	 a	 topical	 antifungal	 agent.	 This	 reputation	 is	
due	to	its	safe	antiseptic	effect	that	is	incorporated	in	many	
pharmaceutical	and	cosmetic	products.[18]

Results	 of	 the	 current	 study	 suggested	 that	 the	 discs	
treated	 with	 TTO	 showed	 significantly	 lesser	 colonization	
and	 maximum	 zone	 of	 inhibition	 of	 C. albicans	 than	 the	
discs	 which	 were	 not	 treated	 with	 TTO,	 showing	 the	 lack	
of	 intrinsic	 antifungal	 activity	 of	 the	 soft	 denture‑lining	
test	 materials	 (Visco‑Gel	 and	 GC‑soft	 liners).	 This	 was	
in	 accordance	 with	 the	 study	 conducted	 by	 Thomas	 and	
Nutt	(1978)	which	states	that	there	was	no	inhibitory	effect	
for	 tissue	conditioning	material	 (Visco‑Gel)	on	C. albicans	
for	periods	of	time	varying	from	3	days	to	1	week.	The	later	
results	 are	 also	 in	 accordance	 with	 the	 studies	 conducted	
by	Gruber	 et	al.[26]	 and	Wright’s[27]	 findings.	 Even	 in	 these	
studies,	 tissue	 conditioners	 appeared	 to	 have	 a	 supporting	
effect	of	fungal	growth.

Comparisons	 between	 the	mean	CFUs	 and	maximum	zones	
of	 inhibitions	 of	 the	 test	 denture	 liner	 discs	 mixed	 with	
TTO	of	various	concentrations	and	various	volumes	showed	
that	 there	 was	 a	 significant	 reduction	 in	 the	 colonization	
and	 maximum	 zone	 of	 inhibition	 of	 C. albicans	 was	
observed	 when	 2	 ml,	 40%	 vol/vol	 of	 TTO	 was	 used	 with	
Visco‑Gel	soft	 liner	and	Gc‑soft	 liner	but	Visco‑Gel	showed	

Figure 1: Graph comparing the mean colonization values of Candida albicans 
on the test discs of the denture lining materials mixed with various volumes 
and concentrations of Melaleuca alternifolia

Figure 2: Graph comparing the mean of zones of inhibition around the test 
discs of the two denture-lining materials mixed with various volumes and 
concentrations of Melaleuca alternifolia

Contemporary Clinical Dentistry | Volume 8 | Issue 3 | July - September 2017 448

[Downloaded free from http://www.contempclindent.org on Saturday, September 16, 2017, IP: 157.49.14.26]



Vankadara, et al.: Effect of tea tree oil on Candida albicans in varying doses and concentrations

significantly	 less	 colonization.	 This	 difference	 might	 be	
attributed	 to	 some	 interaction	 between	 both	 the	 materials.	
This	observation	is	also	in	agreement	with	the	study	done	by	
Truhlar	 et	al.,	who	 observed	 that	 combination	 of	Visco‑Gel	
and	 Nystatin	 had	 a	 greater	 efficacy	 in	 denture	 stomatitis	
treatment	 than	 that	 of	 Lynal	 and	 Nystatin.[7]	 These	 results	
were	also	in	agreement	with	the	study	conducted	by	Hammer	
et	 al.,[18]	 which	 showed	 that	 the	 treatment	C. albicans	 with	
TTO	exert	antifungal	action	by	altering	membrane	properties	
of	fungal	cells	which	may	alter	 their	permeability	and	effect	
the	membranes	 ability	 to	 osmoregulate	 the	 cells	 adequately	
or	to	exclude	the	toxic	materials.[28]

Discs	 treated	 with	 40%	 M. alternifolia	 (TTO)	 showed	
lesser	 colonization;	 this	 finding	 is	 in	 contrast	 to	 the	
findings	 of	 Catalan	 et al.,	 (2008)[29]	 which	 states	 that	
Coe‑comfort	 and	Fitt	 conditioners	mixed	with	 1	ml,	 20%	
vol/vol	 of	 melaleuca	 oil	 exhibited	 a	 total	 inhibition	 of	
C. albicans	 growth.	While	 a	 study	 conducted	 by	 Sharma	
and	 Hegde[30]	 revealed	 that	 melaleuca	 oil	 does	 not	 show	
significant	 antifungal	 activity	 until	 its	 concentration	 in	
Visco‑Gel	 is	 increased	 beyond	 27.5%	 concentration.	
A	 concentration	 of	 30%	 showed	 statistically	 significant	
antifungal	 activity	 based	 on	 minimum	 inhibitory	
dose	 (MID)	 values.	 Increasing	 the	 concentration	 to	 35%	
was	 not	 found	 to	 increase	 its	 MID	 value	 significantly.	
However,	 in	 contrast,	 our	 study	 showed	 the	 maximum	
inhibition	 and	 least	 colonization	 of	 C. albicans	 at	 2	 ml	
and	 40%	 vol/vol	 in	 both	 Visco‑Gel	 and	 GC‑soft;	 this	
might	 be	 attributed	 to	 the	 variation	 in	 the	 strain	 of	
C. albicans	 used	 for	 the	 study	or	due	 to	 the	difference	 in	
the	procedure	followed.

Comparison	 of	 the	 inhibitory	 effect	 of	M. alternifolia	 (tea	
tree)	 oil	 and	 5%	Nystatin	 susceptibility	 discs	 showed	 that	
nystatin	 had	 a	 great	 inhibitory	 effect	 than	 melaleuca	 oil.	
This	 is	 also	 in	 accordance	 with	 the	 study	 conducted	 by	
Sharma	 and	 Hegde[30]	 and	 Chow	 et al.,	 (1999)[13]	 which	
suggest	that	5%	fluconazole	in	Visco‑Gel	showed	maximum	
antifungal	activity.	However,	 in	 that	study	after	72	h,	 there	
was	 a	 significant	 decrease	 in	 the	 antifungal	 activity,	 and	 it	
had	 become	 totally	 ineffective	 on	 day	 7	 as	 shown	 by	 the	
regrowth	 of	C. albicans.	 Similar	 results	 were	 also	 elicited	
by	Truhlar	et	al.,[7]	where	Visco‑Gel	 incorporating	 nystatin	
had	a	significant	loss	of	antifungal	activity	by	day	2.

Conclusion
Resilient	 soft	 liners	 combined	 with	 TTO	 have	 shown	
in vitro antifungal	efficacy	at	40%	vol/vol	 concentration	at	
a	 dose	 of	 2	 ml	 suggesting	 the	 possibility	 of	 this	 essential	
oil	 for	 the	 therapeutic	 use	 against	 denture	 stomatitis	 and	
possibly	other	oral	infections.
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Abstract
Purpose: To assess the different forms of maxillary central incisors (MCI) and
determine their association with the shape of the face for men and women.
Materials and Methods: A total of 200 subjects (100 women, 100 men) aged
between 18 and 30 years with healthy dentition were randomly selected from K.L.E.
V.K Institute of Dental Sciences, Belagavi, India. Two standardized photographs
(portrait and shape of the MCI) were taken for each subject and opened in AutoCAD
2009 software that was used to prepare technical drawings of face and tooth forms.
The dental ratios (extent of line TA: extent of line TB) obtained after the tracings,
were classified as tapered (�0.61), ovoid (>0.61 and <0.69), or square (�0.70). This
classification was used to relate tooth form to the shape of the face and compare the
form of MCI between men and women. Association between the shape of the MCI
and the face was determined by Chi-square test using R 3.3.1 software.
Results: The most prevalent tooth form among the subjects was ovoid (women,
32%; men, 31%) followed by tapered (women, 13%; men, 16%). The least prevalent
shape was square (women, 5%; men, 3%). The most prevalent face shape was tapered
(women, 34%; men, 25%) followed by ovoid (women, 15%; men, 22%) and the least
prevalent was square (women, 1%; men, 3%). An association between face shape and
tooth form was statistically not significant.
Conclusion: The most prevalent tooth form in both men and women was ovoid, and
the least prevalent was square. The association between face shape and tooth form
was not significant and did not abide by William’s “Law of Harmony.” However, there
was an association between face shape and gender.

Dentofacial esthetics such as color, shape, and appearance play
a crucial role in a person’s physiological and social well-being.1

Numerous studies have demonstrated that individuals with poor
dental esthetics lack self-esteem.2 Furthermore, it is believed
that better-looking people are more likely to impress in an inter-
view, get prestigious jobs, and experience happier and fulfilling
married lives.3 Thus, esthetic dentistry is becoming a requisite
part of the day-to-day practice of dentists and a topmost concern
for their patients.

Many novel dentofacial treatment techniques and con-
cepts are available to improve the probability of an attrac-
tive outcome.4 The concept of the “esthetic triangle” states
a correlation between tooth form, face form, and alignment
form. Sears, in his “harmony in degree of curvature,” correlated
tooth contour and facial contour in which primarily labial, in-
cisal, and proximal outlines were considered.5 However, it is
well known that facial esthetics mainly rely on the appear-
ance of maxillary central incisors (MCI).6 Also, the placement,

color, and form of MCIs play a significant role in an attractive
smile.7,8

Replacement of missing natural teeth with artificial teeth is
relatively easy when few natural anterior teeth remain, or when
photographs of the smile are available. Otherwise, selection,
molding, and fabrication of the teeth are challenging and do
not always yield a satisfactory outcome.9,10 The goal of this
study was to use MCIs to restore optimal dentolabial relations
in accordance with the patient’s facial shape. Several stud-
ies have considered the contribution of tooth shapes in dental
esthetics.4,11

Many dentists use the essential principles from the theory
of “Law of Harmony” proposed by Leon William for tooth
replacement.12,13 In his theory, he related maxillary anterior
teeth with the inverted contour of the face and found a signif-
icant association between face shape and tooth form. On this
basis, he categorized tooth forms into three shapes—ovoid, ta-
pered, and square.12 An ovoid face was mapped with ovoid
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teeth, a tapered face was mapped with tapered teeth, and a
square face was mapped with square teeth.14 Various authors
revisited this theory to check its validity.12,15-17

Later, dentogenic theory, an extension of William’s concept,
presented by Frush and Fisher, correlated tooth form to sex, per-
sonality, and age (SPA) of the patient.18 This theory revealed
that softness, smoothness, and roundness are characteristics of
women and should be reflected through dentures for female
patients, whereas boldness and masculine vigor are masculine
characteristics, which should be reflected through dentures for
male patients. As per this theory, femininity is particularly char-
acterized by oval tooth shape and rounded tooth edges, while
masculinity is expressed by square teeth. In this theory, he val-
idated a relationship between tooth shape and the gender of an
individual, but not between the tooth form and face shape.7 The
relation of gender and tooth shape intrigued various authors,
who conducted studies to determine this correlation.10,19-21 In
order to technically prove the association of tooth form with
other elements such as face shape and gender of a person, the
current study was conducted to determine the association be-
tween face shape and MCIs of 200 subjects aged between 18
and 30 years.

Materials and methods

The current study was a descriptive study conducted at K.L.E.
V.K Institute of Dental Sciences, Belagavi, Karnataka, India.
Written consent was obtained from the subjects before their
participation in the study. Approval was obtained from the
Institutional Ethical Committee before the commencement of
the study.

A total of 200 subjects within the age group of 18 to
30 years of either gender with a healthy dentition were se-
lected for the study. Of 200 subjects, 100 were women, and 100
were men. The subjects were chosen based on the selection
criteria as follows.

Subjects in the age group of 18 to 30 years who were not
wearing any fixed orthodontic appliances on the maxillary an-
terior teeth were selected for the study. The subjects who had
developmental anomalies of tooth and face, marked tooth wear,
malpositioned teeth, fractured or carious teeth, restoration of
the MCIs, gingival swellings and recession, prosthetic treat-
ment, cleft lip and palate, extraoral appliances, and patients
with identified syndromes were excluded from the study.

Two standard photographs of the 200 subjects were taken—
one portrait photograph with lips closed; the second photograph
was of the anterior teeth with retracted lips with the aid of
the cheek retractors. For each photograph, standard lens (18/
135 mm f; Nikon, Tokyo, Japan) and standardized distances
(portrait, 100 cm; teeth, 12 cm) were used. The height of the
camera (D80; Nikon) was adjusted individually according to
the position of the subject’s eyes using a tripod. The camera
settings were standardized for each photograph with the fol-
lowing characteristics: speed 200, aperture 32, built-in flash
adjusted manually with power 1/32.

The photographs were analyzed using AutoCAD software
2009 (AutoDesk, San Francisco, CA). This software is mainly
designed to prepare technical drawings. All the evaluations
were done by a single trained professional.

Figure 1 Schematic representation of tracings done for right maxillary
central incisor.

Figure 2 Schematic representation of tracings done for inverted face
(adapted from Wolfart et al)7.

In each photograph, the right MCI was selected and traced.
Then, two vertical lines (tangential to the mesial and distal
contours) and two horizontal lines (one on the upper intersection
of distal tangent another on the lower intersection of mesial
tangent with the tooth contour) were drawn. A line equidistant
to the previous two lines (line TB) that represented the largest
tooth width was traced. Vertical midline was drawn from the
center of line TB, which was divided into five parts. A horizontal
line was traced at the junction of the fourth and fifth part (line
TA). To obtain the dental ratio, the extent of line TA was divided
by the extent of line TB (Fig 1). A similar procedure was
performed for the face; however, the outline sketch was turned
upside down. A facial ratio was obtained for the same (Fig 2).

The dental ratios (extent of line TA:extent of line TB) ob-
tained were then classified as tapered (�0.61), ovoid (>0.61
and <0.69), and square (�0.70). This classification was used
to relate the tooth form to the shape of the face and compare the
form of the MCI between the two groups. The data obtained
were statistically analyzed by using R software (R v3.3.1), and
chi-square test was used to determine the relationship between
the shape of the MCI and the shape of the face.
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Table 1 Comparison of frequency of tooth forms between women
and men

Tooth forms, n (%)

Group Tapered Ovoid Square Total, n (%) p Value

Women 26 (13%) 64 (32%) 10 (5%) 100 0.4377
Men 32 (16%) 62 (31%) 6 (3%) 100
Total 58 (29%) 126 (63%) 16 (8%) 200

Table 2 Comparison of frequency of face shapes between women
and men

Face shape, n (%)

Group Tapered Ovoid Square Total, n (%) p Value

Women 68 (34%) 30 (15%) 2 (1%) 100 (50%) 0.024
Men 50 (25%) 44 (22%) 6 (3%) 100 (50%)
Total 118 (59%) 74 (37%) 8 (4%) 200 (100%)

Results
Frequency of tooth forms between women
and men

The descriptive statistics and results of existence of association
between gender and tooth form is given in Table 1. The highest
frequency of tooth form present in both the genders was ovoid
(women, 32%; men, 32%). Tapered tooth form was present in
13% of women and 16% of men. The least prevalent tooth form
in both genders was square (women, 5%; men, 3%). The results
obtained from the chi-square test revealed that the association
between gender and tooth form was not statistically significant
(p = 0.4377).

Association of face shapes between women
and men

The descriptive statistics and results of existence of association
between gender and face shape is given in Table 2. The highest
frequency of face shape in both genders was tapered (women,
34%; men, 25%). The least prevalent shape of face in both gen-
ders was square (women, 1%; men, 3%). The results obtained
from the chi-square test revealed that the association between
gender and face shape was statistically significant (p = 0.024).

Association of face shape and tooth form
between women and men

Association between face shape and tooth form in men and
women is shown in Table 3. Out of 200 subjects, 39% showed
an association between face shape and tooth form. The high-
est association was observed in subjects with ovoid shapes
(23%), followed by tapered shapes (15%), and the least was
observed in subjects with square shapes (1%). The results ob-
tained from the chi-square test revealed that the association
between facial shape and tooth form between women and men
was non-significant (p = 0.4358).

Table 3 Association between face shape and tooth form between
women and men

Association present between face shape
and tooth form, n (%)

Group Tapered Ovoid Square p Value

Women 14 (7%) 20 (10%) – 0.4358
Men 16 (8%) 26 (13%) 2 (1%)
Total 30 (15%) 46 (23%) 2 (1%) 78 (39%)

Association between various face shapes and
tooth forms between women and men

Association of face shape and tooth form is depicted in
Table 4. The highest frequency (38%) was seen between ta-
pered face shape and ovoid tooth form. Also, out of 200 sub-
jects, 63% with various face shapes presented with an ovoid
tooth form, 29% of subjects presented with tapered tooth form,
and 8% presented with square tooth form. The results obtained
from the chi-square test revealed that the association between
various face shapes and tooth forms between two genders was
not statistically significant (p = 0.092).

Discussion

The dominance of an esthetic smile has been attributed to five
esthetic principles: size, form, color, arrangement, and fram-
ing of teeth.5 Of all the teeth, MCIs are considered to be the
principal teeth for an attractive smile.8 This study is based on
William’s typal forms of teeth—tapered, ovoid, and square.13

Leon William, in his concept of “Law of Harmony,” stated a
significant association between the tooth form and face shape.5

Evaluation of the form of MCI in this study revealed that the
ovoid tooth form was dominant among both men and women,
followed by tapered and square tooth forms. The results are in
accordance with Brunetto et al,10 who found ovoid to be the
most prevalent and square to be the least prevalent tooth form
in both women and men. Also, similar results were found in
the studies conducted by Brodbelt et al12 and Wolfart et al.7

However, the results found by Ibrahimagic et al15 and Silva et
al17 are not in accordance with this study.

In the current study, no association was observed between
gender and shape of right MCI. This is in accordance with
the studies performed by Wolfart et al,7 Berksun et al,19 and
Shaweesh et al.20 On the other hand, Brunetto et al10 found a
relationship between gender and tooth form of right MCI.

This study also found that the tapered face shape was preva-
lent among women and men followed by ovoid face shape
and square face shape. Though the trend was the same in both
women and men, the frequency of face shapes was different.
The results of this study agree with those of DeSouza et al,21

in which the tapered face shape was the most prevalent and
square the least prevalent in both women and men. Conversely,
a study conducted by Wolfart et al7 among a European pop-
ulation showed no such association. The disagreement in the
results may be due to difference in the population assessed and
their respective ethnicities.
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Table 4 Association of various face shapes and tooth forms between women and men

Tooth form, n (%)

Tapered Ovoid Square Total p Value

Tapered 30 (15%) 76 (38%) 12 (6%) 118 (59%) 0.092
Face shape Ovoid 26 (13%) 46 (23%) 2 (1%) 74 (37%)

Square 2 (1%) 4 (2%) 2 (1%) 8 (4%)
Total 58 (29%) 126 (63%) 16 (8%) 200

Another significant parameter evaluated in the current study
was the association of the same tooth form to the same face
shape of an individual. Thus, William’s “Law of Harmony”
was re-examined on subjects from diverse ethnic origins, with
advanced software to achieve more accurate outcomes. The
results revealed that the association was not statistically sig-
nificant. The results concluded were in agreement with studies
performed by Wolfart et al,7 Bell,16 and Brodbelt et al.12

Furthermore, individual examinations revealed a statistically
insignificant association between various tooth forms and face
shapes. Also, most of the subjects, irrespective of the face
shapes, had a higher association with ovoid tooth form in
comparison to the other forms, the least being with square tooth
form. Thus, ovoid tooth form has better chances of matching
various face shapes. This is in accordance with Brunetto et al’s
study.10

This study had certain limitations. The evaluated samples
presented with little or no marked alterations in the shape of
the face and incisors. In day-to-day practice, facial asymme-
tries are commonly observed: those owing to soft tissue ab-
normalities, skeletal deviations particularly involving the chin,
detrimental oral habits, and even certain diseases such as Cush-
ing syndrome. These affect the criteria of selection of anterior
teeth. Additionally, the study consisted of subjects from vari-
ous ethnicities and descent, with genetic variability pertaining
to these populations. An amendment of the result among each
population is hence a possibility that needs to be addressed in
further research.

Conclusion

The results of this study indicated that identical face shape
and tooth form did not occur in most of the subjects; however,
the ovoid tooth form was the most prevalent, making it a safe
and reliable choice in cases of any severe doubt concerning
esthetics. Therefore, this could be used as a guideline, but not
as a rule, to choose accurate molds for complete dentures and
to fabricate anterior fixed prostheses.
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ABSTRACT
Aim: This study evaluated the antibacterial activity and dimen-
sional stability of irreversible hydrocolloids mixed with different 
concentrations of chlorhexidine gluconate instead of water.

Materials and methods: Experimental specimens (45 speci-
mens) were prepared and allocated into three groups of 15 each. 
Group I: Impression material mixed with distilled water served 
as control. Groups II and III were prepared with 0.12 and 0.2% 
chlorhexidine gluconate solution, respectively. Specimens in 
each group were subjected to tests for dimensional stability. 
For antimicrobial activity, 30 specimens were prepared and allo-
cated into three groups of 10 each named as group I (control), 
group II (0.12% chlorhexidine gluconate), and group III (0.2% 
chlorhexidine gluconate) similar to specimens for dimensional 
stability. Statistical analysis was performed using a one-way 
analysis of variance (ANOVA) and Tukey test.

Results: Zones of inhibition were observed around test speci-
mens, but not around control specimens; there was a significant 
intergroup difference in the diameters of the inhibition zones. 
In the test for dimensional stability, no significant differences 
were detected among groups, and the accuracy was clinically 
acceptable.

Conclusion: Irreversible hydrocolloid impression material mixed 
with chlorhexidine exhibits varying degrees of antibacterial activ-
ity without influencing the dimensional stability of set material.

Clinical significance: Many contagious diseases can be 
prevented by practical control of infection in the dental office. 
Chlorhexidine gluconate, as a mixing liquid, ensures disinfection 
of impression, and this method of disinfection is more convenient 
and avoids extra effort as in other disinfection techniques.
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INTRODUCTION

As a health professional, it is the responsibility of the 
dental surgeon to prevent disease and treat when disease 
sets in. The American Dental Association (ADA) has rec-
ommended use of gloves, caps, masks, eyeglasses, and 
sterilization of dental materials for control of infection in 
dental offices and laboratories. Impressions along with 
trays are also an important source of cross–contamination, 
which should be considered in infection control.1

In dental clinics, dental impressions are easily contami-
nated with saliva and blood from the oral cavity.2 These 
contaminated impressions, particularly hydrocolloid 
impressions, pose notable risks to dental practitioners, 
patients, and laboratory personnel.3,4 Due to hydrophilic 
nature, irreversible hydrocolloids retain the highest 
number of bacteria.5 Leung and Schonfeld6 reported that 
even stone casts are potential sources of cross-infection. 
Prosthetic work can expose professionals and technicians 
to contagious diseases, such as acquired immunodeficiency 
syndrome, hepatitis, and tuberculosis. Hence, additional 
infection control procedures, such as washing and disin-
fecting impressions should be followed during the manipu-
lation and handling of dental impressions and dentures.1

Many studies have evaluated the effect of various 
disinfectants and methods of disinfecting impression 
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materials, but the results of those studies varied widely. 
Disinfectant should ideally be an effective antimicro-
bial agent, yet cause no adverse effects on properties of 
impression material and the resultant gypsum cast.2

Many methods have been proposed for disinfection 
of irreversible hydrocolloid impression material. Among 
these, spray and immersion are the most common 
methods used in clinical practice. However, these 
methods present several disadvantages. Disinfection 
by immersion or spraying is quite effective in reducing 
cross-infection, but compliance by dental professionals 
has been uneven. The reasons for this include:
•	 Disinfection	involves	an	extra	effort	or	action.
•	 Loss	of	 surface	detail	 and	dimensional	accuracy	of	

the impression by spraying or immersing impression 
material with disinfectants.

•	 Inhalation	of	disinfectants	used	for	spray	and	immer-
sion techniques may present health risks to the dental 
team.

•	 Toxic	disinfectants	cause	corrosion	of	metallic	trays	
or dislodgement of the impression from the tray.7

Due to these difficulties, self-disinfecting irreversible 
hydrocolloid impression materials evolved as those are 
impregnated with disinfectants. This technique reduced 
the overall quantity of bacteria on the impression mate-
rial, without affecting dimensional stability than spray 
and immersion techniques, and saved disinfection time.7

However, disinfectant was impregnated into the 
powder of impression material for most of the self- 
disinfecting irreversible hydrocolloid impression materi-
als and few attempts have been made to add disinfectants 
into the mixing liquid. Hence, in the present study, various 
concentrations of chlorhexidine gluconate solution were 
used to mix the irreversible hydrocolloid impression 
material powder, and the antibacterial effect and dimen-
sional accuracy of impression material were evaluated.

The purpose of the study was to determine the 
following:
•	 Whether	 in vitro antibacterial activity against rep-

resentative pathogenic microbes could be obtained 
after mixing chlorhexidine gluconate with irreversible 
hydrocolloid impression material

•	 The	effects	of	chlorhexidine	solution	on	the	dimen-
sional accuracy of irreversible hydrocolloid impres-
sion material

•	 The	concentration	of	chlorhexidine	recommended	for	
producing the self-disinfecting impression material

MATERIALS AND METHODS

Impression Materials and Gypsum Products

Irreversible hydrocolloid impression material gener-
ally used in prosthodontic and orthodontic practice 

was selected for the study. The commercial alginate 
Tropicalgin (Zhermack) and a range of gypsum prod-
ucts commonly used in clinical practice were used in the 
study. Impression material and gypsum products were 
manipulated according to manufacturer’s instructions.

Disinfection Procedures

The disinfecting solution used was chlorhexidine glu-
conate solution in two concentrations, namely, 0.12 and 
0.2%. Chlorhexidine was used in its pure form with no 
additives and preservatives (ICPA health products Ltd., 
Ahmedabad, India). Distilled water was used as a control. 
Chlorhexidine was used as mixing liquid for irreversible 
hydrocolloid.

Measurement of Dimensional Accuracy

A master die according to the ADA specification (speci-
fication no. 18)8 was used in the study as shown in 
Figure 1. A stainless steel block was machined into a 
round base and a platform. Two points, namely x and x′, 
were identified on the master die, which were formed 
at the intersection of the 25 µm (width) vertical line and 
the two horizontal lines d1 and d2. Then, the distance 
between points x and x′ was measured using an electronic 
caliper to evaluate the dimensional stability. As shown 
in Figure 1, custom tray for this steel die was fabricated. 
A wax spacer was positioned over the entire master die, 
resembling an inverted loaf to provide uniform spacing 
(2 mm) and consistent seating against the die base for 
the acrylic resin trays. Custom trays were fabricated over  
the die. Uniformly spaced perforations were placed in the 
trays with a round bur to retain the irreversible hydro-
colloid without an adhesive. Irreversible hydrocolloid 
impression material was mixed according to manufac-
turer’s instructions. Chlorhexidine gluconate solution 
was used as mixing liquid for test groups and autoclaved 

Fig. 1: ADA specification no. 18 master die
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distilled water for control group. Impressions of the steel 
die were made with the custom tray, and allowed to set 
for 6 minutes at room temperature with uniform pres-
sure on the die. Impressions were poured immediately 
in die stone, and stone casts were recovered. Die stone 
was mixed according to manufacturer’s instructions and 
mechanically spatulated with a stirring instrument. The 
stone casts were allowed to set for 2 hours before separa-
tion and were dried at room temperature for at least 24 
hours before being measured. Measurements were made 
by single operator using an electronic digital caliper 
between two designated points on the specimen. Mean 
dimensions of the stone cast (control or after disinfection), 
which were obtained by calculating the mean of three 
measurements for the stone cast, were compared with a 
mean of three readings of master die. Results were then 
subjected to statistical analysis.

The dimensional stability was calculated using the 
following formula2:

(L-L′/L) × 100

where L represents the dimensions of the master die 
which were obtained by calculating the mean of three 
measurements; L′ represents the mean dimension of 
the stone cast (control or after disinfection) which were 
obtained by calculating the mean of three measurements 
for the stone cast.

Preparation of Test and Control Specimens

Specimens made from irreversible hydrocolloid impres-
sion material were prepared in accordance with the 
specific requirements in different tests. The specimens 
were divided into three groups in each test: Group I 
specimens prepared by mixing irreversible hydrocolloid 
with autoclaved distilled water which served as control, 
group II specimens were mixed with 0.12% chlorhexidine 

solution, and group III specimens were mixed with 0.2% 
chlorhexidine solution.

Measurement of Antibacterial Effect

The agar well technique was used to assess the antibac-
terial activity of the specimens. Irreversible hydrocol-
loid impression material was mixed according to the 
powder/liquid ratio recommended by the manufacturer. 
Then impression disks, 6 mm in diameter and 1 mm in 
thickness, were prepared. These impression disks were 
embedded in nutrient agar plates previously inoculated 
with the appropriate microorganisms under sterile con-
ditions. On each agar plate, two impression disks were 
embedded from each of the two test groups (group 0.12%, 
group 0.2%). The control specimen (autoclaved distilled 
water) was placed in each plate (Fig. 2). Finally, all plates 
were incubated in the appropriate aerobic environment 
for 24 hours at 37°C.

After incubation, the clear zones or inhibitory areas 
appeared around the specimens (Fig. 3). Inhibitory zones 
were measured with an antibiotic zone scale to evaluate 
the antibacterial effect (Fig. 4). The following microor-
ganisms were used: American Type Culture Collection 
(ATCC) Staphylococcus aureus ATCC 29213 and S. aureus 
ATCC 33591.

RESULTS

The means and standard deviations of the dimensional 
changes are presented in Table 1. Control specimens 
showed greater dimensional accuracy in comparison 
with test groups. However, there was no significant dif-
ference in dimensional accuracy between impression 
materials mixed with different concentrations of disin-
fectant solution. However, the differences in dimensional 
accuracy of three groups were statistically nonsignificant  

Fig. 2: Specimens embedded in media inoculated with microorganisms
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(p < 0.05) (Graph 1). Table 2 summarizes comparison of the 
study groups with mean dimensional change scores by 
one-way ANOVA with no significant differences (p < 0.05) 
among groups in relation to each other.

Well-defined	 zones	 of	 inhibition	 became	 apparent	
after incubation period, and consistent measuring of 
inhibitory fields was done. Mean diameters of inhibited 
zones for each microorganism are presented in Table 3. 
The results demonstrated zones of inhibition around the 
test specimens on all plates. No zones of inhibited growth 
were observed around the control wells on agar plates. 
One-way ANOVA and Tukey test revealed that the inhi-
bition zones tested became significantly larger for each 

microorganism when the concentrations of chlorhexidine 
solution were raised from 0.12 to 0.2%.

DISCUSSION

Decontamination of impression materials is an essential 
stage in controlling cross-infection in dentistry.9 Use 
of disinfectant-supplemented irreversible hydrocol-
loid impression materials provides greater efficiency 
and effectiveness compared with the other disinfection 
techniques.7

Oral microorganisms easily get incorporated in 
impression materials during setting. Immersing or spray-
ing rinsed impressions provide only surface disinfection. 
However, the self-disinfecting impression is uniformly 
disinfected throughout the material and not just on the 
surface. Impression material takes up oral fluids and 
microbes while setting, which introduces microorganisms 
within the material. Therefore, disinfectant-supplemented 
alginates could eliminate most of the microbes that were 
incorporated into the set impression materials.7

Fig. 4: Measurement of inhibitory zones

Table 1: Mean, SD, SE, and coefficient of variation of 
dimensional change scores in three study groups

Groups Mean ± SD SE
% of dimensional 
change

Control distilled water 24.96 ± 0.03 0.01 0.15
0.12% chlorhexidine 24.64 ± 0.35 0.11 1.42
0.2% chlorhexidine 24.66 ± 0.34 0.10 1.37
SE: Standard error, SD: Standard deviation

Table 2: Comparison of three study groups with mean 
dimensional change scores by one-way ANOVA

Source of 
variation

Degrees of 
freedom

Sum of 
squares

Mean sum 
of squares f-value p-value

Between 
groups

2 1.29 0.6447 8.0952 0.0008*

Within 
groups

57 4.54 0.0796

Total 59 5.83
*p<0.05

Table 3: Mean diameter of inhibition zone (mm) for each 
bacterial species and group

Species 0.12% 0.2% Control

S. aureus ATCC 33591 14 15 0

S. aureus ATCC 29213 19 20 0

Fig. 3: Inhibitory zones after 24 hour incubation period

Graph 1: Comparison of three study groups with mean 
dimensional change scores
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Chlorhexidine is a broad-spectrum disinfectant, 
i.e., an effective antiplaque and antigingivitis agent. 
Chlorhexidine has been studied in several mouthrinse 
formulations and is proved to be safe and effective.7 Most 
commonly used concentrations of chlorhexidine solutions 
as mouth rinse are 0.12 and 0.2%; these concentrations are 
proved to be effective against most of the microbes. To 
be indicated as a substitute for water, the solution used 
for the mix should be biocompatible and not affect either 
the physical or mechanical properties of the irreversible 
hydrocolloid. Chlorhexidine gluconate solution was 
selected for this research because it fulfills those require-
ments. Chlorhexidine was used in its pure form without 
any additives to eliminate effects of other ingredients on 
properties impression material. Thickness of samples to 
test for antibacterial activity was kept uniform, i.e., 2 mm 
to achieve consistent results.

Disinfection method used in this study is shown to be 
effective against S. aureus, which is in accordance with a 
study conducted by Casemiro et al10; they evaluated in 
vitro antimicrobial activity of irreversible hydrocolloids 
prepared with a 0.2% chlorhexidine gluconate solution 
against oral microbiota. They found that chlorhexidine 
was effective against S aureus.

Staphylococcus aureus is found to be sensitive to 
chlorhexidine, which is in agreement with the study by 
Wang7 and Zahraa Alwahab.11 Positively charged chlorhex-
idine molecule interacts with negatively charged bacterial 
cell wall and permits agent to penetrate into cytoplasm 
leading to potassium leakage and death of microbe.11

It was expected that exposure of impression materials 
to disinfectants would adversely affect dimensional accu-
racy.9 However, results of this study show that the dimen-
sional changes were insignificant when chlorhexidine was 
used as mixing liquid. Specimens made with distilled 
water were more dimensionally accurate in comparison to 
specimens made with 0.12 and 0.2% chlorhexidine solution.

The mean percentage deviation of measurements 
recorded for gypsum product produced comparable 
results. There was no significant difference in the overall 
dimensional accuracy between casts made from impres-
sion materials mixed with different concentrations of 
chlorhexidine. This is in agreement with study conducted 
by Taylor et al.9

The result of the current study is also in agree-
ment	with	study	conducted	by	Wang	et	al.7 The three- 
dimensional accuracy of the irreversible hydrocolloid 
was not influenced, even if chlorhexidine solution 
served as the mixing liquid.

Acceptable methods for measuring dimensional accu-
racy of casts include measuring microscopes, microm-
eters, dial gauges, and calipers.9 Digital caliper was used 
in the study with good reproducibility between repeat 
readings of each measurement.

Ramer et al12 conducted a study to evaluate the accu-
racy of alginate impressions made with water to which 
iodine or chlorhexidine was added. They found that 
accurate casts can be made when either of the disinfectant 
is incorporated into alginate impression material. This is 
in agreement with results of this study.

Amalan et al13 evaluated properties of irreversible 
hydrocolloid impression materials mixed with disin-
fectant liquids. Impression material was mixed with 0.1 
and 0.2% chlorhexidine, which is similar to the method 
employed in this study. They concluded this method of 
disinfection ensures disinfection of impressions without 
significantly altering its properties.

Flanagan et al14 evaluated antimicrobial activities of 
dental impression material. They found that alginate with 
chlorhexidine killed all the Gram-negative bacilli and 
majority of Gram-positive cocci and yeast. Chlorhexidine 
is an effective antimicrobial agent and ensures disinfec-
tion of impression.

Rosen and Touyz15 studied changes in working time 
and accuracy of alginate impression material when mixed 
with disinfectant solutions rather than water. Results 
indicate that when chlorhexidine is used as a substitute 
for water, it does not modify working time beyond accept-
able limits and has no significant effect on dimensional 
accuracy of the material.

There was a deviation between master model and test 
specimens. This level of deviation would have greater 
significance if impressions were to be used to construct 
fixed prosthesis. Irreversible hydrocolloid impression 
materials are usually used in prosthetic and orthodon-
tics purposes where the level of accuracy is less critical.9 
Hence, chlorhexidine can be safely used as mixing liquid 
for irreversible hydrocolloid impression material.

CONCLUSION

1. Chlorhexidine self-disinfecting irreversible hydrocol-
loid impression material exhibits varying degrees of 
in vitro antibacterial activity. This disinfection method 
was effective in the elimination of S. aureus.

2. Based on the findings of this study, chlorhexidine can 
be used as mixing liquid for irreversible hydrocolloid, 
without influencing the dimensional stability of set 
material.

3. Based on the findings of this study, 0.2% is the recom-
mended concentration for chlorhexidine solution to 
produce the self-disinfecting impression material.
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Introduction
Prosthetic	 dentistry	 involves	 the	 restoration	
and	 maintenance	 of	 oral	 functions,	
comfort,	 appearance,	 and	 health	 of	 the	
patient	 by	 the	 replacement	 of	 missing	
teeth	 and	 contiguous	 tissues	 with	 artificial	
substitutes.[1]	Prosthetic	options	for	partially	
edentulous	 patients	 include	 removable	
partial	 denture	 (RPD),	 fixed	 dental	
prosthesis	 (FDP),	 and	 an	 implant‑retained	
prosthesis.

However,	 FDP	 and	 implant‑retained	
prosthesis	 are	 not	 always	 feasible,	
particularly	 in	 participants	 with	 excessive	
residual	 ridge	 resorption	 and	 jaw	 defects	
due	 to	 trauma	 and/or	 surgical	 ablation.	
In	 such	 situation,	 a	 dentist	 may	 resort	 to	
another	 option	 of	 fixed‑RPD	 prosthesis,	 to	
restore	 the	 defective	 hard	 and	 soft	 tissues	
so	as	to	achieve	natural	esthetics,	phonetics,	
comfort,	 and	 better	 hygiene.	 This	 hybrid	
prosthesis	 fulfills	 the	 objectives	 of	 the	
rehabilitation	 such	 as	 support,	 stability,	
and	 retention	 characteristics	 similar	 to	 a	
fixed	 prosthesis	 and	 esthetics	 and	 hygiene	
maintenance	of	a	removable	prosthesis.[2‑5]

Any	 prosthesis	 designed	 or	 fabricated	
should	be	based	on	the	prosthetic	principles	
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Abstract
The	 restoration	 of	 normal	 function	 and	 esthetic	 appearance	 with	 a	 dental	 prosthesis	 is	 a	 major	
challenge	 in	 the	 rehabilitation	 of	 patients	 who	 have	 lost	 their	 teeth	 and	 surrounding	 bone	 because	
of	 surgery	 for	 oral	 cyst	 or	 tumor.	 Rehabilitation	 with	 fixed	 or	 removable	 prosthesis	 is	 even	 more	
challenging	 when	 the	 edentulous	 span	 is	 long	 and	 the	 ridge	 is	 defective.	 Anatomic	 deformities	
and	 unfavorable	 biomechanics	 encountered	 in	 the	 region	 of	 resection	 add	 to	 the	 misery.	 In	 such	
situation,	a	fixed‑removable	prosthesis	allows	favorable	biomechanical	stress	distribution	along	with	
restoration	of	 esthetics,	phonetics,	 comfort,	hygiene,	 and	better	postoperative	care	and	maintenance.	
This	article	describes	rehabilitation	of	two	cases	with	mandibular	defects	with	an	attachment‑retained	
fixed‑removable	hybrid	prosthesis.
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of	 support,	 stability,	 retention,	 and	
preservation	of	remaining	structures.[1]	From	
patient’s	perspective,	retention	is	one	of	the	
important	factors	for	its	acceptability.	These	
retentive	 options	 range	 from	 a	 simple	 bar	
and	 clip	 attachments	 to	 more	 sophisticated	
spark	 erosion	 overdentures.[6,7]	 Spark	
erosion	 prosthesis	 is	 technique	 sensitive,	
bulky,	 and	 require	 expensive	 equipment.[6,7]	
On	 the	 other	 hand,	 precision	 attachments	
provide	 better	 vertical	 support	 and	
stimulation	to	 the	underlying	tissue	 through	
intermittent	vertical	massage.[8]

Treatment	 with	 a	 hybrid	 denture	 is	 an	
affordable	 choice	 to	 fulfill	 the	 patient’s	
esthetic	 demands	 together	 with	 providing	
a	 good	 prognosis	 for	 the	 prosthesis	 and	
preservation	 of	 the	 remaining	 dentition.	
This	 article	 presents	 two	 case	 reports	
of	 prosthodontic	 rehabilitation	 of	 a	
patient	 with	 mandibular	 defects	 using	 an	
attachment‑retained	 fixed‑removable	 hybrid	
prosthesis.

Case Reports
Case 1

A	 29‑year‑old	 male	 patient	 reported	 to	
the	 Department	 of	 Prosthodontics	 and	
Crown	 and	 Bridge,	 with	 a	 chief	 complaint	
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of	 unesthetic	 appearance	 and	 difficulty	 in	 chewing	 food.	
History	revealed	that	patient	had	undergone	surgery	for	oral	
tumor	present	on	the	lower	right	posterior	region	of	the	jaw	
1	year	 back,	which	 resulted	 in	 a	 large	 hard	 and	 soft	 tissue	
deformity	 [Figure	 1].	 On	 examination	 of	 the	 maxillary	
arch,	 all	 the	 teeth	 were	 intact	 with	 good	 periodontal	
conditions.	Mandibular	 arch	 examination	 revealed	missing	
lower	 right	 canine,	 premolars,	 and	 first	 molar.	 Mild	
recession	on	the	distal	side	of	the	lower	right	lateral	incisor	
was	 seen.	 The	 restorative	 space	 of	 this	 Kennedy	 Class	 3	
defect	 was	 >15	mm	 [Figure	 2].	 Radiographic	 examination	
revealed	20%	bone	 loss	with	 lower	right	 lateral	 incisor	but	
no	 clinical	 mobility.	 Considering	 the	 extent	 of	 the	 defect,	
the	 required	prosthesis	was	planned	not	only	 to	 restore	 the	
missing	 teeth	 but	 also	 to	 restore	 the	 deficient	 part	 of	 the	
ridge	as	well.

Treatment	 options	 suggested	 were	 removable	 cast	 partial	
denture,	 and	 an	 implant	 supported	 FDP.	 The	 patient	 was	
not	 willing	 for	 a	 removable	 prosthesis	 and	 also	 could	 not	
afford	 the	 cost	 and	 elective	 surgery	 associated	 with	 an	
implant‑supported	 prosthesis.	 Entirely	 tooth‑supported	
conventional	 FDP	 could	 not	 be	 used	 in	 this	 situation	
because	of	the	unfavorable	long‑term	prognosis.

Considering	 the	 clinical	 findings,	 a	 fixed‑removable	 dental	
prosthesis	 using	 cement	 retention	 for	 the	 fixed	 metal	
fused	 to	 ceramic	 bar	 framework	 and	 ball	 retention	 for	 the	
RPD	 was	 planned	 for	 the	 rehabilitation	 of	 the	 long	 span	
Kennedy	 Class	 3	 partially	 edentulous	 space	 in	 the	 lower	
right	posterior	region	of	the	jaw.	The	patient	was	explained	
about	 the	 treatment	 procedures,	 and	 informed	 consent	was	
obtained.
Diagnostic	 impressions	 of	 the	 maxillary	 and	 mandibular	
arches	 were	 made	 using	 irreversible	 hydrocolloid	
(Tropicalgin,	 Zhermack,	 Italy).	 The	 casts	 were	 poured	
with	 model	 plaster	 (Kalabhai,	 Kaldent,	 India)	 and	 were	
articulated	 using	 facebow	 and	 centric	 bite	 record.	 On	
these	 casts,	 a	 diagnostic	 wax	 pattern	 was	 fabricated	 of	
the	missing	 teeth.	A	 putty	 index	 of	 this	 pattern	 was	made	
using	 addition	 silicone	 putty	 material	 (Aquasil,	 Dentsply,	
Germany)	to	fabricate	temporary	restoration	at	a	later	stage.

The	abutment	teeth	were	prepared	to	receive	porcelain	fused	
to	metal	 restoration	with	 lower	 right	 central	 incisor,	 lateral	
incisor,	and	second	molar	and	all	metal	restoration	with	the	
third	molar.	A	two‑stage	putty‑light	body	impression	of	 the	
lower	 arch	was	made	 and	 poured	 in	 die	 stone	 (Pearlstone,	
Asian	 Chemicals,	 India).	 Temporary	 FDP	 was	 fabricated	
using	 the	 putty	 index	 and	 cemented	 using	 temporary	
cement	(Temp‑Bond,	Kerr	Corporation,	Romulus).

Wax	patterns	were	fabricated	for	all	 the	prepared	 teeth	and	
a	wax	custom	bar	running	over	edentulous	deficit	ridge	was	
connected	 to	 these	 prepared	wax	 patterns.	 Ball	 attachment	
patterns	 (Rhein	 83,	USA)	were	 attached	 to	 the	 custom	bar	
in	 the	 region	of	 second	premolar	 and	first	molar.	Selection	
criteria	for	precision	attachment	were	based	on	location	and	

length	of	 the	 edentulous	 span;	 function,	 retention	 required,	
and	economical	constraints	of	the	patient.

Spruing,	 investing,	 casting,	 and	 finishing	 and	 polishing	 of	
this	 nickel–chromium	 (Ni‑Cr)	 alloy	 framework	were	 done.	
Framework	 try‑in	 was	 done	 in	 patient’s	 mouth	 to	 assess	
the	fit	and	availability	of	 interarch	space.	After	satisfactory	
try‑in,	 the	 ceramic	 (VITA	 Zahnfabrik,	 Germany)	 layering	
was	 done	 for	 all	 the	 retainers,	 except	 for	 lower	 right	 third	
molar.	The	bisque	 trial	was	done	 to	evaluate	 the	shade	and	
fit	of	the	fixed	prosthesis	[Figure	3].

The	single‑stage	putty‑light	body	addition	silicone	pick‑up	
impression	of	the	lower	arch	was	made	with	retention	caps	
secured	 over	 the	 ball	 attachment.	 The	 cast	 was	 poured	

Figure 1: Computed tomography with three-dimensional reconstruction 
showing hard tissue defect in the lower right posterior region

Figure 2: Intraoral view showing mandibular long-span Kennedy Class 3 
partially edentulous arch

Figure 3: Bisque trial of a fixed prosthesis
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using	 die	 stone.	 Temporary	 denture	 base	 and	 the	 wax	
occlusal	 rim	were	 fabricated	covering	 the	edentulous	area.	
The	 jaw	 relation	 was	 recorded	 followed	 by	 articulation	
and	 teeth	 arrangement	 was	 done	 to	 achieve	 unilateral	
balanced	 occlusion	 with	 disclusion	 of	 all	 nonworking	
side	 teeth	 on	 lateral	 excursion.	Waxed	 denture	 try‑in	 was	
done	 followed	 by	 acrylization	 with	 heat‑polymerized	
acrylic	 resin	 (Trevalon	 HI,	 Dentsply,	 India).	 Laboratory	
remounting	 and	 finishing	 and	 polishing	 of	 the	 prosthesis	
were	 done	 [Figure	 4].	 Standard	 retention	 caps	 were	
inserted	 in	 the	 slot	 present	 on	 the	 intaglio	 surface	 of	 the	
RPD.

Cementation	 of	 a	 metal	 framework	 with	 auxiliary	
attachment	 was	 done	 using	 Type	 1	 Glass	 ionomer	 cement	
(GC	 Gold	 Label	 1,	 Japan)	 and	 the	 removable	 denture	
was	 attached	 to	 this	 framework	 using	 the	 ball	 attachment	
[Figure	 5].	 Postinsertion,	 hygiene,	 and	 home	 care	
instructions	 were	 explained	 to	 the	 patient.	 Recall	 visits	 of	
1‑	 and	 3‑month	 follow‑up	 of	 the	 prosthesis	were	 found	 to	
be	satisfactory	in	terms	of	function	and	esthetics.

Case 2
A	24‑year‑old	male	patient	was	 referred	 to	 the	Department	
of	 Prosthodontics	 and	 Crown	 and	 Bridge,	 for	 prosthetic	
rehabilitation	 of	 defect	 in	 the	 right	 posterior	 region	 of	 the	
lower	jaw.	History	revealed	that	patient	had	ameloblastoma	
in	 the	 lower	 right	 posterior	 region	 of	 the	 jaw	 and	 was	
operated	 for	 the	 same	a	year	back,	during	which	his	 lower	
right	 molars	 and	 premolars	 were	 removed	 along	 with	

excised	 tissue.	 This	 resulted	 in	 large	 soft	 and	 hard	 tissue	
defect	in	relation	to	the	lower	right	posterior	region.

Initially,	 immediate	 surgical	 obturator	 was	 fabricated	 to	
reduce	 infection	 and	 facilitate	 healing.	 Interim	 obturator	
later	replaced	surgical	obturator.	A	regular	relining	with	soft	
liner	 (Soft‑Liner,	 GC	 corporation,	 Japan)	 was	 done	 every	
2	 weeks,	 up	 to	 10	 months,	 during	 which	 postoperative	
healing	was	found	to	be	uneventful	with	no	clinical	sign	of	
recurrence.

Reevaluation	of	the	oral	condition	was	done	after	complete	
healing	 of	 the	 defect.	 On	 examination	 of	 the	 maxillary	
arch,	 all	 the	 teeth	 were	 found	 to	 be	 intact	 with	 good	
periodontal	 health.	 Mandibular	 arch	 examination	 revealed	
missing	lower	right	premolar	and	molars	[Figures	6	and	7].	
The	 lower	 right	 canine	 showed	 recession	 but	 no	mobility.	
Radiographic	 examination	 revealed	 30%	 bone	 loss	 with	 a	
canine	 [Figure	8].	Restorative	space	of	 this	Kennedy	Class	
2	defect	was	found	to	be	>15	mm.

The	 replacement	 of	 right	 lower	 posterior	 teeth,	 along	
with	 soft	 tissue	 deformity,	 also	 needs	 to	 be	 restored.	
Hence,	 considering	 the	 age	 and	 financial	 constraints	 of	
the	 patient,	 a	 fixed‑removable	 prosthesis	 with	 precision	
attachment	 was	 planned.	 The	 patient	 was	 explained	
in	 detail	 about	 the	 treatment	 procedure,	 and	 informed	
consent	was	obtained.

Figure 4: Fixed and removable prosthesis before cementation

Figure 5: Intraoral view showing the removable prosthesis retained by 
metal framework with precision attachment

Figure 6: Intraoral view showing missing right mandibular premolars and 
molars along with soft tissue defect Figure 7: Preoperative intraoral occlusal view of mandibular arch
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Diagnostic	 impressions	 of	 the	 maxillary	 and	 mandibular	
arches	 were	 made	 using	 irreversible	 hydrocolloid	
(Tropicalgin,	 Zhermack,	 Italy)	 and	 were	 poured	 using	
dental	 stone	 (Kalabhai,	 Kaldent,	 India).	 Diagnostic	 jaw	
relation	 was	 recorded	 and	 casts	 were	 articulated	 using	
facebow	 and	 centric	 bite	 record.	 These	 articulated	 casts	
were	 assessed	 for	 interarch	 space,	 existing	 occlusion,	 and	
extension	of	the	prosthesis.

Abutment	 tooth	 preparations	 were	 done	 with	 lower	 left	
and	 right	 central	 incisor,	 left	 lateral	 incisor,	 and	 canine	 to	
receive	 porcelain	 fused	 to	 metal	 restoration.	 A	 two‑stage	
putty‑light	 body	 addition	 silicon	 impression	 of	 the	 lower	
arch	was	made	 and	 poured	 in	 die	 stone	 (Pearlstone,	Asian	
Chemicals,	India).

Wax	patterns	were	fabricated	for	all	 the	prepared	 teeth	and	
a	 wax	 custom	 bar	 running	 over	 the	 edentulous	 area	 was	
connected	 to	 these	 prepared	wax	 patterns.	 Ball	 attachment	
patterns	 (Rhein	 83,	USA)	were	 attached	 to	 the	 custom	bar	
in	 the	 region	 of	 first	 premolar	 and	 first	 molar	 [Figure	 9].	
Length	of	cantilever	was	decided	based	on	remaining	teeth	
and	 type	 of	 support	 required	 for	 the	 prosthesis.	 Since	 the	
prosthesis	 was	 tooth‑tissue	 supported	 and	 the	 teeth	 absent	
was	 very	 few	 and	 limited	 only	 to	 the	 fourth	 quadrant,	
cantilever	 was	 extended	 more	 than	 the	 anteroposterior	
spread	of	the	abutment	teeth.

The	 pattern	 was	 invested	 and	 cast	 with	 Ni‑Cr	 alloy,	
which	 was	 followed	 by	 finishing	 and	 polishing	 of	 the	
framework.	Intraoral	framework	try‑in	was	done	to	assess	
the	 fit	 and	 available	 interarch	 space.	 Ceramic	 (VITA	

Zahnfabrik,	Germany)	 layering	was	done	with	 respect	 to	
all	the	retainers	and	the	bisque	trial	was	done	to	evaluate	
the	shade	and	fit	of	 the	fixed	prosthesis	[Figure	10].

Undercut	 blockout	 of	 the	 framework	 was	 done	
and	 single‑stage	 putty‑light	 body	 addition	 silicone	
(Aquasil,	Dentsply,	Germany)	pickup	impression	was	made	
with	 retention	 caps	 placed	 over	 the	 stud	 attachments	 and	
the	 cast	 was	 poured	 with	 die	 stone.	 Temporary	 denture	
base	and	the	wax	occlusal	rim	were	fabricated	covering	the	
edentulous	 area.	 The	 jaw	 relation	 was	 recorded	 followed	
by	 facebow	 transfer	 and	 articulation.	 Teeth	 arrangement	
was	 done	 to	 achieve	 unilateral	 balanced	 occlusion	 with	
disclusion	of	all	nonworking	side	teeth	on	lateral	excursion.	
Waxed	 denture	 try‑in	 was	 done	 followed	 by	 acrylization	
using	 heat‑polymerized	 acrylic	 resin	 (Trevalon	 HI,	
Dentsply,	 India).	 Finishing	 and	 polishing	 of	 the	 prosthesis	
were	done.	Standard	retention	caps	were	inserted	in	the	slot	
present	on	the	undersurface	on	the	RPD.

Prosthesis	 framework	 with	 auxiliary	 attachment	 was	
cemented	 using	 type	 1	 glass	 ionomer	 cement	 (GC	 Gold	
Label	 1,	 Japan)	 and	 the	 removable	 denture	 was	 retained	
over	 this	 framework	using	 the	ball	 attachment	 [Figure	11].	
The	patient	was	 trained	about	 insertion	and	 removal	of	 the	

Figure 8: Preoperative  orthopantomogram (OPG) of a patient

Figure 9: Wax pattern showing retainers attached to custom bar with ball 
attachment

Figure 10: Bisque trial of a fixed prosthesis
Figure 11: Intraoral view showing the removable prosthesis retained by 
metal framework with precision attachment
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prosthesis	 followed	 by	 home	 care	 instructions.	 1‑,	 3‑,	 and	
6‑month	[Figure	12]	follow‑up	was	found	to	be	satisfactory	
in	terms	of	function	and	esthetics.

Discussion
RPD,	 Clasp‑retained	 RPD,	 FDP,	 and	 an	 implant‑retained	
prosthesis	are	the	various	options	available	for	rehabilitation	
of	 missing	 teeth.	 Fixed‑removable	 dental	 prosthesis	 was	
introduced	 by	 Dr.	 James	 Andrews	 where	 fixed	 bridge	 is	
made	 of	 porcelain	 fused	 to	 metal	 crowns	 and	 fused	 to	
premanufactured	 bar	 that	 is	 permanently	 cemented	 to	 the	
prepared	abutment,	while	 the	 removable	portion	 is	made	of	
acrylic	and	is	retained	on	to	fixed	bar.[6]	It	is	used	principally	
when	 the	 placement	 of	 the	 pontics	 of	 an	 FPD	 would	
compromise	 esthetic	 appearance	 and	 when	 the	 abutments	
are	capable	of	supporting	an	FPD,	but	the	residual	ridge	has	
undergone	extensive	alveolar	bone	and	soft	tissue	loss.[4]

Cheatham	 et	 al.,[2]	 Mueninghoff	  et	 al.,[3]	 and	 Jain[5]	 have	
described	 techniques	 for	 oral	 rehabilitation	 of	 missing	
anterior	 teeth	 with	 ridge	 defect	 using	 Andrew’s	 bar	
system.	 Jeyavalan	 et	al.,[4]	  	 Shetty	  et	al.,[9]	 Patel	 et	al.,[10]	
and	 Wangoo	 et	 al.[11]	 have	 described	 techniques	 for	 oral	
rehabilitation	 of	 missing	 teeth	 with	 ridge	 defect	 using	
either	 prefabricated	 or	 custom‑made	 attachment.	 The	
placing	 implant	 was	 a	 questionable	 procedure	 considering	
the	 available	 bone	 length	 and	 bone	 graft	 procedures	
required.	 Considering	 severity	 of	 the	 defect,	 FDP	was	 not	
suitable,	 which	 could	 have	 resulted	 in	 overly	 long	 pontics	
compromising	 the	 esthetics	 and	 biomechanics	 of	 the	
prosthesis.	Hence,	 considering	 the	age	and	financial	 status,	
precision	 attachment‑retained	 fixed‑removable	 prosthesis	
was	 selected	 over	 clasp‑retained	 RPD	 to	 rehabilitate	
Kennedy	Class	 2	 and	 3	 hard	 and	 soft	 tissue	 defect	with	 a	
crown	height	space	of	>15	mm.

Persic	 et	 al.	 in	 their	 study	 evaluated	 the	 effects	 of	 various	
treatment	 options	 taking	 into	 consideration	 esthetics,	
chewing,	and	oral	health‑related	quality	of	life	and	concluded	
that	 treatment	 outcomes	 were	 better	 in	 the	 precision	
attachment‑retained	RPD	than	the	clasp‑retained	RPD.[12]

A	 fixed‑removable	 prosthesis	 is	 an	 efficient	 and	
cost‑effective	 treatment	 option	 for	 long	 span	 partially	

edentulous	 ridge.	 There	 are	 various	 advantages	 to	 such	
prosthesis.	 It	 has	 retention	 and	 stabilizing	 qualities	 of	
a	 fixed	 prosthesis	 and	 flexibility	 in	 teeth	 arrangement,	
hygiene	 maintenance,	 and	 esthetics	 of	 removable	
prosthesis.	 Apart	 from	 this,	 it	 also	 splints	 the	 teeth	 and	
provides	 favorable	 biomechanics.	 In	 addition,	 precision	
attachment	allows	the	prosthesis	to	be	inserted	and	removed	
a	number	of	 times	without	 losing	 retention.	The	 laboratory	
procedures	 involved	 in	fabricating	 this	prosthesis	 is	similar	
to	conventional	laboratory	techniques.

However,	 the	 use	 of	 precision	 attachment	 RPD	 design	
should	 be	 carefully	 considered,	 and	 clasp‑type	 RPDs	
should	 be	 used	 whenever	 practical	 because	 of	 their	
lower	 cost,	 ease	 of	 fabrication	 and	 maintenance,	 and	 the	
predictability	 of	 results.	 Repeated	 removal	 and	 placement	
of	 prosthesis	 result	 in	wear	 of	 the	 retention	 clip,	 requiring	
periodic	 replacement	 of	 the	 clip.	 Daily	 oral	 hygiene	
maintenance	and	care	of	 the	prosthesis	 are	 required	on	 the	
part	of	 the	patient.	The	 long‑term	success	of	 the	prosthesis	
requires	 knowledge	 of	 important	 laboratory	 techniques,	
clinical	 skills,	 and	 proper	 execution	 of	 all	 the	 clinical	 and	
laboratory	procedures.

In	 the	 proper	 clinical	 scenario,	 the	 fixed‑removable	 bridge	
meets	 all	 the	 demands	 of	 function	 and	 esthetic	 appearance	
with	 the	 added	 benefit	 of	 facilitating	 careful	 postoperative	
evaluation	of	oral	soft	tissue.

Conclusion
This	article	describes	rationale	and	technique	for	fabricating	
fixed‑removable	prosthesis	using	a	precision	attachment	for	
rehabilitation	 of	 edentulous	 arch	 with	 hard	 and	 soft	 tissue	
defect.	 Various	 clinical	 and	 laboratory	 procedures	 have	
been	 discussed	 along	with	 its	 indications,	 advantages,	 and	
disadvantages.
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ABSTRACT 

BACKGROUND 

Defects in the maxillofacial region can be congenital or acquired, both always makes an individual depressed, hence requires 

rehabilitation. Maxillofacial prosthesis helps in replacing the congenitally missing or lost body part due to trauma. From the past, 

the fitting and attachment of the prosthesis to the patient continues to be a great challenging factor, which needs improvement. 

Margins are difficult to mask even with the best materials. Large prostheses of most of the materials are too heavy and poorly 

retained. Retention plays a very important role in retaining the prostheses and thereby increasing patient’s comfort and 

confidence. Using ideal retentive aids along with the aesthetic, functional and economic factors helps in achieving successful 

outcome. 
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BACKGROUND 

Prosthodontist has a major role in rehabilitation of 

maxillofacial defects. Prosthetic reconstruction of a defect is 

highly challenging for a prosthodontist and it depends on 

various factors such as size, site, aetiology, extension, age, 

patient’s comfort, satisfaction and cost factor. The materials 

used for rehabilitation have travelled a long way from wood 

to polymers and the retentive aids used from metal bands to 

implants. Facial defects can be congenital or acquired. 

Acquired defects are mostly due to trauma or as a result from 

treatment of neoplasms. A surgeon and prosthodontist with 

their knowledge, skill and experience have to decide the best 

mode of retention possible for a maxillofacial prosthesis. 

Thorough evaluation of the defect before and during surgery 

will help to modify the irregular defects to aid in retention in 

some cases. In cases of large maxillofacial defects, movement 

of prosthesis poses a real challenge. A careful treatment 

planning can give a better quality of maxillofacial prostheses, 

which improves the patient’s quality of life. A team effort is 

essential for the effective treatment of patients with 

maxillofacial problems. 

 

The Primary Objectives of Maxillofacial Rehabilitation 

are1 

1. Restoration of aesthetics- By rehabilitating maxillofacial 

defect patients, a prosthodontist restores the orofacial 

appearance, thereby enhancing the cosmetic acceptability 

of the patient. An aesthetically appealing facial prosthesis 

should reproduce the form, size, position, texture and 

colour of the lost tissue. 
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2. Restoration of function- Functional disparity due to loss 

of orofacial structures causes health problems and 

psychological disorders. Hence, rehabilitation of 

maxillofacial defects helps in restoring functions of 

mastication, deglutition and speech. 

3. Psychological benefit- The impossibility of leading a 

normal social life results in serious psychological 

disorders. Thus, rehabilitating the facial deformity helps 

in achieving the facial symmetry and thereby allowing 

those individuals to restore their active role in society. 

4. Therapeutic effect- After surgical procedures in trauma 

and carcinoma cases, maxillofacial prosthetic aids help by 

acting as carriers for medicinal applications. 

5. Preservation of tissues- The main goal of a prosthodontist 

is the perpetual preservation of what is present. 

Maintaining the tooth, bone and surrounding orofacial 

structures is considered to achieve success in 

maxillofacial prosthetic rehabilitation cases. 

 

Retention 

According to GPT-9 (The Glossary of Prosthodontic Terms), 

retention is that quality inherent in the dental prosthesis 

acting to resist the forces of dislodgement along the path of 

placement. 

 
 

Any Prosthesis serves its Purpose only when it is 

Retentive. There are 4 different ways by which 

Anchorage can be achieved in Maxillofacial Prosthesis, 

they include- 

1. Anatomic retention. 

2. Mechanical retention. 

3. Chemical retention. 

4. Surgical retention.2 

 

Anatomic Retention 

Anatomic undercut areas can always be created by planning 

before and after surgery as a mode of retention for 

maxillofacial prosthesis. Anatomical retention is obtained by 

already existing anatomical structures just as in the case of 
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undercut area in ocular defects.2 Anatomic retention can be 

either intraoral or extraoral. 

 

Intraoral Retention  

Intraoral retention is achieved by the use of hard and soft 

tissues. It can be from teeth, mucosal and bony tissues. 

Anatomic undercuts are found in the palatal area, cheek, 

retromolar area, remaining teeth, alveolar ridge, septum and 

anterior nasal aperture.3 Large alveolar ridge and high arched 

palate provides greater retention than flat ridges and palate. 

Intraoral retentive aids are usually considered comfortable 

for the patient for easy removal and for the examination of 

the surgical site by the dentist in order to check for 

recurrence of tumour. 

 

Extraoral Retention  

The movement of the prosthesis has the possibility of 

creating stress on the abutment teeth, leading to the loss of 

the tooth. Therefore, in such cases an additional retention can 

be used. Extraoral retention can be achieved from hard and 

soft tissues of maxillofacial and neck region. Deep undercuts 

create difficulties in insertion and removal of prosthesis. Soft 

tissues create problem due to their mobility and lesser 

resistance to displacement when a force is applied.3 Soft 

tissue undercuts are usually in the maxillary sinus, nasal 

cavity and orbital regions. The advantages of prosthesis used 

in these areas are that they are cost effective, aesthetic and 

easy to fabricate. 

 

Chemical Retention 

Chemical retention is provided by Adhesives. According to 

GPT-9, maxillofacial prosthetic adhesive is “a material used to 

adhere external prosthesis to the skin and associated 

structures around the periphery of an external anatomic 

defect.” Adhesives are considered as the most popular 

retentive aid in maxillofacial prosthesis retention. The 

selection of an adhesive is based on certain criteria. They 

include- 

1. Bond strength of the adhesive to the prosthetic material 

and recipient tissues. 

2. Biocompatibility. 

3. Prosthesis design. 

4. Type and quality of patient’s skin. 

5. Composition and viscosity. 

6. Handling, storage and shelf life.3 

 

These are available as acrylic or silicone based adhesives, 

latex, spirit gum or water based adhesives.3,4 Acrylic resin 

adhesives consists of acrylic resin dispersed in a water 

solvent. It leaves a rubber-like substance which when 

evaporated provides the adhesiveness. Silicone adhesives 

are a form of room-temperature vulcanising silicones, which 

are dissolved in a solvent. This solvent evaporates and the 

resulting tacky adhesive helps in retention. Pressure-

sensitive tapes consists of a backing strip composed of cloth, 

paper, foil or a laminate strip coated with a pressure 

sensitive adhesive which provides retention. Examples of 

adhesives are Pros-Aide adhesive, Epithane-3 adhesive, 3M 

bifaceis, Hollister Medical Adhesive. 

A study conducted by Kiat-Amnuay et al, evaluated time 

and reapplication effects of adhesive retention of 

maxillofacial prostheses. According to this study, bond 

strengths decreased during the course of the day because of 

perspiration and normal body motion. It was noted that the 

application of a second coat of adhesive after an interval of 4 

to 8 hours enhanced the retention of the silicone elastomeric 

strips.5 

 

Advantages  

Adhesives are cost effective and easy to manipulate and 

apply. Maxillofacial defect patients who are not willing for 

implant surgical procedures consider adhesives as a retentive 

aid. 

 

Disadvantages  

Certain adhesives require solvents to clean after removal of 

prosthesis. It provides an unreliable retention. Its 

degradation to the prosthetic material adds to its 

disadvantages apart from irritation, perspiration and 

movement that compromises the bond. In some patients, it 

may cause allergic reactions.3 

 

Mechanical Retention 

Mechanical anchorage includes- 

1. Magnets. 

2. Eye glasses and frames. 

3. Extension from denture. 

4. Precision attachments. 

5. Elastic and non-elastic straps. 

 

Magnets 

Magnets gained popularity in the field of maxillofacial 

prosthesis due to their small size and strong attractive 

forces.6 According to the size of the defect, most appropriate 

size of magnet can be chosen. Magnets are used as retentive 

aid for sectional dentures, hemi-maxillectomy, obturators, 

complete dentures or extensively atrophied ridges. They are 

said to provide the best retention and stabilisation for 

maxillofacial prosthesis. Magnets as a retentive aid help in the 

attachment of implant to the prosthesis. Magnetic 

attachments on the teeth and on implants are used to 

improve stability, support and retention of prostheses. 

Starting from the past, many researchers have studied on 

different magnetic systems and used magnet as retentive aid 

in maxillofacial prosthesis cases. Usually, in large maxillary 

defects, a sectional prosthesis is considered as a treatment 

option. In this case, two sections are united using two 

magnetic pairs. Robinson used horseshoe magnets for the 

retention of an upper denture and obturator in a total 

maxillectomy case. He described a method of constructing a 

two-section intraoral prosthesis using attracting magnets as 

positive locking devices.7 Matsamura et al described 

fabrication procedure of a removable sectional denture 

connected by a cobalt-samarium magnetic retention system 

for a patient with severe maxillary defect.8 

Mainly two types of alloys are used for the manufacture of 

small dental magnets. They are cobalt-samarium and iron-

neodymium and boron. They have high attractive forces in 

very small sizes, but have low corrosion resistance.9 Tsutsui 

H et al found Samarium-Cobalt magnet to be superior in 

magnetic properties to other magnets.10 Grant GT et al (2001) 

described a procedure for the fabrication of an extraoral 

prosthesis with an acrylic resin substructure that retains a 

magnet sealed from the environment by a polyurethane 
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liner.11 Yoshida K et al (2008) treated two female patients 

with orbital defects using custom-made retentive 

components of an individual magnet for an Epitec System 

orbital prosthesis.12 

Fe-Pt dental magnetic attachments are clinically useful for 

retention of maxillofacial prostheses due to their excellent 

attractive force. Fe-Pt magnetic attachment system (magnet 

and keeper) can be cast in a dental casting machine. Hence, 

any size or shape of castable magnetic attachment can be 

fabricated for maxillofacial prostheses.13 A case was 

presented, where a coin shaped magnet was used for 

retaining a facial prosthesis combined with complete 

dentures in a patient who had undergone the removal of left 

maxilla, the palatine bone, a part of the zygomatic bone and 

the complete left orbit.14 Voigt A et al determined which 

combination of differently designed magnetic abutments 

provided the best retention for an auricular prosthesis. The 

highest withdrawal force was found in the combination of 

one telescopic magnet and two large spherical magnets.15 

Magnets are used in both mandibular and maxillary 

implant-supported, full-arch bar, fixed-detachable prosthesis 

in the fabrication of sectional intraoral maxillofacial 

prostheses. Retentive forces by these magnetic attachments 

are limited against lateral masticatory forces.13 In such cases, 

additional retention should be considered. Retention of the 

prosthesis in large maxillofacial defects resulting from cancer 

resection is challenging due to two reasons- size and weight. 

In this condition, retention can be obtained by adhesives, 

resilient attachments, implants or it can be united to an 

obturator by magnets. Federick DR (1976) put forward a 

technique for the fabrication of a sectional interim maxillary 

obturator with retention augmented by a magnet.16 Mahnaz 

Hatami et al constructed a complete denture with obturator 

as well as facial prosthesis, which can be attached to the 

obturator with cobalt samarium magnets in a patient who 

was affected by a fungal infection and resection of hard 

palate, nasal septum, maxillary sinus and orbital contents was 

done.17 

Magnetically retained overdentures require less 

maintenance and relatively inexpensive. Majage et al 

reported a case of hemi-mandibulectomy where 

prosthodontic rehabilitation was done with magnet retained 

overdenture.18 Seema Pattanaik et al described rehabilitation 

of a patient with subtotal maxillectomy and enucleated eye by 

intraoral prosthesis and extraoral orbital prosthesis retained 

with magnets.19 Banerjee et al described rehabilitation of 

patient with midfacial defect with two piece prosthesis by the 

use of magnets.20 A case report of partial nasal defect caused 

by trauma, rehabilitated with a magnetic nasal prosthesis 

made with silicone elastomers using mechanical and 

anatomical retentive aids was mentioned by Nagaraj E et al.21 

Advantages of using magnets are ease of placement, 

automatic reseating, easy replacement, small size with strong 

attractive forces can be placed within the prostheses and ease 

of cleaning. 

 

Eyeglasses 

They are used in ocular, nasal and auricular prosthesis. 

Muddugangadhar et al treated an orbital defect patient by 

attaching the ocular prosthesis with spectacles. It also helps 

in masking the borders of the prosthesis.22 Advantages of 

using eye glass as retentive aid can be mentioned as easy, 

economic and practical. 

 

Extension from Denture 

Most primitive type of retentive aids namely cast clasps, 

retentive clips and acrylic buttons are still being used as they 

are the most economical amongst the others. 

 

Precision Attachments 

Bar clips are most commonly used precision attachment that 

connects the prostheses and implant and between different 

parts of prosthesis. Telescopic crowns and extracoronal ball 

attachments are used to increase and improve retentive force 

in maxillofacial prosthesis cases. 

 

Elastic and Non-Elastic Straps 

They are used with extraoral prosthesis. Head bands are used 

in cases of auricular prosthesis. Non-elastic straps are used 

along with buckles to make it adjustable. It requires a head 

cap to gain anchorage from. Orthodontic headgear assemblies 

like head cap and adjustable strap extension are very useful 

for extensive maxillofacial prosthesis.4 

 

Surgical Retention 

Titanium implants can be placed for fixation of prosthetic 

ears, nose and eyes. In facial deformities, zygomatic implants, 

orbital, auricular and nasal implants are the extraoral 

implants placed. They provide most reliable form of retention 

for maxillofacial prosthesis. It also enhances function of 

prosthesis and good marginal fit makes the margins less 

obvious. Placement of osseointegrated implants has a great 

effect on the function of facial prosthesis in a matter of 

retention, stability and support.4,23,24,25,26,27 Most commonly 

used are cylindrical or tapered root form titanium implants. 

They are mechanically anchored to bone. Marius Implant 

Bridge is a prosthetic rehabilitation for the completely 

edentulous upper jaw with moderate-to-severe resorption 

cases.28 

The most ideal location for implants in edentulous total 

maxillectomy patients is residual premaxilla. Zygomatic 

implants are also used in the treatment of maxillary defects 

secondary to trauma, tumour resection or any congenital 

defects. For nasal prosthesis, ideal site is maxilla region and 

anterior floor of nose with tissue bar and clip design. Paolo 

Cariati et al rehabilitated a nasal defect caused by squamous 

cell carcinoma using three implants. He concluded that 

effective reconstruction, optimum aesthetic would be 

achieved and positive results in psychosocial well-being of 

patient were found.29 

The ability to recreate the normal anatomy and the 

reaction of the orbital soft tissue to the biomaterial used in 

reconstruction are two major factors that are important 

while reconstructing the internal orbit. Supraorbital rim or 

lateral rim of orbit is the preferred site for ocular prosthesis. 

Nilgun A et al fabricated an auricular prosthesis for a 

patient who lost left and right external ear in an electric burn. 

In this case report, extraoral implants and bar and clip 

retention for the proper connection of auricular prosthesis 

were used.30 Aydin C et al (2008) found implant success rate 

to be 100% for silicone auricular prosthesis.31 

Hyung In Yoon et al, rehabilitated a patient with implant 

supported fixed prosthesis using computer aided design and 
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computer aided dental technology for a patient with 

mandibulectomy.32 

PEEK (Polyetherether Ketone) is a polymer which has 

become recently familiar due to their biocompatibility, 

strength, stiffness and durability.33 Owing to its mechanical 

and physical properties being similar to bone and dentin, 

PEEK can be used for a number of applications in dentistry.34 

PEEK exhibits excellent biocompatibility and stability when 

exposed to body fluids. Few of the cranial, frontal, ocular, 

maxillary and mandibular defects are being reconstructed by 

3D printing using PEEK (Polyetherether ketone). PEEK 

implants can be machined to many organic shapes and 

fixated to the adjacent bone standard screws and plates.35 

Kim et al described a series of 4 patients, whose defects 

were reconstructed using customised PEEK implants. The 

patients showed excellent postoperative aesthetic and 

functional results without complications such as infections or 

extrusions.33 

 

CONCLUSION 

To reduce the burden of physical and psychological trauma 

and for the well-being of the patient, the replacement of facial 

defect becomes the responsibility of the maxillofacial 

prosthodontist. The aesthetics achieved after complete 

treatment depends on the amount of tissue removed, good 

contour and merging of the margins and minimal sagging due 

to the weight of the prosthesis. The advantage of maxillofacial 

prostheses is that it requires minimal or no surgery, as it 

restores the aesthetics and function in a near natural 

appearance. Retention is a key factor in maxillofacial 

prosthesis. The need for professional evaluation on a periodic 

basis should be encouraged to determine the adaptability of 

prosthesis to soft tissues, stability, retention, function and 

aesthetics. 
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Diagnosis and treatment of bruxism: Concepts from 

past to present 

 
Dr. Hema Kanathila, Dr. Ashwin Pangi, Dr. Bharathi Poojary and Dr. 

Mallikarjun Doddamani 
  
Abstract 
Activities of the masticatory system can be divided into Functional, which includes chewing, speaking, 

and parafunctional, which includes clenching or grinding of the teeth. Bruxism is the abnormal, non 

functional contact of teeth, if ignored leads to the breadown of dentition and oro facial pain. Hence, early 

diagnosis and treatment is considered to be of utmost importance. Bruxism has multifactorial causes 

which have to be identified and managed by various treatment modalities. As bruxism events bring about 

tooth and restoration damage, it is of major concern for the dentists. This review article discusses about 

the history to the current concepts in the diagnosis and treatment of bruxism. 

 

Keywords: Bruxism, clenching, teeth grinding 

 

1. Introduction 

In simple terms, bruxism is a clenching and grinding of teeth when the individual is not 

chewing or swallowing. It is noted as the commonest of the many parafunctional habits of 

dento facial system. Bruxism activity is of major concern for the dentists as it leads to tooth 

wear and damage, restoration fractures, temporal headache and other temporomandibular 

disorders. The prevalence range is from 8-31% in the general population and 14-20% in 

children [1] The people over the age group of 60years are less likely to be affected showing a 

prevalence dropping down to around 3%. In most of the cases, bruxism does not cause serious 

complications, but in severe conditions it can lead to damage of teeth and restorations, tension 

type headaches, facial or jaw pain and temporomandibular disorders. Hence a proper diagnosis 

and management of bruxism is of major concern, inorder to prevent complications. 
 

2. History 

The term “bruxomania” is derived from french word “la bruxomanie,” suggested by Marie and 

Pletkiewicz2 in 1907. In 1931, Frohman coined the term bruxism [3]. The term bruxism 

originates from the greek word “brychein”, meaning to grind or gnash the teeth. Miller put 

forward a differentiation between nocturnal grinding of the teeth which he called as bruxism 

and the habitual grinding of the teeth in the daytime, which he called as bruxomania [4] In 

1960’s, Ramfjord put forward the theory that occlusal factors were responsible for bruxism 

and he defined bruxism as the habitual habit of grinding teeth when the individual is not 

chewing or swallowing.  

In 1983 a distinction was made between clenching and grinding: clenching as centric bruxism 

and grinding as eccentric bruxism. However, the majority of the researchers now disfavour 

that malocclusion to be the main etiological factor and consider it to be multifactorial.  

In 1995, Vanderas defined bruxism as the nonfunctional movement of the mandible with or 

without an audible sound occurring during the day or night [5]. And bruxism at night was 

recently classified as sleep related movement disorder according to recent classification of 

sleep disorders [6] In 2001, Lobbezoo and Naeije, stated that various neurotransmitters in the 

central nervous system appeared to modulate bruxism [7]. 

According to GPT 9, bruxism is defined as “the parafunctional grinding of the teeth; an oral 

habit consisting of involuntary rhythmic or spasmodic non-functional gnashing, grinding, or 

clenching of teeth, in other than chewing movements of the mandible, which may lead to 

occlusal trauma. 
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3. Types of bruxism 

Bruxism can occur during day time known as diurnal bruxism 

or awake bruxism. Bruxism during sleep at day time or night 

time is known as sleep bruxism. Awake bruxism is related to 

the stress due to familial responsibility or work pressure, 

anxiety, anger or frustration. Awake bruxism is more 

commonly seen in females compared to males. The 

prevalance rate of awake bruxism is noted to be 20%. 

Whereas, sleep bruxism is considered as a sleep related oro 

mandibular movement disorder.  

Individuals who brux during sleep are more likely to have 

other sleep disorders, snoring and pauses in breathing (sleep 

apnea). It was classified as a sleep related movement diorder 

according to recent classification of sleep diorders. Sleep 

bruxism occurs with no gender difference. This is noted 

frequently in the younger population, in children with a 

prevalence rate of 14-20%. 

 

4. Causes of Bruxism 
Bruxism is said to have multiple causes. They include central 

factors, psychosocial factors and peripheral factors. 

 

4.1 Central factors 

The physiology of sleep has been studied extensively 

especially the ‘arousal response’, as bruxism usually occurs 

during sleep. Arousal response is a sudden change in the 

depth of the sleep during which the individual either arrives in 

the lighter sleep stage or actually wakes up. And such a 

response occurs along with body movements, increased heart 

rate, respiratory changes and increased muscle activity. 

Macaluso et al. in their study showed that 86% of bruxism 

episodes were associated with arousal response along with 

involuntary leg movements. Hence proving a close 

association of arousal response with bruxism activity [8] 

It is hypothesized that the direct and indirect pathways of the 

basal ganglion, a group of five subcortical nuclei that are 

involved in the coordination of movements is disturbed in 

bruxism patients [7]. An imbalance between both the 

pathways, results in movement disorder like Parkinson’s 

disease and this imbalance occurs with the disturbances in the 

dopamine mediated transmission of action potential. In case 

of bruxism there may be an imbalance in both the pathways. 

Acute use of dopamine precursors like L-dopa inhibits 

bruxism activity and chronic long term use of L-dopa results 

in increased bruxism activity [9]. 

 

4.2 Psychosocial factors 

A multifactorial large scale population study of sleep bruxism 

concluded highly stressful life as a significant risk factor. 

Inability to express emotions such as anxiety, rage, hate, 

aggression etc can also be a cause for bruxism. Awake 

bruxism or diurnal bruxism can be associated with stress due 

to familial responsibility or work pressure. 

 

4.3 Peripheral factors 

Bruxism is commonly considered to be related to deviations 

in dental occlusion and articulation. Giffin in his article has 

mentioned that for an effective management of bruxism, 

establishment of harmony between maximum intercuspation 

and centric relation is required [10] Recent literature studies on 

this aspect agrees that there is hardly any relationship between 

bruxism and occlusal factors. Goncalves et al. in their study 

concluded that there was no significant relationship between 

bruxism and the occlusal factors [11] 

 

5. Risk factors 

5.1 Age: Bruxism is more common in young children and 

noted to decrease by adulthood. 

 

5.2 Stress: Increased stress and anxiety can cause bruxism. 

 

5.3 Personality: Aggressive, competitive and hyperactive 

type of behaviour and personality can increase the chance of 

teeth grinding. 

 

5.4 Family history: Sleep bruxism tends to give a family 

history, other members also may have teeth grinding or a 

history of it. 

 

5.5 Medications and habits: Certain antidepressants can 

result in bruxism as an uncommon side effect. Habits like 

smoking, tobacco chewing, drinking caffeinated beverages 

may increase the risk of bruxism. 

 

5.6 Other factors- Bruxism can be associated with medical 

problems like epilepsy, sleep related disorders, dementia, 

parkinson’s disease and gastroesophageal reflux disorder. 

 

6. How to Assess Bruxism 

Early identification and management measures play a crucial 

role in bruxism patients, as bruxism activity if left unattended 

can harm the quality of life by leading to tooth damage, 

occlusal disharmony and TMJ disorders. So when the patient 

comes to the dentist, some of the assessment methods are to 

be followed for accurate interpretation and treatment. They 

are questionnaires, clinical evaluation, intraoral appliances 

and electromyographic recording. 

 

6.1 Questionnaires 

Questionnaires form the simplest and easiest method of 

assessment. But the main disadvantage of this method of 

assessment is that it is subjective in nature. Bruxism events 

may or may not be accompanied by noise; hence most of the 

children and adults may not be aware of their bruxism 

activity. Hence the questions asked are [12]. 

 

 
 

6.2 Clinical evaluation [13, 14] 

The diagnosis of bruxism can be traced out by taking a good 

case history and evaluating the tooth mobility, tooth wear and 

other clinical findings of TMJ. 
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Among these, assessment of bruxism event by evaluating 

tooth wear is controversial as tooth wear is a cumulative 

record of both functional and parafunctional activities and 

various factors such as age, gender, diet and bruxism are 

associated with tooth wear [15]. 

 

6.3 Intra oral appliance 

Bruxism activity can be evaluated using intra oral appliances 

by assessing the wear facets on it and by assessing the bite 

load on the intra oral appliance [15, 16, 17] But the accuracy of 

these methods has not been confirmed. Korioth et al. reported 

that parafunctional dental activity at night on full-arch 

occlusal stabilization splints resulted in wear, which was both 

asymmetric and uneven [18]. 

The Bruxcore Bruxism Monitoring Device (BBMD) was 

introduced to measure the nocturnal bruxism activity.19 

Bruxcore plate is used to evaluate the bruxism events by 

counting the number of abraded microdots on its surface and 

by scoring the volumetric magnitude of abrasion. The BBMD 

uses 0.51-mm-thick polyvinyl chloride plate that consists of 

four layers with two alternating colors and a halftone dot 

screen on the topmost surface. The number of missing 

microdots is counted to evaluate the abraded area and the 

number of layers uncovered represents the depth parameter. 

Both of these parameters are combined so as to obtain an 

index for the amount of bruxism activity. The major 

disadvantage of this method is that it is difficult to count the 

number of missing dots with good accuracy. 

Takeuchi et al. put forward a recording device for sleep 

bruxism, Intra-splint force detector (ISFD). It uses an intra-

oral appliance to measure the force being produced by tooth 

contact on the appliance. The ISFD detects the force by using 

a thin, deformation-sensitive piezoelectric film, which is 

embedded 1–2 mm below the occlusal surface of the 

appliance. But ISFD was not suitable for detecting the 

magnitude of force during steady-state clenching behaviour 
[20]. 

 

6.4 Masticatory muscle electromyographic recording 

Masticatory muscle electromyographic recording assesses 

bruxism by measuring the actual sleep bruxism activity 

directly. Hence the main advantage of EMG recording is that 

the occurrence of bruxism can be assessed without intra-oral 

appliances, which may change natural bruxism activity. In 

1970s, sleep bruxism episodes were measured over an 

extended period in patient’s homes, with the use of portable 

battery-operated EMG recording devices, which can measure 

masticatory muscle activity in a detailed and accurate way by 

evaluating the number, duration and magnitude of bruxism 

events [21] 

A miniature self-contained EMG detector-analyser (bite-strip) 

was developed as a screening test for moderate to high level 

bruxers, which measured the number of bruxism events by 

simply attaching it to the skin over the masseter muscle. 

Recently, a miniature self-contained EMG detector– analyser 

with a biofeedback function (grindcare, medotech, denmark) 

was developed as a detector and biofeedback device for sleep 

bruxism. It works by the online recording of EMG activity of 

the anterior temporalis muscle, online processing of EMG 

signals to detect tooth grinding and clenching and also 

biofeedback stimulation for reducing sleep bruxism activities 
[22] 

Polysomnographic (sleep laboratory) recordings for nocturnal 

bruxism generally include electroencephalogram, EMG, 

electrocardiogram and thermally sensitive resistor 

(monitoring air flow) signals along with simultaneous audio– 

video recordings. In this the sleep laboratory setting offers a 

highly controlled recording environment, so other sleep 

disorders like sleep apnoea and insomnia can be ruled out and 

sleep bruxism can be differentiated from other orofacial 

activities like swallowing and coughing that occur during 

sleep. A change in the environment of sleep can influence the 

actual behaviour of bruxism, which is considered as a major 

limitation in polysomnographic recordings [23-25] 

 

7. Signs and Symptoms 

1. Pain in the teeth and sensitivity to heat and cold.  

2. Chronic muscular facial pain with tension headaches, 

caused by intense muscle contraction.  

3. The noise noticed by parents, friends or relatives, that 

occurs as the teeth are ground together.  

4. An abnormal alignment of the teeth, caused by uneven 

tooth wear  

5. Flattened and worn tooth surfaces, which may reveal the 

underlying yellow dentine layer.  

6. Microfractures of the tooth enamel.  

7. Broken or chipped teeth 

8. Loose teeth with possible damage to the tooth sockets  

9. Stiffness and pain in the jaw joint (temporomandibular 

joint or 'TMJ') that cause restricted opening and difficult 

chewing; sometimes the jaw joint may suffer damage that 

is slow to heal. 

10. Earache. 

 

8. Effects of Bruxism on Restorations 

8.1 Effect of bruxism on prosthetic restorations 

The most common mechanical failures reported in case of 

prosthetic restorations on natural teeth included loss of 

retention and fracture of material and the occurrence of such 

failures is greatest in patients with bruxing habits. Metal or 

metal–ceramic restorations seem to be the safest choice in 

cases of high load conditions, although under extreme 

conditions, there is no material that will last for too long. Due 

to the risk of chipping of ceramic veneers in metal–ceramic 

restorations, many clinicians prefer gold– acrylic FDPs for 

heavy bruxers. Clinical studies published on wear of materials 

in bruxism patients indicate only minimal differences in wear 

resistance of gold and ceramic materials, whereas resin-based 

materials showed 3–4 times more substance loss than gold or 

ceramics [26]. 
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Zirconia, which is the present material of esthetics and 

strength, have demonstrated improved mechanical properties 

in laboratory studies and hence may be promising in the 

treatment of bruxism related tooth wear [27, 28] However, a 

systematic review of zirconia FDPs has shown that there are 

complications when the material is used clinically. 

Improvement of the veneering systems is especially required 

as chipping is considered to be the most frequent mechanical 

complication [29]. 

 

8.2 Effect of bruxism on implant restorations 

In a prospective 15- year follow-up study of mandibular 

implant-supported fixed prostheses, smoking and poor oral 

hygiene had a significant influence on bone loss, whereas 

occlusal loading factors such as bruxism, maximal bite force 

and length of cantilevers were of minor importance.30 

Systematic reviews have concluded that there is no causative 

relationship between occlusal forces and loss of 

osseointegration [31, 32].  

Although bruxism was included among risk factors, and was 

associated with increased mechanical and/or technical 

complications, it had no effect on implant survival. Several 

studies have indicated that patients with bruxism have a 

higher incidence of complications on the superstructures of 

both of fixed and removable implant-supported restorations 
[33, 34] 

 

8.3 Effect of bruxism on dentures 

It is considered, clinical experience indicates that bruxism is a 

frequent cause of complaint of soreness of the denture-bearing 

mucosa. In a similar way, heavy bruxism may have 

deleterious effects on the residual dentition and the denture-

bearing tissues in patients with RPDs, although this has not 

been systematically studied. A study mentioned the 

management of four patients with severe sleep bruxism, and 

who were using conventional RPDs. Each patient was 

provided with a splint-like RPD, called a night denture, and 

followed-up for 2–6 years using the night denture. The study 

concluded that the night denture appeared to be effective in 

managing problems related to sleep bruxism in patients with 

RPDs [35]. 

 

9. Current Treatments of Bruxism 

Treatment aims to find and remove the causes of bruxism, 

change the behaviour that causes bruxism and repair the 

damage that bruxism often causes. The treatment aspect 

includes- 

 

 
 

9.1 Occlusal therapy 

Occlusal splints have been considered as the first-line of 

management for preventing dental grinding noise and tooth 

wear in case of sleep bruxism. These splints have different 

names such as occlusal bite guard, bruxism appliance, bite 

plate, night guard, occlusal device. They are classified into 

hard splints and soft splints. Hard splints are preferred over 

soft splints because soft splints are difficult to adjust than hard 

splints and hard splints are effective in reducing the bruxism 

activity [15, 36]. A study compared occlusal splints versus a 

medication doses gabapentin, and found that both treatments 

reduced similarly the muscle activity associated with sleep 

bruxism after 2 month of therapy [37]. 

9.2 Behavioural modification 

Psychoanalysis, hypnosis, meditation, sleep, hygiene 

measures with relaxation techniques and self- monitoring 

have been considered for the treatment of bruxism. The 

treatment of sleep bruxism usually begins with counselling of 

the patient with respect to the sleep hygiene. It includes to 

instruct the bruxer to stop smoking and drinking of coffee or 

alcohol at night, to limit the physical or mental activity before 

going to bed, and to ensure good bedroom conditions like 

quiet and dark [38]. 
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9.3 Biofeedback 

Biofeedback works on the principle that “bruxers can unlearn 

their behaviour when a stimulus makes them aware of their 

adverse jaw muscle activities”. Mittelman described an EMG 

technique that provides the daytime bruxer with auditory 

feedback from his/her muscle activity letting him know the 

degree of muscle activity or relaxation that is happening.39 

Nissani used a taste stimulus to awaken the patient, in case of 

sleep bruxism [40]. 

In recent years, contingent electrical stimulation (CES) has 

appeared in an attempt to reduce the masticatory muscle 

activity associated to sleep bruxism. The rationale for CES 

includes the inhibition of the masticatory muscles responsible 

for bruxism by applying a low-level electrical stimulation on 

the muscles when they become active, i.e. during the bruxism 

episode. Experimental studies have used CES in patients with 

signs and symptoms of sleep bruxism and myofascial pain, 

and found a reduction of the EMG episodes per hour of sleep 

while using CES, but with no changes in pain and muscle 

tension scores [41, 42] 

 

9.4 Pharmacological therapy 

Certain drugs have paralytic effect on the muscles, by 

inhibiting acetylcholine release at the neuromuscular junction 

(NMJ) therby decreasing bruxism activity in severe cases like 

coma, brain injury etc. In a study, botox injections over a 

period of 20 weeks showed decrease in bruxism activity in 18 

subjects. This study suggested that botulinum toxin inhibited 

the release of acetylcholine at NMJ [43]. Shim et al. found that 

the amplitude of the muscle contraction during bruxism 

events was reduced after 4 weeks of injection, but with no 

changes in the rhythm or number of bruxism episodes per 

hour of sleep [44]. 

 

10. Conclusion 

Bruxism is a common parafunctional habit, occurring both 

during sleep and wakefulness. Usually it causes few serious 

effects, but can have serious effects in some patients affecting 

their quality of life. As the etiology is multifactorial, there is 

no known treatment to stop bruxism, including prosthetic 

treatment. Counselling and behavioral strategies, splint 

therapy, medications, and contingent electrical stimulation 

can be used as different ways reducing the effects of bruxism. 

The management of bruxism should focus to prevent 

progression of dental wear, reduce teeth grinding sounds, and 

improve muscle discomfort and mandibular dysfunction in the 

most severe cases. 
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Abstract
Residual ridge resorption is a rapid, progressive, irreversible, and inevitable process
of bone resorption. Long-standing teeth and implants have been shown to have main-
tained the bone around them without resorption. Thus, overdenture therapy has been
proven to be beneficial in situations where few remaining teeth are present. In addition
to the various advantages seen with tooth-supported telescopic overdentures, a few
shortcomings can also be expected, including unseating of the overdenture, increased
bulk of the prosthesis, secondary caries, etc. The precise transfer of the secondary
telescopic copings to maintain the spatial relationship, without any micromovement,
remains the most critical step in ensuring the success of the tooth-supported telescopic
prosthesis. Thus, a simple and innovative technique of splinting the secondary cop-
ings was devised to prevent distortion and micromovement and maintain its spatial
relationship.

Telescopic crowns or double crowns or crown and sleeve cop-
ings were used as retainers in the early 20th century. They
consist of an inner primary telescopic coping cemented to the
abutment and a harmonious secondary coping embedded into a
removable prosthesis. The secondary coping forms a telescopic
unit over the primary copings and aids in the anchorage of
the remaining dentition.1-3 Telescopic crowns are considered
to be a more effective option for missing teeth in comparison
to conventional fixed dental prosthesis as they are well toler-
ated by the patient psychologically. Various benefits have been
seen with the crown and sleeve retained prosthesis over the
years:4-7

1. Preservation of the residual alveolar ridges for a longer
duration due to counteracting action of the remaining
natural teeth, in comparison to conventional complete
dentures.

2. Direction of vertical forces along the long axes of the
teeth, favorable for the abutment teeth.

3. Maintenance of oral hygiene and periodontal health
around the abutment teeth, due to the easily accessible
and cleansable areas after removal of prosthesis from the
mouth.

4. The splinting effect of a telescopic overdenture has a
favorable stabilizing effect on the remaining dentition.

5. Can be removed and repaired in case of failure of the
abutment teeth, without reconstructing the entire pros-
thesis.

6. Greater psychological benefit to the patient on assurance
of retaining the natural teeth.

That said, one of the most common problems associated
with the tooth-supported telescopic prosthesis during clinical
and laboratory procedures is the unseating of the denture. This
mainly occurs during the transfer of the secondary copings to
the prosthesis using the direct or indirect technique. Thus, a
simple technique has been devised to maintain the spatial rela-
tionship of the secondary copings to each other and in relation to
the primary copings intraorally, in a tooth-supported telescopic
denture.

Technique

1. Prepare the selected abutments and make impressions
using heavy- and light-body elastomeric impression ma-
terial (Aquasil; Dentsply, Konstanz, Germany) to receive
primary copings (Fig 1).

2. Cement the primary copings to the prepared teeth
(Fig 2) using a permanent cement (GC Fuji I; GC Corp.,
Tokyo, Japan) and make an impression using heavy- and

1Journal of Prosthodontics 00 (2015) 1–4 C© 2015 by the American College of Prosthodontists
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Figure 1 Primary metal copings.

Figure 2 Primary metal copings cemented over the abutments intrao-
rally.

Figure 3 Impression of primary metal copings made to fabricate sec-
ondary telescopic copings.

light-body elastomeric impression material (Aquasil) for
fabrication of the secondary telescopic copings (Fig 3).

3. Fabricate the secondary copings using the conventional
technique and seat them over the primary copings in-
traorally to make a pickup impression using irreversible
hydrocolloid impression material (Algitex; DPI, Mum-
bai, India), so that a primary cast can be recovered for
making an special tray, for the final impression (Fig 4).

Figure 4 Pickup impression made of the secondary telescopic copings
seated over the primary metal copings intraorally.

Figure 5 Final impression made using light-body elastomeric impression
material.

4. Pour the pickup impression using Type III dental stone
(Kalstone; Kalabhai Karson Pvt Ltd, Mumbai, India) and
recover the cast.

5. Secure the secondary copings on the cast, fabricate a
special tray, and make the final impression using light-
body elastomeric impression material (Aquasil), with
the secondary copings secured on the primary copings
intraorally (Fig 5).

6. Pour the secondary impression using Type III dental
stone (Kalstone) and recover the cast.

7. Section appropriate lengths of plastic toothpicks and
secure them between the secondary copings using
cyanoacrylate, maintaining a 1 mm distance from the
residual ridge and box the area surrounding the secondary

2 Journal of Prosthodontics 00 (2015) 1–4 C© 2015 by the American College of Prosthodontists
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Figure 6 Appropriate lengths of plastic toothpicks secured between
secondary telescopic copings with modeling wax boxed around it.

Figure 7 Self-cure acrylic resin poured into the boxed area.

copings using modeling wax (Modelling Wax No.2;
Hindustan Dental Products, Hyderabad, India) (Fig 6).

8. Make a thin mix of self-cure acrylic resin (Self Cure
Tooth Moulding Powder/Liquid; DPI) and pour it into
the boxed area and leave it to set (Fig 7).

9. Once set, recover the splinted secondary copings from
the secondary cast and check for fit intraorally (Fig 8).

10. On confirmation of passive fit intraorally, trim the inner
coping resin to facilitate the accommodation of artificial
teeth on the temporary record base.

11. Place the splinted copings onto the cast and adapt au-
topolymerizing acrylic resin (RR Cold Cure; DPI) to
fabricate a temporary record base (Fig 9).

12. Fabricate occlusal rims and record maxillomandibular
relation, arrange artificial teeth, and try in the trial denture
accordingly.

13. Invest the trial denture and dewax it using conventional
technique.

Figure 8 Splinted secondary telescopic copings tried introrally over the
primary metal copings.

Figure 9 Temporary record base fabricated over splinted secondary tele-
scopic copings.

14. On removal of the flask, recover the secondary copings
from the record base and secure it to the cast using tem-
porary luting cement (Zinc oxide eugenol Type I, DPI)
on the inner borders of the copings to prevent micro-
movement during the acrylization process.

15. Pack the appropriate permanent denture base material,
curing, finishing, and polishing the permanent denture
accordingly.

Discussion

The accuracy of the fit of the tooth-supported telescopic
prosthesis is greatly affected by the transfer of the spatial
relationship of the secondary copings intraorally to the master
cast. Unseating of the tooth-supported telescopic overdenture
is mainly attributed to the misfit of the secondary copings. It
occurs as a result of dimensional changes of the impression
material and denture base material and micromovement of
the secondary copings within the denture base material used
for fabrication of record bases. To prevent the aforementioned
problem, a reliable and accurate method will be achieved by
a rigid connection between secondary copings to preserve
the spatial relationship independent of denture base material

Journal of Prosthodontics 00 (2015) 1–4 C© 2015 by the American College of Prosthodontists 3
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used. Thus, a simple procedure involving the splinting of the
secondary coping using self-cure acrylic resin was developed.

Advantages

1. Ease of fabrication and transfer intraorally.
2. Maintenance of spatial relationship of the secondary cop-

ings during the denture fabrication procedures.
3. Maintenance of passive fit of the secondary copings.
4. Reduced distortion and movement of the secondary cop-

ings during clinical and laboratory procedures of denture
fabrication.

5. Good psychological benefit to patients, as they expe-
rience similar fit as would be seen in the definitive
prosthesis.

Limitations

1. The technique used to fabricate the copings provided
clinically acceptable results; however, electroplating and
milling remain the gold standard for fabrication of cop-
ings with enhanced precision and accuracy.

2. Distortion can occur during the splinting procedure due
to the polymerization shrinkage of the self-cure acrylic
resin. Thus, alternative substitutes with less polymeriza-
tion shrinkage can be considered.

3. Distortion may also result from dimensional changes of
the impression material, as well as movement of sec-
ondary copings within the impression during the pickup.
So splinting/stabilizing the secondary copings rigidly to
the primary copings, by some means, before the pickup
impression can be considered.

4. Increased cost compared to conventional complete
dentures.

5. Laboratory procedures are complex and time consuming.

Conclusion

Splinting of the secondary copings with self-cure acrylic
resin can be used as a fitting alternative for maintenance of
the spatial relationship and prevention of micromovement in
tooth-supported telescopic overdenture fabrication; however,
alternative strategies using different materials and techniques
of splinting can be explored and discovered accordingly.
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Background: Latex protective barriers such as gloves and rubber dam material 
have been used widely in restorative procedures for crown and bridge. However, 
the chemical used during latex glove fabrication is thought to inhibit the 
polymerization of elastomeric impression materials used for impression making 
which has a detrimental effect on the dimensional accuracy and surface definition 
of resultant casts used for restorative procedures. The objectives of the study were 
to examine the surface of different elastomeric impressions on contact with various 
gloves. Materials and Methods: This clinical study included a total of eighty 
specimens of two types of the putty elastomeric impression material were hand 
manipulated by wearing three different gloves materials and is placed on a marked 
area of a clean and alcohol‑treated glass slab at room temperature. The specimens 
examined for any signs of polymerization inhibition. The specimen will be rated as 
being “inhibited” if any residue remains on the glass slab and absence of the above 
will result as “no inhibition.” Results: The results showed no interference with the 
polymerization inhibition of the selected elastomers followed by the nitrile glove. 
The latex gloves showed inhibited set of the elastomeric impression material but 
set after sometime confirming time‑dependent inhibition of the impression material. 
Conclusion: This study shows that the use of latex and sometime nitrile gloves 
during crown and bridge procedures should be contraindicated and the use of vinyl 
gloves should be stressed when working with elastomeric impression materials.

Keywords: Elastomeric impression materials, latex gloves, nitrile gloves, 
polymerization inhibition, vinyl gloves
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which can completely inhibit polymerization of 
elastomers in concentrations as low as 0.005%.[5]

Materials and Methods
In this study, two different brands of putty A‑silicone 
putty impression material [Figure 1] ‑ Zhermack clinical 
elite HD and C‑silicone impression material ‑ Zhermack 
clinical zetaplus; three different brands of gloves were 
used [Figure 2] (Latex [serjun], vinyl, and nitrile 
gloves) glass slab (to serve as the test surface to be 

Introduction

An accurate reproduction of impression is of 
critical importance in the field of prosthodontics, 

implant, and restorative dentistry. With proper material 
selection and manipulation, accurate impressions can be 
obtained for fabrication of tooth‑ and implant‑supported 
restorations.[1] At the same time, the possible exposure 
to the transmission of infectious agents has given rise 
to concerns with cross‑infection control to prevent 
cross‑contamination. Among the adopted precautions, 
the routine use of disposable gloves, mainly latex 
ones, is an essential measure to break the chain of 
infection.[2‑4] Latex gloves contain a sulfur compound, 
zinc diethyldithiocarbamate, used during latex glove 
fabrication, is a preservative and vulcanizing accelerator, 
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manufacturer’s specification when in contact with 
the surface to be impressed and then examined and 
carefully evaluated independently to determine the 
extent of polymerization of the impression material 
manipulated by various types of commercially available 
gloves.

The degree of polymerization was evaluated, and these 
observations were subjectively rated as “inhibited” if any 
residue remains on the glass slab or any area of tackiness 
on the glassy surface of the specimen. The absence of 
the above is rated as “no inhibition.”

The observations were also scored on a scale of 1–5 as 
follows:
1. No polymerization, no viscosity change, no 

polymerization reaction
2. Slight viscosity change, harder than premixed 

consistency, specimen viscosity soft, surface soft, 
and wet

3. Specimen viscosity, hard, surface wet and not stable, 
visible surface distortion

4. Hard polymerization, surface slightly wet, slightly 
recognizable surface distortion

5. Complete polymerization, nonwet surface, no surface 
distortion noted.

Following the determination that complete inhibition 
has occurred, confirmation by the surface resistance to 
instrumentation was performed. The procedure described 
above is done for both groups of elastomers individually 
wearing different types of gloves and evaluated for 
polymerization inhibition of the same.

impressed), blunt instrument (mixing spatula), and 
fast‑drying alcohol. Base and catalyst putty material 
was dispensed and according to the manufacturer’s 
directions. First, the putty impression materials are 
kneaded with the bare hands until homogenous mix 
was obtained for all the putty impression materials. 
Later, eighty specimens are prepared using both 
addition and condensation elastomeric impression 
materials and were divided into two groups: Group I 
addition elastomeric group and Group II condensation 
elastomeric group, and the specimens were obtained by 
a standardized plastic circular mold 20 mm in diameter 
and 7 mm in length. The addition elastomeric group is 
divided into Group A, B, C, and D and condensation 
elastomeric group is divided into Group A1, B1, C1, and 
D1 with ten specimens each were mixed with hands and 
gloved hands placed in an clean and alcohol‑treated 
glass slab [Figure 3]. Each of the hand‑manipulated 
material is allowed to set for 10 min or as per the 

Figure 1: A‑silicone and C‑silicone putty impression material

Figure 2: Latex, vinyl, and nitrile gloves

Figure 3: Manipulation of C‑silicone with latex gloves
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Results
In the study, Table 1 shows addition silicone putty 
material with each ten specimens where Group B (latex 
gloves) showed four specimens inhibited and six 
specimens, noninhibited and rest Group A (control), 
Group C (vinyl gloves), and Group D (Nitrile gloves) 
showed none inhibited. Chi‑square analysis was used 
to determine the inhibition and noninhibition between 
individual groups and Chi‑square analysis revealed 
statistically significant results (P = 0.004). Table 2 
shows condensation silicone putty material with 
each ten specimens where Group B1 (latex gloves) 
showed ten specimens inhibited, and six specimens 
from Group D1 (Nitrile gloves) inhibited and rest 
Group A1 (control) and C1 (vinyl gloves) showed 
noninhibited. Same Chi‑square analysis was used to 
determine the inhibition and noninhibition between 
individual groups and Chi‑square analysis revealed 
highly statistically significant results (P < 0.001).

Graph 1 shows the polymerization inhibition frequency 
between Group A, Group B, Group C, and Group D 
for addition silicone putty material. Group B shows 
the frequency of inhibition and rest Group A (control), 
Group C (vinyl gloves), and Group D (Nitrile gloves) 
showed noninhibited.

Graph 2 shows the polymerization inhibition and the 
noninhibition frequency between Group A1, Group B1, 
Group C1, and Group D1 for condensation silicone putty 
material. Group B1 and Group D1 showed frequency 
of inhibition and the rest Group A1 (control) and 
Group C1 (vinyl gloves) showed noninhibited.

Discussion
The increased wearing of gloves during dental treatment 
has created new problems for general dental practitioners 
but remain prevalent in clinical use because of the 
attributes of puncture resistance, durability, and user 
satisfaction.[6,7] Clinical misadventures can be avoided 

by knowing the manipulated variables when using 
elastomeric impression materials.

Latex gloves and rubber dam are two prominent 
infection barriers within the scope of infection control 
guidelines.[8] Polymerization inhibition of elastomeric 
material with the use of latex gloves leads to partial or 
incomplete polymerization which has a detrimental effect 
on dimensional accuracy and surface definition of the 
resultant casts used for restorative procedures. Sulfur 
as a reactive element contained within latex gloves or 
rubber dam material may react with chloroplatinic acid 
catalyst in elastomeric impression material, even with 
concentrations as low as 0.05% may totally inhibit the 
polymerization reaction.[6,9]

Polymerization inhibition can occur when putty materials 
are mixed with latex gloves, when the impression 
material is in contact with a rubber dam, and even by 
indirect intraoral contact of teeth and soft tissue structures 
with latex glove before impression making,[10] and the 
inhibition of set is limited to the most superficial layer 
of the impression material.[11] Even contact of the internal 
surface of the impression tray with gloved hands can also 
result in failure of the impression material adjacent to the 
tray to polymerize.

Polymerization inhibition of VPS impression material 
may not always be readily observed through an entire 
impression arch. Subtle surface changes or localized 
areas of an impression material inhibition within a full 
arch impression might be easily hidden or missed on 
clinical observation.[12]

Polymerization inhibition of VPS impression material 
might be reduced or eliminated by mechanical 
decontamination before impression procedures.[7]

Transferred small particulate contaminants from latex 
gloves were not found to be removable by any of the 
cleaning methods evaluated and that such procedures 
may be unsuccessful on the surface of vinyl gloves. 
The clinical removal of invisible, microscopic, trace 
contaminants from the clinical field does not appear 
possible. Cleansing attempts may not reduce the 
potential for inhibition of VPS impression material 
polymerization caused by sulfur contaminants. Gauze or 
brush rubbing with or without surfactant cannot remove 
the trace elements demonstrated to be present following 
contamination with sulfur‑containing materials.[6]

The use of surfactant can improve wettability of 
VPS materials after exposure to saliva, water, and 
disinfectants.[13] Polymerization inhibition during the 
initial pilot study, when the impression materials were 
allowed to set in sustained, direct contact with the 

Table 1: Addition silicone 
10 specimens each 
addition silicone

Group A 
(control)

Group B 
(latex 

gloves)

Group C 
(vinyl  
gloves)

Group D 
(nitrile 
gloves)

Inhibited 0 4 0 0
Noninhibited 10 6 10 10

Table 2: Condensation silicone 
10 specimens each 
condensation silicone

Group A1 
(control)

Group B1 
(latex 

gloves)

Group C1 
(vinyl 
gloves)

Group D1 
(nitrile 
gloves)

Inhibited 0 10 0 6
Noninhibited 10 0 10 4
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gloves suggesting a time‑dependent interaction between 
the glove component and the PVS polymerization 
reaction. Within the recognized limitations of the 
experimental design, there was no inhibition of the three 
tested VPS materials when indirectly exposed to these 
gloves by rubbing contact, as long as the gloves were 
not exposed to alcohol. He suggested that the rubbing 
of the treatment area with wet or washed glove hands 
is unlikely to cause polymerization inhibition and that 
when the impression material or the impressed surface 
previously exposed to latex glove in contact with 
alcohol is avoided; risk of polymerization inhibition 
is reduced. He stated that it is of potential clinical 
relevance because of widespread use of alcohol in 
practice and it may prove prudent for dentists to avoid 
unnecessary alcohol exposure when making impressions 
with PVS materials.

A study was, therefore, undertaken to evaluate the 
polymerization inhibition of some commercially available 
elastomeric impression materials (an addition silicone, a 
condensation silicone, and a polyether) on contact with 
various types of gloves (latex, synthetic, nitrile, vinyl, 
and flavored glove) and surfactants (rubbing alcohol) 
available in the market.[14]

Polymerization inhibition of elastomeric impression 
materials has been studied in a number of ways the 
extent of polymerization of the impression material 
by visually scoring the material as either inhibited 
or noninhibited according to the following criteria. 
Inhibited was scored if one or more of the following 
was encountered in the impression:
• An oily substance on the surface of the impression 

material readily collected on an explorer tip as it is 
moved across the surface of the impression

• A rippled appearance on the surface of the impression 
material

• Unpolymerized impression material adherent to the 
surface being impressed.

If none of these criteria were observed, the impression 
was scored “noninhibited.” One of these is the retarded 
set or total inhibition of addition silicones caused by 
natural latex gloves.[15]

A pilot study confirmed that polymerization inhibition 
is easily determined through visual examination and 
evaluation of topographic character of the material 
although other methods have been used. The material 
is either completely polymerized or inhibition is 
immediately and obviously evident. When polymerization 
inhibition occurs, unset residue remains on the impressed 
surface, the partially polymerized impression material 
remains tacky to touch, and the material is subject to 
permanent distortion when slightly scraped with a blunt 
hand instrument.[16]

Another method after dispensing impression material 
on a glass slab exposed to various combinations of 
variables to simulate clinical contamination resulting 
from contact by gloved hands and then cleaning the 
glass slab with soap and water, followed by rinsing with 
tap water for 60 s and drying. The specimen was then 
lifted from the testing surface at the applicable time 
as per manufacturer’s instructions and then examined 
independently to determine if polymerization inhibition 
occurred. If any residue remained on the glass surface, 
the specimen was rated as being inhibited, and absence 
of residue resulted in a rating of no inhibition.[17]

In the present study, putties were mixed according to 
manufacturer’s instructions and placed on a glass slab. 
Setting was determined by sliding the end of a cement 
mixing spatula over the mixed putty. Complete setting 
was determined to be present when the instrument would 
not permanently indent the material.

For Maintaining Standarisation A Single Operator Used  
Gloves Of 3 Different Materials To Hand Manipulate 
The Elastomeric Impression Material And Placing 
It On A Clean Glass Slab And Alcohol Treated Slab 

Graph 1: Polymerization inhibition of A‑silicone putty impression 
material

Graph 2: Polymerization inhibition of C‑silicon
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At Room Tmperture And Was Evaluated Invitro For 
Polymerisation. The Required Base And Catalyst Was 
Calculated From The Given Proportion System 

All the impression materials were mixed after gloving 
hands within 30–40 s and placed on the clean glass 
slab (control) and an alcohol‑treated glass slab. Mixing 
and placement of the impression material were done 
in 60 s. The working time was measured as the loss of 
tackiness of the mixed impression material using a blunt 
instrument. Each of the hand‑manipulated material is 
allowed to set for 10 min or as per the manufacturer’s 
specification when in contact with the surface to be 
impressed and then examined and carefully evaluated 
independently to determine the extent of polymerization 
of the impression material manipulated by various types 
of commercially available gloves.

The procedure described is done for both groups of 
elastomers individually wearing different types of gloves 
and evaluated for polymerization inhibition of the same.

A pilot study evaluated the degree of polymerization and 
subjectively scored his observations on a scale of 1–5 as 
follows:[18]

1. No polymerization, no viscosity change, no 
polymerization reaction

2. Slight viscosity change, harder than premixed 
consistency, specimen viscosity soft, surface soft, 
and wet

3. Specimen viscosity hard, surface wet and not stable, 
visible surface distortion

4. Hard polymerization, surface slightly wet, slightly 
recognizable surface distortion

5. Complete polymerization, nonwet surface, no surface 
distortion noted.

Following the determination that complete inhibition 
has occurred, confirmation by surface resistance to 
instrumentation was performed. No further determination 
of polymerization inhibition was performed for 
conditions 1–4.

Clinical implications
The clinical significance of the study reveals that the 
vinyl and nitrile gloves can be used to make impressions 
without any inhibition of impression material and 
therefore the resultant casts obtained from these 
impressions are highly accurate, thus yielding a more 
precise final restoration

Conclusion
1. The results of this study indicated that the vinyl 

glove showed resistance to polymerization inhibition 
of the addition silicone and condensation silicone 
putty impression material in the presence of alcohol

2. The latex glove played a major role in the 
polymerization inhibition both the elastomers 
employed in the study in the presence of alcohol

3. The condensation silicone impression material did 
not present good compatibility when allowed to set 
after direct contact with the gloves, but, set after 1 h 
suggesting a time‑dependent interaction between the 
glove component and the polymerization reaction of 
the material.

This in vitro study showed that different gloves reacted 
differently on contact with elastomeric impression 
materials when exposed directly to the glove alone 
or the glove/surfactant combination. The latex glove 
inhibited the polymerization of the elastomers after 
mixing directly with the glove; hence these elastomers 
should be protected from exposure directly or indirectly 
to latex gloves or its variants, and sometimes even nitrile 
showed inhibition. The vinyl glove did not inhibit the 
polymerization of the addition silicone and condensation 
silicone. Unnecessary alcohol exposure should be 
avoided.
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AIDS has emerged as a global pandemic in the past two 
decades. According to the United Nations AIDS (UNAIDS), 
a total number of  people living with HIV/AIDS in 2014 
worldwide were 36.9 million.2 In India, a prevalence rate 
of  0.3% has been reported among the adult population, 
by the UNAIDS report 2014.2 HIV infection results in 
progressive depletion of  the CD4 cell count. According to 
Centre for Disease Control, CD4 count <200 cells/mm3 or 
the manifestation of  life-threatening infections is termed 
as outright AIDS.3

Oral lesions are common in HIV-infected patients 
although geographic and environmental variables exist. 
Five cardinal oral lesions strongly associated with HIV 
infection identified internationally are as follows: Oral 
candidiasis, oral hairy leukoplakia, Kaposi’s sarcoma, 
periodontal diseases (linear gingival erythema, necrotizing 

INTRODUCTION

Acquired immunodeficiency syndrome (AIDS) is a 
condition characterized by profound impairment of  the 
immune system first reported in 1981 and a viral pathogen, 
the human immunodeficiency virus (HIV) was identified 
in 1984. HIV virus has a strong affinity for cells of  the 
immune system, especially those that carry the CD4 cell 
surface receptor molecule.1

Case Report

Abstract
Acquired immunodeficiency syndrome is a condition characterized by profound impairment of the immune system caused by a 
viral pathogen, human immunodeficiency virus (HIV). HIV seropositive individuals have increased susceptibility towards oral and 
periodontal lesions. Non-surgical periodontal therapy (NSPT) is a cause-related therapy aimed at elimination of etiologic factors 
forming first line treatment for periodontal disease. The case report describes a 32-year-old HIV-positive female patient presenting 
with generalized gingival enlargement, on highly active anti-retroviral therapy for the past 7 years and with a stable systemic 
condition. The gingival enlargement was severe and generalized accompanied by bleeding, exudation, and loss of masticatory 
function. Scaling and root planing was performed following the strict protocol for HIV patients to prevent cross-infection. Complete 
resolution of the enlargement occurred after which maxillary central and mandibular central and lateral incisors were extracted 
due to their hopeless prognosis. After the establishment of a healthy periodontium, prosthodontic rehabilitation of the missing 
teeth was done to re-establish normal function and esthetics. NSPT and fixed prosthetic rehabilitation successfully established a 
healthy periodontium along with a functional dentition with a high level of patient satisfaction maintained over 1.5 years follow-up.
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ulcerative gingivitis, and periodontitis), and non-Hodgkin 
lymphoma.4,5 HIV infection in adults is linked to the 
expression of  various types of  periodontal lesions 
that include specific forms of  gingival and necrotizing 
periodontal disease as well as possible exacerbations of  
preexisting periodontal disease. HIV infection is generally 
recognized as a risk factor for chronic periodontal disease 
although epidemiological studies have failed to confirm a 
causal link. The prevalence of  periodontal disease in HIV-
seropositive patients has been 36.11% as reported by Ravi 
and Rao6 and 33% as concluded by Ranganathan et al.7 in 
India. After the introduction of  highly active antiretroviral 
therapy (HAART), there has been a significant decrease in 
the overall prevalence of  oral manifestations from 45% to 
85% to about 32-46%.8 When considering the relationship 
between CD4 count and frequency of  oral lesions, CD4 
counts can be considered a risk factor for the development 
of  oral lesions especially oral candidiasis.9

Gingival enlargement is the increase in size of  the 
gingiva which is a common feature of  gingival disease.1 
It is caused by several factors, most commonly being 
inflammation, certain drugs, systemic diseases or 
conditions, and inheritance.10 Inflammatory enlargement 
is the most common type of  gingival enlargement 
associated with accumulation of  plaque and calculus 
resulting in slight ballooning of  interdental papillae and 
marginal gingiva. This chronic inflammatory enlargement 
may progress slowly and painlessly along with exudative 
and proliferative changes.1 The proliferating gingival 
enlargement favors plaque accumulation and retention 
that further aggravates the gingival enlargement along 
with bone loss, mobility of  teeth, pathologic tooth 
migration and esthetic disfigurement, culminating in loss 
of  masticatory function.

Dental therapy in a HIV-positive patient has been 
challenging due to the fear of  infection which is cited 
as the main reason for reluctance to treat HIV-positive 
patients by dentists.11 Oral and periodontal surgical 
treatment in HIV-infected individuals has been associated 
with the risk of  infection, delayed wound healing, 
persistent bleeding, and pain.12,13 Among the other 
dental treatments provided, prosthetic rehabilitation is 
an integral part and although the prosthodontists are 
confronted with an increasing number of  HIV-infected 
patients; there remains uncertainty with regard to 
appropriate management protocol for them.14

This case report demonstrates a HIV-positive female patient 
presenting with a severe generalized gingival enlargement 
which was treated solely by non-surgical periodontal 
therapy (NSPT) followed by prosthetic rehabilitation which 
was followed-up over 1½ years.

CASE REPORT

A 32-year-old female patient reported to the out-patient 
department, Department of  Periodontics, KLE Vishwanath 
Katti Institute of  Dental Sciences, Belagavi, Karnataka, 
India, in May 2015 with a chief  complaint of  swollen gums 
since 1½ years. The patient initially started experiencing 
bleeding from the gums on toothbrushing and eating. Due 
to the chronic bleeding while brushing, she quit brushing 
with a toothbrush. Gradually, she started to develop swelling 
of  the gums in the maxillary and mandibular anterior region 
that was spreading posteriorly, to involve the entire gingiva. 
The patient developed difficulty in mastication and was also 
concerned about the esthetic disfigurement resulting over 
time. Medical history revealed that the patient was diagnosed 
as HIV positive 7 years ago and had been on HAART, 
composed of  a fixed drug combination of  lamivudine 
(150 mg), nevirapine (200 mg) and zidovudine (300 mg) 
twice daily and had well-maintained systemic health. Her 
CD4 counts ranged between 450 and 700 cells/mm3 and 
were checked bi-annually as a protocol.

Intraoral examination revealed poor oral hygiene (OHI-S 
score – 4.3) characterized by moderate to severe plaque 
and calculus, generalized gingival enlargement varying 
between Grade 2 and 3 (Bokenkemp and Bonhorst, 1994) 
accompanied by spontaneous bleeding, pus exudation and 
soft edematous gingiva. Pathologic migration was seen in 
relation to maxillary central incisors and grade 2 mobility 
was present in relation to maxillary central incisors and 
mandibular incisors (Figure 1a-d). Deep bite and slight 
extrusion of  the mandibular incisors resulted in chronic 
trauma to the palatal mucosa. Generalized pockets ranging 
from 5 to 8 mm were present, majority being pseudo 
pockets. Pit and fissure caries was present in relation to all 

Figure 1: Pre-treatment photographs. (a) Frontal view showing 
Grade 2 to Grade 3 gingival enlargement. (b) Right lateral 

view showing Grade 3 gingival enlargement. (c) Left lateral 
view showing pathologic migration and extrusion with 11, 21. 
(d) Mandibular occlusal view showing an irregular, diffused 
gingival enlargement lingually as well as facially with visible 

pus exudation

a b

c d
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the first molars. Radiographic findings revealed severe bone 
loss in relation to maxillary central and mandibular central 
and lateral incisors and moderate interproximal bone loss 
between mandibular right second premolar and first molar.

Based on the clinical and radiographic examination, a 
diagnosis of  chronic generalized inflammatory gingival 
enlargement with localized periodontitis (AAP 1999 
classification) was made.

The periodontal treatment plan included patient education 
and motivation for oral hygiene maintenance, correction 
of  brushing technique and scaling and root planing for the 
removal of  local etiologic factors.

Standard precautions for prevention of  HIV transmission 
were followed throughout the treatment procedure which 
included good hand hygiene practices and use of  protective 
barriers such as disposable gloves, mask, eyewear, and gown 
during routine patient care.

Scaling and root planing were performed over three sittings 
following the standard precautions for the treatment of  
HIV patients using the HIV-AIDS kit (EXCELLENT 
ASEPTIC PRECAUTION PRODUCTS, Madurai, 
India). Before the initiation of  scaling, a pre-procedural 
mouthrinse was performed using 0.2% chlorhexidine. 
Ultrasonic scaling was followed by subgingival irrigation 
with 5% povidone-iodine (bectadine) and saline, in equal 
mixtures. The patient was advised home gargles with 2% 
povidone iodine (betadine) mouthrinse twice daily, for 
reducing the microbial load and bleeding. The patient 
was motivated to start brushing with a soft toothbrush to 
prevent gingival trauma.

About 4 weeks following ultrasonic scaling, a significant 
reduction of  the gingival enlargement occurred following 
which thorough root planing was performed as the 
subgingival deposits became visible and accessible.

On completion of  NSPT, 2% povidone-iodine mouthrinse 
was replaced by 0.2% chlorhexidine mouthrinse, twice daily 
as an adjunct to the mechanical plaque control measures. 
At 4 week re-evaluation, a healthy pale pink gingiva with 
knife-edge margins and stippled surface texture was 
established (Figure 2a-c). An isolated periodontal pocket 
of  6 mm persisted in the interproximal region between 
the mandibular right second premolar and first molar. 
The pocket was treated non-surgically by local drug 
delivery of  tetracycline. Collagen fibers impregnated with 
tetracycline (Periodontal Plus AB™) were placed within 
the pocket, after which it was sealed with PeriAcryl® 90 
(GLUSTICH, Canada) and covered with a periodontal pack 
(COE-PAK™, GC, USA). The pocket was re-evaluated 

after 8 weeks and a probing depth of  4 mm was attained 
after local drug delivery (Figure 3a-c).

Extraction of  maxillary central and mandibular central 
and lateral incisors was planned due to their poor 
prognosis. After obtaining physician’s consent, extraction 
of  the indicated teeth was performed under prophylactic 
antibiotic coverage (amoxicillin 500 mg). Post-extraction, 
metronidazole (400 mg) was prescribed in addition to 
amoxicillin (500 mg) for 5 days.

The post-extraction healing of  oral tissues was excellent 
and without any complications, as opposed to the expected 
delayed healing and increased risk of  infection and 
complication in HIV-positive patients (Figure 4).

Figure 2: 3 Months post non-surgical periodontal therapy 
(NSPT). (a) Frontal view showing resolution of gingival 

enlargement at 3-months post NSPT. (b) Left lateral view 
showing pathologic migration and extrusion with 11, 21 and 

severe deep bite. (c) Mandibular occlusal view with resolution 
of gingival enlargement

a b

c

Figure 3: Local drug delivery. (a) 6 mm periodontal pocket 
in the interproximal region between 45, 46. (b) Placement 

of biodegradeable tetracycline fibers after root planing 
(periodontal AB plus). (c) 8 week re-evaluation shows a reduced 

pocket probing depth to 3 mm

a b

c
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Six weeks following extractions, the gingiva and the 
supporting periodontal tissues were re-evaluated for 
prosthetic rehabilitation of  the patient. Considering 
patient’s young age, good compliance, good current 
systemic health and prognosis of  the remaining teeth, a 
fixed prosthetic replacement of  the missing teeth were 
planned. All the carious pits were excavated and restored 
with glass ionomer cement (GIC) (GC Gold Label 2, Japan) 
before prosthetic treatment.

After completion of  the periodontal and restorative 
treatment, tooth preparation was done with maxillary 
lateral incisors and mandibular canines to receive porcelain 
fused to metal restorations with anterior teeth. The margins 
were kept supragingival to avoid trauma to the gingival 
tissue which could lead to infection and complication. 
Two-stage addition silicone putty-light body impressions 
were made and rinsed under running tap water and then 
immersed in a disinfectant solution (Korsolex® Rapid, 
Raman & Wiel, India). Previously fabricated temporary 
restorations were cemented using temporary luting cement 
(Temp-Bond, Kerr Corporation) until the final prosthesis 
was delivered. A Ni-Cr alloy framework was prepared and 
tried in patient’s mouth to assess the fit followed by ceramic 
(VITA Zahnfabrik, Germany) over the prostheses. Bisque 
trial was done to evaluate the shade matching, margin 
adaptability and visibility in the patient’s mouth. This was 
followed by final glazing and cementation of  fixed dental 
prosthesis using type 1 GIC (GC Gold Label 1, Japan). 
1- and 3-month follow-up was found to be satisfactory in 
terms of  function and esthetics (Figure 5a-d).

All the re-usable equipment such as ultrasonic scaler 
handpiece (EMS Mini Piezon), scaler tips, airotor 
handpiece (AppleDent, China), tooth preparation burs 
(Inlay & Crown Preparation kit, Diatech, USA), diagnostic 
instruments, metal impression trays, and face bow were 
properly cleaned, autoclaved and reprocessed (Figure 6). 
All sharp items (especially needles) and blood-soaked 
gauze, which are potentially infective were handled and 
disposed-off  following strict protocol. At the end of  each 
appointment, countertops and surfaces that may have 
become contaminated with blood or saliva were wiped 
with absorbent towels and then disinfected with a solution 
of  sodium hypochlorite (1:10 dilution of  household 
bleach) followed by fumigation with formaldehyde (500 ml 
formaldehyde diluted in 1000 ml of  water in an electric 
boiler).

DISCUSSION

The frequency of  oral lesions has greatly diminished with 
the advent of  HAART along with reduction in the viral 

load and overall improvement in immune function and 
quality of  life.

Dental treatment of  HIV-infected individuals is especially 
challenging due to the risk of  infection to the operator, 
supporting staff  as well as the patient. Periodontal 
treatment includes non-surgical as well as surgical treatment 
modalities. Non-surgical therapy involves elimination 
of  the etiologic factors and forms the first line of  the 
treatment. NSPT is followed when tissues fail to respond 
to non-surgical therapy as well as when correction of  
morphologic abnormalities, esthetics and mucogingival 
defects is indicated.

Depending on the etiology, gingival enlargements can 
be inflammatory, fibrotic or fibrotic superimposed by 
inflammatory. Chronic inflammatory enlargements are 
soft in consistency and bleed easily, principally caused 
by edema and cellular infiltration. Fibrotic enlargement 
results from a distinct pathologic process induced by 

Figure 4: 1 Week postextraction showing excellent healing 
following extraction of 11, 21, 31, 32, 41 and 42

Figure 5: 3 months post-prosthetic treatment follow-up, 
showing excellent gingival condition maintained over 1.5 years 

and functionally and esthetically harmonius prosthesis. 
(a-c) Right lateral, left lateral, and frontal post-treatment 

photographs. (d) Post-treatment mandibular occlusal 
photograph showing a healthy gingival condition with all 

carious lesions restored

a b

c d
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drugs, genetic factors or systemic conditions. Selection 
of  the appropriate treatment technique depends on size 
of  the enlargement and character of  the tissue. Chronic 
inflammatory enlargements undergo shrinkage with 
complete removal of  deposits whereas enlargements with 
a significant fibrotic component do not undergo shrinkage 
after scaling and root planing, hence surgical removal is 
a treatment of  choice. In the present case, the gingival 
enlargement was soft and edematous, hence scaling and 
root planing along with subgingival irrigation was done to 
eliminate etiologic factors.

A moderate isolated pocket of  6 mm was present in 
the interdental region between right mandibular second 
premolar and first molar, which was treated by local 
drug delivery of  tetracycline. There was a reduction in 
the pocket depth and absence of  bleeding, suggestive of  
re-establishment of  periodontal health.

Implant therapy is not an absolute contraindication 
in immunocompetent HIV-positive individuals, as 
suggested by Achong et al.15 and Oliveira et al.16 
Considering the economic condition of  the patient and 
treatment duration required for implant therapy, fixed 
partial denture prosthesis was considered as the best 
treatment option.

While dealing with HIV patients, it is more important to 
prevent trauma to the tissues as it may lead to infection and 
other complications. Hence, it is wise to have supragingival 
margins, use simple gingival retraction methods and avoid 
bleeding during procedures.14 In view of  this case, the 
gingival condition entailed minimal trauma, therefore a 
supragingival margin was given. In addition, supragingival 
margins are associated with the ease of  impression making 
and oral hygiene maintenance.

Along with active treatment, maintenance and preventive 
program form an integral and definitive step in patient care 
which solicits considerable time and effort by the dentist 
and the patient. The present case was followed up every 
month for the first 12 months until a stable gingiva, free 
from bleeding on probing was obtained, before prosthetic 
rehabilitation. Following prosthetic rehabilitation, 1- and 
3-month follow-up was found to be satisfactory in terms 
of  function and esthetics. The patient was instructed for 
special plaque control measures, especially around pontics 
and connectors with the use of  a narrow-interdental 
brush. Each recall appointment included oral hygiene 
reinforcement, patient education and motivation. 
Preservation of  the periodontal health of  treated patients 
requires a positive maintenance program. Keeping this in 
mind, the future recall appointments have been scheduled 
every 3 months, as per Merin’s classification for evaluation 
of  oral health.

CONCLUSION

NSPT eliminates the etiologic factors responsible for 
the development of  periodontal diseases and aids in re-
establishment of  a physiologic gingival contour. SPT is 
an integral step in the preservation and maintenance of  
the periodontium and dentition following treatment of  
periodontal disease.

This case report emphasizes the importance and success 
of  non-NSPT for the treatment of  generalized gingival 
enlargement in an HIV-positive patient which was followed 
up over 1.5 years. The prosthodontic rehabilitation of  
the missing teeth to restore normal masticatory function 
and esthetics was successful, with a high level of  patient 
satisfaction.

Clinical Significance
With the increasing prevalence of  HIV-positive individuals 
seeking dental treatment, it is imperative for dental 
practitioners to have adequate clinical knowledge and skills 
to treat such patients with precautions. With the advent 
of  advanced surgical techniques in periodontology, the 
importance of  NSPT has been gradually fading. This case 
report demonstrates the importance and success of  NSPT 
in the treatment of  gingival enlargement and the special 
treatment and aseptic protocols to be followed for HIV-
positive patients.
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Abstract. The principle of axial compression for better adaptation of fracture
segments, with the advantage of increased stability and early function, is a
promising means of avoiding the bulky rigid plates used previously. This study was
done to compare the treatment outcomes between Herbert screw and lag screw
fixation in mandibular fractures. Thirty patients with oblique displaced or
undisplaced mandibular fractures requiring open reduction and internal fixation
with rigid screw fixation, under general anaesthesia, were included. Herbert screws
were used in 15 patients (group 1) and lag screws were used in the other 15 patients
(group 2). Patients were followed up at 1 week, 6 weeks, 3 months, and 6 months for
postoperative occlusion, inter-fragmentary mobility, pain, nerve sensation, and
isodensity values on panoramic radiographs. Postoperative occlusion, inter-
fragmentary mobility, pain, and nerve sensation were similar in the two groups.
Group 1 patients attained isodensity values similar to the final follow-up value much
faster than group 2 patients (P < 0.05). This study strongly suggests that the use of
Herbert screws results in significantly faster healing as compared to lag screws, in
terms of achieving higher isodensity values faster.
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In 1976, Spiessl and colleagues estab-
lished open reduction and internal fixation
with the principles now advocated by the
Arbeitsgemeinschaft für Osteosynthese-
fragen (Association for Osteosynthesis/
Association for the Study of Internal Fix-
ation (AO/ASIF)), mainly functionally
stable fixation.1 Schenk and Willenegger
had previously shown that primary healing

can be expected only if there is absolutely
rigid fixation of the fragments.2 Luhr in-
troduced the concept of compression plat-
ing, the principle of axial compression for
better adaptation of the fracture ends,
combined with the distinct advantage of
increased stability and early function.3

However, the increased armamentarium
made this less popular over a period of

time. The concept of using only a lag
screw was thus developed to fulfil this
goal.

The lag screw technique for the maxil-
lofacial region was first introduced in 1971
by Brons and Boering, who advocated the
use of at least two screws to eliminate the
rotational component in oblique fractures
of the mandible.4 Lag screw compression
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works by the head engaging the outer
cortex first, with further rotations making
the segments compress against each oth-
er.5 It is limited by the fact that the head
acts as a wedge and cannot be placed flush
with the bone and hence its use is limited
in areas of articulation. Another disadvan-
tage is fracture of the proximal segment
during screw tightening.

In 1984, Herbert and Fisher described
the use of a screw with a differential pitch
and a blank shaft in the centre for use in
scaphoid bone fractures, which they called
the Herbert screw.6 The Herbert screw is a
headless screw which works on the same
principle as the lag screw. This screw has
threads at both ends and a blank shaft in
between. The threads at the leading end
have a larger pitch and smaller diameter,
while the threads at the trailing end have a
smaller pitch and a larger diameter. This
screw was introduced mainly to address
the disadvantage of the lag screw head,
which interfered in the articulation sur-
faces. Due to the differential pitch, the
screw does not utilize the head to cause
compression between the segments but
draws both segments towards each other.
As the leading end threads engage the
inner cortex, the cortex is pulled out and
compression is eventually caused as the
trailing end threads engage the outer cor-
tex.7 A further advantage is the blank shaft
in the centre with no threads along the
fracture line.

Although the indexed contemporary lit-
erature currently includes only a single
retrospective study in which a Herbert
screw was placed in an edentulous atro-
phic mandible8, there appear to have been
no prospective studies on the treatment
outcomes of Herbert screw fixation in
maxillofacial trauma. Hence the present
study was performed with the aim of
comparing the treatment outcomes be-
tween Herbert screw and lag screw fixa-
tion of mandibular fractures.

Materials and methods

Thirty patients with oblique displaced or
undisplaced mandibular fractures requir-
ing open reduction and internal fixation
(ORIF), who reported to the maxillofacial
unit between September 2013 and Sep-
tember 2015, were included. Herbert
screws were used in 15 patients (group
1) and lag screws were used in the other 15
patients (group 2). Subjects with oblique
fractures or sagittally split fractures of the
symphysis, parasymphysis, body, or angle
of the mandible alone, with no bone loss,
were included. Subjects with systemic
diseases that could have interfered with

healing (e.g., diabetes, chemotherapy or
radiotherapy, and collagen disorders),
comminuted fracture patterns, and
patients not willing to participate were
excluded from the study.

The institutional review board approved
the identification and selection process of
subjects meeting the inclusion criteria, as
well as the treatment options used to ac-
complish this study. Written informed
consent was obtained from all of the
patients before the procedures. Prior to
surgery, full case histories and clinical
examinations were recorded on standard-
ized forms. The preoperative radiographic
assessment was done using digital pan-
oramic radiographs (Kodak 8000 C Digi-
tal Panoramic and Cephalometric
System). The radiographs for each patient
were standardized by keeping the expo-
sure time, voltage, and patient position
constant at each follow-up. Other radio-
graphic views or computed tomography
were requested as deemed necessary. The
preoperative radiographic assessment was
done to identify the fracture lines, pres-
ence of a tooth in the line of fracture,
degree of displacement, and inferior alve-
olar nerve location (Fig. 1). All patients
were treated by ORIF with either titanium
Herbert screws or titanium lag screws by a
single surgeon. The patients were grouped
by simple randomization using the enve-
lope method of sampling, resulting in a
double-blind study.

In the process of grouping the patients,
matching was done by sex, medical histo-
ry, and location and number of fractures to
minimize confounding factors. The lag
screw principle and the principles of rigid
internal fixation were advocated for fixa-
tion.9

The Herbert screws used had a shaft
diameter of 1.25 mm (3.2 mm cortical
head and 2.5 mm cancellous head) and a
length ranging from 8 mm to 24 mm. The

outer cortex, followed by inner cortex, was
drilled with a 2.3-mm drill bit. A bone tap
of 2.5 mm was used to outline the threads
in the inner fracture segment. Another
bone tap of 3.0 mm was used only in
the outer fracture segment. The lag screws
used had a diameter of 2.0 mm or 2.5 mm
and a length ranging from 8 mm to 24 mm.
A countersink was prepared for the head of
the lag screw. A drill bit of appropriate
size, either 1.5 mm or 2.0 mm, was select-
ed. The outer cortex, followed by inner
cortex, was drilled with the appropriate
drill bit. Both screws were procured from a
local implant manufacturer.

The depth of the osteotomy was mea-
sured using a depth gauge, and a screw of
corresponding length was selected and
inserted until flush with the bone. A mini-
mum of two screws were placed, and if the
fractured segments were unstable, an ad-
ditional screw was placed. All patients
received intravenous antibiotics from the
time of admission, followed by a course of
oral antibiotics for 5–7 days after dis-
charge.

Clinical and radiographic postoperative
evaluations were performed (Figs 2 and 3).
The clinical assessment included postop-
erative occlusion, inter-fragmentary mo-
bility (assessed by bi-manual palpation
across the fracture site), and pain (assessed
by visual analogue scale). Nerve sensation
was compared with the preoperative con-
dition using mechanoreceptive (static light
touch, brush directional stroke, and two-
point discrimination) and nociceptive
methods (pin pressure). Complications
such as wound dehiscence, the presence
of a wound infection, hardware exposure
or loosening, reduced inter-incisal open-
ing, and the need for hardware removal
were also recorded. The postoperative ra-
diographic assessment was done to deter-
mine the density of the healing fracture line
by taking three standard points along the
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Fig. 1. Preoperative panoramic radiograph of a mandibular right parasymphysis fracture.
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fracture line and comparing them in the
panoramic radiographs taken at each fol-
low-up visit. Three points were marked
along the fracture line: (1) point A:
1 mm below the upper border of the man-
dible; in the case of a tooth being involved
in the fracture line, then 1 mm below the
apex of the tooth. (2) Point B: 1 mm below
the inferior corticated border of the inferior
alveolar canal; in the case of the fracture
being in the symphysis or parasymphysis
region, a line was drawn connecting the
lower ends of the mental foramen on both
sides and the point formed where this line
bisected the fracture line was considered.
(3) Point C: 1 mm above the lower border
of the mandible.

The isodensity spot value was obtained
for each spot using the image acquisition
module in the software Kodak 8000 Extra-
oral Imaging System (SM722), and a
mean value was calculated.

The radiographic assessment was done
by a single radiologist. Follow-up was
done at 1 week, 6 weeks, 3 months, and
6 months.

Statistical analysis

The data collected were recorded, tabulat-
ed, and analyzed statistically using

Microsoft Office XP (Excel) and SPSS
version 16.0 software (SPSS Inc., Chi-
cago, IL, USA). Differences between
groups were examined and the signifi-
cance value was set at the 0.05 level
(P < 0.05).

Results

Demographic data were recorded and an-
alyzed. The study groups did not differ
with respect to possible confounding fac-
tors such as sex, number of fracture lines,
or degree of displacement, as the groups
were matched during patient selection.
Patients in group 1 (Herbert screw) ranged
in age from 21 to 75 years (mean age 38.4
years). Patients in group 2 (lag screw)
ranged in age from 5 to 60 years (mean
age 33.8 years). The majority of patients in
group 1 and group 2 were male (93.3%,
n = 28). The most common aetiological
factor was found to be a road traffic acci-
dent (RTA) (90%, n = 27); the remaining
fractures were the result of altercations
(10%, n = 3).

Most patients presented with displaced
fractures of the mandible (76.7%, n = 23).
Twenty-eight patients (93.3%) had a tooth
in the fracture line. Six patients (20%)
had other associated facial fractures (four

zygomatic complex and two Le Fort I).
Ten patients had a contralateral fracture
involving the symphysis (6.7%, n = 2),
parasymphysis (6.7%, n = 2), body
(6.7%, n = 2), or angle (13.3%, n = 4).
Four patients had ipsilateral intracapsular
condyle fractures (13.3%) as a third frac-
ture line. Twelve patients had associated
orthopaedic injuries (40%; two rib, six
clavicle, and four humerus) (Table 1).
One patient with a left angle fracture in
group 2 (lag screw) required the placement
of an additional screw as it was unstable.

The assessment of occlusion showed
that four patients (26.7%) in each group
had an abnormal occlusion during the
early follow-up period, which eventually
settled. The results obtained for the com-
parison of occlusion were not statistically
significant.

The assessment of inter-fragmentary
mobility showed this to be present in
20% of cases in group 2 (lag screw) and
in only 6.7% of cases in group 1 (Herbert
screw) during the early follow-up period.
This difference was not statistically sig-
nificant, and the mobility was absent by
the second postoperative follow-up (6
weeks).

Postoperative pain was present in
33.3% of patients in group 1 (Herbert
screw) and 26.7% of patients in group 2
(lag screw) in the early follow-up period.
The postoperative pain was seen to reduce
faster in group 1: by the second follow-up
(6 weeks), pain was present in 13.3% of
patients in group 1 and 26.7% of patients
in group 2; however, this difference was
not statistically significant. All patients
recovered uneventfully and were free of
any pain at the subsequent follow-up
assessments.

With regard to nerve sensation, 26.7%
of patients in group 1 (Herbert screw) and
33.3% of patients in group 2 (lag screw)
had abnormal nerve sensation at the first
follow-up assessment (1 week). At the
second follow-up (6 weeks), abnormal
nerve sensation was present in 33.3% of
patients in group 1, which was higher than
noted at the first follow-up. By the third
follow-up (3 months), both groups of
patients had normal nerve sensation. The
results obtained were not statistically sig-
nificant.

Radiographic isodensity values were
compared to assess the changes seen from
the first to the second, third, and fourth
follow-up assessments, from the second to
the third and fourth follow-up assess-
ments, and from the third to the fourth
follow-up assessment for both groups. For
group 1 (Herbert screw), the changes from
the first to the third and fourth follow-up
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Fig. 2. Postoperative panoramic radiograph of lag screws in situ at 6 weeks.

Fig. 3. Postoperative panoramic radiograph of Herbert screws in situ at 6 weeks.
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assessments were statistically significant,
while the change from the second to the
third follow-up assessment was not signif-
icant and that from the third to the fourth
follow-up was also not significant. This
indicates that the isodensity attained at the
second follow-up (6 weeks) in group 1 was
comparable to the isodensity seen at the
third follow-up (3 months), and hence a
value comparable to the final follow-up
isodensity value was attained by 6 weeks
(P < 0.05) (Table 2).

The changes seen for group 2 (lag
screw) from the first to the third and fourth
follow-up assessments and from the sec-
ond to the third and fourth follow-up
assessments were statistically significant;
the change from the third to the fourth
follow-up was not significant. This indi-
cates that the isodensity values for group 2
were constantly increasing up to the third
follow-up interval (3 months), and hence a
value comparable to the final follow-up

isodensity value was seen at 3 months
(Table 2).

With regard to complications, an
intraoral wound infection was seen in
13.3% (n = 2) of patients in group 1 (Her-
bert screw), and hardware removal was
required in 6.7% (n = 1) at 8 months post-
operatively, but the fracture had healed and
no inter-fragmentary mobility was elicited.
In group 2 (lag screw), extraoral wound
dehiscence was seen in 13.3% (n = 2), a
wound infection in 13.3% (n = 2), and
hardware exposure in 6.7% (n = 2).

Discussion

The aims of the contemporary treatment of
mandibular fractures include re-establish-
ing the original occlusion and providing
immediate uncompromised function. Un-
stable fixation methods often require inter-
maxillary fixation, which delays overall
rehabilitation.

In group 1 (Herbert screw), the mean
patient age was 38.4 years and the majori-
ty of patients were aged between 16 and 30
years. In group 2 (lag screw), the mean
patient age was 33.8 years and the majori-
ty of patients were aged between 16 and 30
years. The majority of patients in both
group 1 and group 2 were male. These
findings correlate with those of the study
by Barde et al., who investigated the epi-
demiology of mandible fractures in India
and found the highest incidence in the age
group of 21–30 years and a male to female
ratio of 3.7:1.10 A major reason for this
pattern could be the high incidence of
RTA cases, which are most often observed
in young male adults.

When comparing the occlusion between
group 1 and group 2 patients, it was found
that 26.7% of cases in both groups had an
abnormal occlusion; the occlusion settled
eventually in all of them. Postoperative
elastic traction for 15 days was used to
achieve occlusion in two of the cases in
group 2. In a study carried out by Hyde
et al., 10% of patients required elastic
traction during the postoperative period
for the first 10 days to achieve their pre-
morbid occlusion.11

The comparison of inter-fragmentary
mobility between the two groups showed
that mobility was present in 20% of cases
in group 2 and only 6.7% of cases in group
1 in the early follow-up period. This could
be attributed to the differential pitch of the
Herbert screw, which tends to generate a
greater amount of compression between
the two fragments. The mobility was ab-
sent by the second follow-up at 6 weeks
postoperative in all of the cases. Accord-
ing to Ardary et al., the ultimate stability
of screw fixation depends on the number
of screws used, the method of screw place-
ment, bicortical placement of the screws,
and the holding power of the screws,
which is affected by cortical bone thick-
ness.12 The stability of this kind of osteo-
synthesis relies solely on compression
between the fragments.13

Postoperative pain was present in 33.3%
of patients in group 1 and 26.7% of patients
in group 2 in the early follow-up period.
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Table 1. Preoperative demographic data.

Characteristic
Group 1

(Herbert screw)
Group 2

(Lag screw) P-value

Age, years, mean 38.4 33.8 0.692
Sex 1.000

Male 93.3% (n = 14) 93.3% (n = 14)
Female 6.7% (n = 1) 6.7% (n = 1)

Medical history None None
Mechanism of injury

RTA 86.7% (n = 13) 93.3% (n = 14)
Altercation 13.3% (n = 2) 6.7% (n = 1)

Loss of consciousness 6.7% (n = 1) 6.7% (n = 1) 1.000
Time from incident to surgery,

days, mean (range)
2.3 (1–18) 2.9 (1–20) 0.997

Concomitant fracture pattern 1.005
Symphysis 6.7% (n = 1) 6.7% (n = 1)
Parasymphysis 6.7% (n = 1) 6.7% (n = 1)
Body 6.7% (n = 1) 6.7% (n = 1)
Angle 13.3% (n = 2) 13.3% (n = 2)
Ipsilateral condylar fracture

(3rd line)
6.7% (n = 1) 20% (n = 3)

Associated fractures 1.202
None 33.3% (n = 5) 46.7% (n = 7)
Other facial 20% (n = 3) 20% (n = 3)
Orthopaedic 46.7% (n = 7) 33.3% (n = 5)

Displacement 0.917
Present 73.3% (n = 11) 80% (n = 12)
Absent 26.7% (n = 4) 20% (n = 3)

RTA, road traffic accident.

Table 2. Radiographic isodensity spot value comparisons at each follow-up for the two groups.

Main follow-up isodensity Comparison follow-up isodensity
Significance (P-value)

Group 1 (Herbert screw) Group 2 (Lag screw)

1-week follow-up 6-week follow-up 1.000 0.984
3-month follow-up 0.037 0.001
6-month follow-up 0.000 0.000

6-week follow-up 3-month follow-up 0.075 0.013
6-month follow-up 0.000 0.000

3-month follow-up 6-month follow-up 0.022 0.088
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This postoperative pain was seen to reduce
faster in group 1 patients than in group 2
patients; by the second follow-up interval
(6 weeks), pain was present in 13.3% of
group 1 patients and was still present in
26.7% of group 2 patients. All patients
recovered uneventfully and were free of
any pain at the subsequent follow-up
assessments. The screw fixation technique
is highly technique sensitive and requires
an experienced surgeon for the best
results.14

The comparison of nerve sensation be-
tween the two groups revealed that 26.7%
of patients in group 1 and 33.3% of patients
in group 2 had abnormal nerve sensation at
the first follow-up (1 week). At the second
follow-up (6 weeks), it was seen that
33.3% of patients in group 1 had abnormal
nerve sensation, which was higher than
seen at the first follow-up. All patients in
both groups had normal nerve sensation by
the third follow-up (3 months). Most of the
patients had severely displaced fragments
(76.7%, n = 23), indicating that there
might be some correlation between the
fracture pattern and nerve sensation. In a
study by Iizuka and Lindqvist, preopera-
tive sensory disturbance (58.5%) correlat-
ed significantly only with the presence of
fracture displacement.15 Patients with
edentulous mandibles, especially when a
compression system was used, suffered
significantly more often from nerve injury
than fully dentate patients. They concluded
by stating that the sensory disturbances
were due to the surgery but that there might
be some correlation with the amount dis-
placement.15

The radiographic isodensity values
were compared to assess the changes seen
from the first to the second, third, and
fourth follow-up intervals, from the sec-
ond to the third and fourth follow-up
intervals, and from the third to the fourth
follow-up interval for both groups. The
changes noted for group 1 indicated that
the isodensity attained by the second fol-
low-up (6 weeks) was comparable to the
isodensity seen at the third follow-up (3
months); hence a value comparable to the
final follow-up isodensity value was
attained by 6 weeks. The changes noted
for group 2 indicated that the isodensity
values continued to increase up to the third
follow-up interval (3 months) and hence
comparable isodensity values to the final
follow-up were seen at 3 months (Table 2).

The Herbert screw causes compression
between fragments based on the two dif-
ferential pitch heads present and not by the
head compressing against the outer cortex

as with the lag screw. A common compli-
cation seen during lag screw placement is
fracture of the outer cortex of the segment
once the compression starts. This is not
seen with the Herbert screw as the com-
pression is produced purely by the screw
itself. The lag screw also has threads along
its entire length, which passes through the
fracture segment.16 This again causes in-
stability along the fracture line and can
lead to thread loosening, which is not seen
with the Herbert screw. The lag screw,
being a headed screw, needs to be coun-
tersunk so as to be flush with the bone and
not cause any undue aesthetic distur-
bances. The Herbert screw, on the other
hand, is a headless screw, thus the need for
this additional step is eliminated. The
application of this screw can thus also
be extended to articular surfaces, such
as the temporomandibular joint.17

The use of the Herbert screw leads to
significantly faster healing as compared to
the lag screw in terms of achieving higher
isodensity values faster. It is a suitable
alternative to the conventionally used
lag screw.
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Enucleation with Peripheral Ostectomy and Chemical 
Cauterization for Unicystic Ameloblastoma and 
Odontogenic Keratocyst: Primary Modality of Choice or 
still a Secondary Alternative? A Report of 18 Cases
1Tejraj P Kale, 2Lingaraj J Ballihalimath, 3Saurabh Sharma, 4Sharadindu M Kotrashetti

ABSTRACT
Aim: The treatment of odontogenic keratocyst (OKC) and uni-
cystic ameloblastoma (UA) remains controversial. With modern 
innovations, trend is shifting toward minimally invasive surgical 
procedures. The aim of this study was to report the outcome of 
our conservative treatment protocol for OKC and UA, particu-
larly highlighting the effectiveness of enucleation and peripheral 
ostectomy with chemical cauterization using Carnoy’s solution 
compared with aggressive techniques.

Materials and methods: Eight patients with UA and 10 with kera-
tocystic odontogenic tumor (KCOT) who reported to the KLE Vish-
wanath Katti Institute of Dental Sciences (KLE VKIDS), Belgaum, 
India, between 2008 and 2015 were included in the study. In 
addition to clinical and radiographic examination, incisional biopsy 
was done to confirm the diagnosis. All the patients were treated 
using enucleation with peripheral ostectomy and application of 
Carnoy’s solution for 5 minutes as a primary modality of choice 
postoperatively; patients with extensive lesion received an inter-
maxillary fixation for 5 to 6 weeks. Surgical obturator to obliterate 
the pathological defect was given in large defects.

Results: The mean length of follow-up was 76 months since 
the last operation. In our experience, no recurrence has been 
encountered until May 2017.

Conclusion: Our study suggests that conservative treatment 
with adequate postoperative follow-up yields clinically accept-
able results with less morbidity. However, the patients must 
adhere to close follow-ups. Our algorithm for managing OKCs 
and UA of the jaws is also presented. This technique shows 
comparable results to other more aggressive techniques and 
can be used especially in large lesions that when treated with 
resection will interrupt continuity of the jaw.

Clinical significance: For a long time, KCOT and UA were 
treated aggressively, i.e., through resection, but our study 
shows conservative treatment holds good. It also reduces the 
risks and complications associated with surgical resection.

Keywords: Ameloblastoma, Carnoy’s, Conservative, Current, 
Cyst, Keratocyst.
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INTRODUCTION

Unicystic ameloblastoma was first described by Robinson 
and Martinez1 as a cystic lesion that showed clinicora-
diographic or gross features of an odontogenic cyst but 
showed atypical ameloblastomatous epithelial lining 
with or without luminal or mural tumor growth histo-
pathologically.

Unicystic ameloblastoma in early stage grows slowly 
with minimal signs and symptoms but later might cause 
destruction, root resorption, and mobility of teeth in 
involved region.2 It is believed to be less aggressive than 
the solid or multicystic type of ameloblastoma.3

Keratocystic odontogenic tumor stands out of other 
odontogenic cyst/lesion in the sense of its characteristic 
histopathological appearance and aggressive behav-
ior, i.e., high recurrence rate. The KCOT accounts for 
approximately 12 to 14% of all odontogenic cysts with 
male predominance and predilection for the posterior 
mandible. Radiographically, KCOT may appear as uni-
locular or multilocular radiolucency, with smooth or scal-
loped margins and sclerotic border. Microscopically, it is 
characterized by stratified squamous epithelium, i.e., 8 to 
10 cell layers in thickness with polarized basal cell layer 
and a connective tissue wall.4,5 Odontogenic keratocyst 
is of two types: Orthokeratocyst and parakeratocyst, the 
former being less aggressive and latter showing local 
destruction with extension into adjacent tissues and a 
higher rate of recurrence.6

Its aggressive nature due to the thin friable wall which 
is often difficult to enucleate from the bone in one piece 
and has small satellite cysts within the fibrous wall.

Various treatment modalities for UA and OKC have 
been documented in literature; however, universally 
accepted modality is still undecided. Treatment ranges from 
conservative methods, such as enucleation, decompression, 
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marsupialization, and peripheral ostectomy to aggressive 
treatments which include resection. All techniques have 
similar goals: Removal of lesion and decreasing chances of 
recurrence and surgical and functional morbidity.

This article aims at highlighting enucleation and 
peripheral ostectomy followed by chemical cauterization 
with Carnoy’s solution as an effective treatment modality 
in cases of UA and KCOT.

MATERIALS AND METHODS

Eight patients with UA and 10 with KCOT who reported 
to the Department of Oral and Maxillofacial Surgery, 
VKIDS, KLE, Belgaum, India, between 2008 and 2015 
were included in the study. Clinical and radiographic 
examination (orthopantomogram) along with incisional 
biopsy was done to confirm the diagnosis of UA or KCOT. 
Consent was taken after explaining about the treatment 
modality and the chance of recurrence.

A treatment plan of enucleation and peripheral 
ostectomy with chemical cauterization using Carnoy’s 
solution was finalized for all the cases even where the 
lesion was close to the lower border of the mandible or 
perforating one of the cortices or causing root resorption 
of the involved teeth.

Surgery was performed under general anesthesia, 
mucosal flaps were raised, and buccal decortication was 
done to gain access to the lesion. Entire lesion was enucle-
ated and peripheral ostectomy was carried out until the 

healthy bleeding bone was encountered all around. Gauze 
soaked in Carnoy’s solution was packed into the cavity and 
left in situ for 5 minutes. Cavity was thoroughly irrigated 
with normal saline, and elastomeric base impressions were 
taken for fabrication of surgical obturator. Ribbon gauze 
soaked in sofradex (Framycetin sulfate, Gramicidin) was 
packed into the cavity, and temporary closure with stay 
sutures was done. Obturator was given after 48 hours 
postoperatively filling two-thirds of the defect. It was 
decided that if any recurrence was seen, same procedure 
has to be repeated as the pathology is same.

RESULTS

In our experience, no recurrence has been encountered 
until May 2017. Care has to be taken while applying the 
solution to the tissue. Sterile gauze is adapted in the 
surgical bed, and then gauze soaked in Carnoy’s solu-
tion is placed in the pathological cavity for 5 minutes 
taking care not to damage the surrounding soft tissues. 
During this surgery, reflection of the tissues should be 
done carefully, and conspicuous irrigation with saline 
has to be performed after the removal of the gauze with 
constant aspiration. We evaluated 10 cases of OKC and 
8 cases of UA (Figs 1 and 2) with age between 20 and 
45 years (mean: 36 years). Mandible was involved more 
than maxilla, with a marked occurrence in the posterior 
mandible. Twelve cases were in tooth-bearing areas and 
7 caused dental root resorption. The radiographic finding 

Figs 1A to D: (A) Radiographic appearance of lesion; (B) immediate postoperative; (C) postoperative 5 years;  
and (D) implant rehabilitation

A

C

B

D
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of all lesions was unilocular. In 15 cases, the size of the 
lesion exceeded 5 cm clinically, 14 patients had extraoral 
swelling, 1 patient with an infection, and 3 patients with 
neurosensory deficits. All the patients were treated using 
enucleation with peripheral ostectomy and application of 
Carnoy’s solution for 5 minutes as a primary modality 
of choice postoperatively; patients with extensive lesion 
received an intermaxillary fixation for 5 to 6 weeks. Sur-
gical obturator to obliterate the pathological defect was 
given in large defects which even allows for direct obser-
vation of the healing process and also imparts strength 
to the weakened jaw. The mean length of follow-up was 
76 months since the last operation. As mentioned earlier, 
the eradication of the cyst is the principal goal in the treat-
ment of OKCs. However, minimizing the recurrence and 
surgical morbidity is also crucial.

DISCUSSION

Treatment of UA and KCOT is controversial, and the 
treatment modality is influenced by factors, such as age, 
general health, anatomic locations, clinical behavior, and 
clinicoradiographic assessment of the lesion. Different 
treatment modalities available are enucleation, enucle-
ation followed by use of Carnoy’s solution, marsupial-
ization followed by enucleation, marginal resection, and 
aggressive resection.7

Unicystic ameloblastoma unlike another variant of 
ameloblastoma is less aggressive and responds more 
favorably to conservative treatment modality. Supporters 
of the radical approach to the treatment of ameloblastoma 
present the view that these tumors are histologically 
benign in nature, less aggressive, and clinicopatho-
logically lies between benign and malignant.8 Resec-
tion results in lowest recurrence rate (3.6%) if adequate 
margins are removed. However, despite high success 
rate for resection, more conservative treatment to reduce 
morbidity and improve quality of life is considered.9

Owing to thin, friable wall of KCOT, it is difficult to 
enucleate the tumor in one piece, and with the presence 
of satellite cysts treatment should be to eliminate the 

possible cells left behind. Treatment is generally classi-
fied as conservative or aggressive. According to Blanas  
et al,10 enucleation of KCOT followed with an applica-
tion of Carnoy’s solution appears to be the least invasive 
procedure with the lowest recurrence rate. They reported 
that adding Carnoy’s solution to the cyst cavity for  
5 minutes after enucleation results in a recurrence rate 
comparable to that of resection without unnecessary 
aggressive surgery.10

This was also supported by Gosau et al11 who stated 
that enucleation combined with the application of  
Carnoy’s solution reduced the recurrence rate compared 
with simple enucleation. The purpose of using Carnoy’s 
solution is to provide a total elimination of epithelial 
remnants, which may cause recurrences.12

Care has to be taken while applying the solution to 
the tissue. First sterile gauze is placed, then gauze soaked 
in Carnoy’s solution is placed in the pathological cavity 
for 5 minutes taking care to prevent any damage to the 
surrounding soft tissues. Irrigation with saline has to be 
performed after the removal of gauze.

The possible complications resulting from the use 
of Carnoy’s solution include infection, dehiscence, bone 
sequestrum formation, and neuropathy.12 In contrast, 
another important study reported that when a proper 
protocol is followed, the chemical treatment of the 
nerve can be achieved without permanent functional 
damage.13,14

Resection was earlier preferred, but it is associated 
with anatomic and functional morbidity. The advantage 
of Carnoy’s solution and peripheral ostectomy is that it 
eliminates epithelial remnants and satellite cysts.15

These adjuncts, when used with enucleation, consid-
erably decrease the recurrence rates.16 We recommend 
treating the bone defect around the cyst with Carnoy’s 
solution and excising the overlying attached mucosa 
when cortices are perforated. In our study, no recurrence 
has been encountered till date using enucleation with 
peripheral ostectomy and application of Carnoy’s solution 
as a primary modality of choice.

Figs 2A and B: (A) Radiographic appearance of lesion; and (B) postoperative 2 years

A B
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CONCLUSION

The unilocular radiolucency of the jaws, such as UA and 
KCOT has a strong propensity for recurrences. Although 
resection of such lesions remains the gold standard, it 
also leads to a lifelong deformity associated with psy-
chological effects, and irrespective of the reconstruction 
modality used, it is impossible to reconstruct the parabola 
architecture of the mandible.

On the contrary, enucleation and peripheral ostectomy 
with chemical cauterization helps to preserve the bone 
architecture along with maintaining the facial contour. 
Keeping in mind the possibility of a recurrence with 
enucleation and peripheral ostectomy with chemical 
cauterization, resection can always be reserved for a later 
date, if at all the need arises.

The use of a surgical obturator to obliterate the patho-
logical defect allows direct observation of the healing 
process and also imparts strength to the weakened 
jaw. A minimum of 3 years follow-up is advised before 
these cases can be taken up for prosthetic rehabilitation 
even with the help of implants. Timely intervention and 
conservative surgical treatment followed by peripheral 
ostectomy and Carnoy’s solution application improves 
outcome and other potential complications of surgery 
since this technique shows comparable results to other 
more aggressive techniques.

To conclude, we recommend it as treatment of choice 
for lesions, such as UA and KCOT as compared with 
surgical resection.
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Antimicrobial activity of root canal irrigants against 
biofilm forming pathogens- An in vitro study
Sheetal Basavraj Ghivari, Haimanti Bhattacharya1, Kishore G. Bhat2,3, Madhu A. Pujar4
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A b s t r a c t

Aims: The aim of the study was to check the antimicrobial activity of the 5% Sodium hypochlorite, 2% Chlorhexidine, 0.10% 
Octenidine (OCT), and 2% Silver Zeolite (SZ) at different time intervals against a single species biofilm of Enterococcus 
faecalis, Staphylococcus aureus, and Candida albicans model prepared on a nitrocellulose membrane.

Settings and Design: In vitro nitrocellulose biofilm model was used to check antibacterial efficacy of root canal irrigants.

Materials and Methods: The in vitro nitrocellulose biofilm model was used to check the antibacterial activity of root canal 
irrigants. Single species biofilms were suspended into 96‑well microtiter plate and treated with root canal irrigants for 1, 5, 
10, 15, 30, and 60 s, respectively. The remaining microbial load in the form of colony‑forming unit/ml after antimicrobial 
treatment was tabulated and data were statistically analyzed.

Statistical Analysis:   SPSS version 17, Kruskal–Wallis ANOVA, Mann–Whitney U‑test, and Wilcoxon matched pair test (P < 0.05) 
were used.

Results: All tested microorganisms were eliminated within 30 s by all the antimicrobial substances tested except normal saline. 
2% chlorhexidine and 0.10% OCT were equally effective against C. albicans at 30 s.

Conclusion: The newly tested irrigants have shown considerable antibacterial activity against selected single species biofilm. 
OCT (0.10%) can be used as an alternative endodontic irrigant.

Keywords: Candida albicans; contact test; Enterococcus faecalis; root canal irrigant; Staphylococcus aureus; single species 
biofilm

INTRODUCTION

Biofilm-forming microorganisms such as Enterococcus 
faecalis, Streptococcus mutans, and Candida albicans are the 
primary etiological agents responsible for the development 
of necrotic pulp, periapical pathosis, and post treatment 
disease following the root canal treatment.[1] They usually 
produce an exopolymeric matrix which is attached to the 
surface and commonly known as a sessile biofilm.[2] The 

increasing resistance of biofilm-forming bacteria against 
different antimicrobial compounds is a matter of concern.[3] 
As these microorganisms responsible for biofilm-associated 
periapical infection cannot be eliminated by host defense 
mechanism, it is necessary to treat them by chemical 
and mechanical debridement procedures which include 
irrigation of root canal with chemical agents.[4]

Sodium hypochlorite (NaOCl, 5.25%) and 
chlorhexidine (CHX, 2%) are the most studied root canal 
irrigants in endodontics.[3] CHX in liquid form (0.2%–2%) and 
NaOCl (0.5%–5.25%) were found to be the most effective 
irrigants against Gram-positive and negative oral pathogens 
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including yeasts.[5] Siqueira et al. and Ayhan et al. found that 
higher concentration of NaOCl (5.25%) was more effective 
than CHX (1%–2%) in irradicating E. faecalis.[6,7]

Octenidine hydrochloride (OCT 0.10%) is another 
bispyridine derivative mouth rinse which was found to 
have profound effect in removal of plaque and prevention 
of gingivitis development. OCT has also been suggested 
as an alternative endodontic irrigant due to its low 
cytotoxicity and better-sustained effect against the 
bacterial adhesive capacity in comparison to CHX.[8] An 
in vitro study has proved that octenidine hydrochloride was 
superior to NaOCl against E. faecalis, thereby revealing a 
good bactericidal property.[9]

Silver zeolites (SZ) are mostly microporous, crystalline 
solids with well-defined structures containing aluminum, 
silicon, and oxygen in their regular framework. SZ (2%) 
added to mineral trioxide aggregate (MTA) enhances the 
antimicrobial activity of MTA which is used as a repair 
material.[10] However, the antibacterial efficacy of SZ (2%) as 
a root canal irrigant has not been reported.

The biofilm-forming microorganisms grow slowly in their 
exopolymeric matrix as compared to planktonic cells; as a 
result, they are more resistant to antimicrobial agents.[8] Few 
studies have evaluated the efficacy of endodontic irrigants 
against microorganisms grown in biofilm.[1,3,4] The present 
study was undertaken to compare the antibacterial 
efficacy of contemporary irrigants currently used in root 
canal treatment on a bacterial biofilm model at different 
time intervals to simulate the intraoral conditions. The 
hypothesis of the study was that antimicrobial activity 
of various irrigants on biofilm-forming microorganisms 
depends on the contact time.

MATERIALS AND METHODS

Test solutions
The root canal irrigants used in the study were obtained 
from Vishal Dentocare private limited, Ahmedabad, 
Gujarat, India (5.25% NaOCl), Xenon Biomed, Kolkata, 
India (2% CHX), Mahesh pharmaceutical’s, Gujarat, 
India (0.10% OCT), Sigma-Aldrich, St. Louis, USA (2% SZ), 
and Mark Biosciences, Goa, India (0.9% normal saline [NS]).

Microbial strains
The standard microbial strains of E. faecalis (ATCC 29212), 
Staphylococcus aureus (ATCC 25923), and C. albicans (ATCC 
3736) were obtained from microbial type culture collection, 
Institute of Microbial Technology, Chandigarh, India.

Preparation of biofilm
The strains of E. faecalis (ATCC 29212) and 
S. aureus (ATCC 25923) were subcultured in brain heart 

infusion (BHI) agar (HiMedia Laboratories® Mumbai, 
India) aerobically in the incubator at 37°C for 24 h and 
C. albicans (ATCC 10231D-5) were subcultured in BHI agar 
aerobically at 37°C for 48–72 h. Fifteen microcentrifuge 
tubes (Eppendorf, India) were taken in three sets 
(each set containing five tubes). One milliliter of BHI broth 
was suspended into each tube. Single colony of E. faecalis 
was taken from the pure culture and inoculated into first 
five tubes containing BHI broth. Similar way S. aureus 
and C. albicans were also inoculated in the remaining ten 
tubes. The suspension was then adjusted to 0.5 McFarland 
standards. Five pieces of cellulose nitrate membrane 
(0.2 lm pore size, 13 mm diameter – Whatman International 
Ltd., Maidstone, UK) were then kept inside each tube. 
All the 15 tubes were kept in an incubator (Labotech 
Bacteriological Incubator, B.D Instrumentation, India) at 
37°C for 3 weeks (Sena et al.). The media were discarded, 
and the membranes were supplemented with fresh media 
at least twice a week to prevent contamination. The 
development of single species biofilm of E. faecalis, S. aureus, 
and C. albicans was observed under inverted microscope, 
and Gram-staining was done to check microbial viability.

Contact test
Five wells in a 96-welled microtiter plate (Nest, biotech co 
limited) were filled with 200 µl of 5.25% NaOCl. Similarly, 
200 µl of 2% CHX, 0.10% OCT, and 2% SZ and NS were 
added to the respective wells. The membranes containing 
E. faecalis biofilm were placed aseptically in 96 well 
microtiter plate (each membrane in 25 wells). The plate 
was vertically divided into five sections and incubated at 
five different time intervals (1 s, 5 s, 10 s, 30 s, and 60 s) to 
check the action of each reagent.[9]

Five sets of 25 microcentrifuge tubes were taken, in which 
BHI broth and neutralizers (sodium thiosulphate and Tween 
80) were added. The membranes after treating with root 
canal irrigants were transferred to microcentrifuge tubes 
containing broth and neutralizer according to the different 
time intervals. The tubes were vortexed, 10 µl of the broth 
was inoculated on the BHI agar plate which is incubated 
at 37°C for 24 h, and colonies were counted. The turbidity 
was checked spectrophotometrically at 492 nm wavelength 
by transferring 200 µl broth in the microtiter plate. The 
same procedure was repeated for single species biofilm of 
S. aureus and C. albicans.

RESULTS

Effect of each test reagent on biofilm was evaluated by 
calculating the percentage kill of viable bacteria. The 
action of irrigants at different time interval was analyzed by 
Kruskal–Wallis ANOVA, keeping time period as fixed factor 
while percentage kill as a dependent variable. Intergroup 
pair-wise comparison was done using Mann–Whitney 
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U-test and Wilcoxon matched pair test when necessary at 
significance level of P < 0.05.

The above table shows antibacterial activity of test 
reagents against viable bacteria and fungi at different 
time intervals. Kruskal–Wallis ANOVA results revealed a 
significant relationship between test agent and percentage 
of bactericidal and fungicidal activity (P < 0.05). The results 
demonstrated that there was a significant difference in the 
percentage of bactericidal activity of E. faecalis, S. aureus, 
and C. albicans among the tested solutions [Table 1] 
at different intervals. All tested microorganisms were 
eliminated within 30 s by all the antimicrobial substances 
tested except NS. NaOCl (5.25%) was found to eliminate 
100% of E. faecalis and S. aureus microorganisms in 10 s, 
but it has shown action against C. albicans at 60 s (100% kill 
of microorganism). CHX (2%) has shown 100% bactericidal 
activity against E. faecalis, S. aureus, and C. albicans at 
1 s. No statistically significant difference existed between 
CHX (2%) and NaOCl (5.25%) to eliminate E. faecalis and 
S. aureus. CHX (2%) was found to be more effective against 
C. albicans at all the given intervals of time as compared 
to NaOCl (5.25%), OCT (0.10%), and SZ (2%). OCT (0.10%) 
eliminated 93.8% E. faecalis biofilm and 91.7% of S. aureus 
biofilm at 30 s interval whereas 100% C. albicans biofilm 
was eliminated at 10 s. CHX (2%) has killed more number 
of E. faecalis as compared to OCT (0.10%), but statistically 
significant difference exists at 5 s and 60 s interval. 2% CHX 
and 0.10% OCT are equally effective at 30 s interval against 
C. albicans. SZ (2%) showed least antibacterial and antifungal 
activity. Statistically significant difference existed between 

SZ (2%) and NaOCl (5.25%), CHX (2%), and OCT (0.10%) at 
all given interval of the time. However, it was statistically 
different from control group saline (P < 0.05).

DISCUSSION

Infections in the root canals are of polymicrobial nature and 
microorganisms such as E. faecalis, Streptococcus mutans, 
and C. albicans were generally detected in such cases.[9] 
Bacterial elimination from the root canal is usually achieved 
by means of the mechanical action of the instruments along 
with flushing and antibacterial activity of irrigants.

The use of planktonic culture to study the antimicrobial 
efficacy of endodontic irrigants was observed in various 
studies.[10,11] The cells grown in the biofilm culture show 
uneven development among all species of microorganisms 
as compared to cells grown in planktonic cultures. 
Bacterial cells in biofilm adhere to dentinal wall with their 
exopolymeric matrix which is difficult to remove by root 
canal irrigants.[12] Therefore, to mimic in vivo conditions 
as closely as possible, the biofilm model was used in the 
present study.[5]

The microorganisms selected in our study were found to be 
the most common pathogens in the oral cavity that forms 
single species biofilms. The basic methodologies applied in 
the present study were similar to the work of Sena et al. with 
little modification. The liquid cultures used to inoculate 
nitrocellulose membrane were adjusted to standard optical 
density and resuspended in fresh medium.[1] The contact 

Table 1: Comparison of mean, standard deviation and mean rank of five test reagents with respect to colony‑forming 
unit of Enterococcus faecalis, Staphylococcus aureus, and Candida albicans at different time intervals by Kruskal–Wallis 
ANOVA
Organism Chemical 

irrigants
Time

1 s 5 s 10 s 30 s 60 s

Mean SD Mean rank Mean SD Mean rank Mean SD Mean rank Mean SD Mean rank Mean SD Mean rank

Enterococcus 
faecalis

NaOCl 0.00 0.00 8.00 0.00 0.00 5.00 0.20 0.45 2.00 1.00 1.41 5.00 0.00 0.00 5.00
CHX 0.00 0.00 6.00 0.20 0.45 8.00 0.20 0.45 4.00 0.80 1.79 3.00 1.00 1.00 4.00
OCT 2.40 1.34 13.00 1.60 0.89 13.00 1.40 0.89 13.00 0.20 0.45 8.00 0.20 0.45 9.10
SZ 74.60 4.77 18.00 61.60 4.77 18.00 58.60 7.40 18.00 71.80 13.81 15.00 50.60 17.74 18.00
NS 120.0 6.12 23.00 130.0 7.91 23.00 84.00 8.22 23.00 91.20 6.18 23.00 88.60 4.98 23.00
H 22.0110 20.4980 21.320 17.1170 19.2360
P 0.00001* 0.00001* 0.00001* 0.0020* 0.0010*

Staphylococcus 
aureus

NaOCl 0.00 0.00 5.50 0.00 0.00 6.00 0.20 0.45 2.00 1.00 1.41 3.00 0.00 0.00 3.20
CHX 0.00 0.00 5.50 0.20 0.45 5.00 0.20 0.45 8.00 0.80 1.79 9.10 1.00 1.00 8.10
OCT 2.40 1.34 13.00 1.60 0.89 13.00 1.40 0.89 13.00 0.20 0.45 11.90 0.20 0.45 12.70
SZ 74.60 4.77 18.00 61.60 4.77 18.00 58.60 7.40 18.00 71.80 13.81 20.50 50.60 17.74 19.00
NS 120.0 6.12 23.00 130.0 7.91 23.00 84.00 8.22 23.00 91.20 6.18 20.50 88.60 4.98 22.00
H 23.4470 22.1480 21.3130 19.7390 21.4100
P 0.00001* 0.00001* 0.00001* 0.0010 0.00001*

Candida 
albicans

NaOCl 0.00 0.00 13.00 0.00 0.00 13.00 0.00 0.00 13.00 0.00 0.00 13.00 0.20 0.45 12.50
CHX 0.40 0.89 5.90 0.00 0.00 8.00 1.00 1.22 3.00 0.00 0.00 9.40 0.20 0.45 8.50
OCT 0.00 0.00 5.10 0.80 1.10 5.00 0.00 0.00 3.00 0.00 0.00 5.60 2.40 1.67 7.00
SZ 50.40 16.5 18.00 1.00 1.73 18.00 0.60 0.89 18.00 0.40 0.89 18.00 2.60 2.79 18.00
NS 72.40 5.13 23.00 75.80 7.16 23.00 10.58 16.63 23.00 76.00 11.40 23.00 83.20 10.06 23.00
H 21.9750 17.6340 17.9170 21.0560 16.8350
P 0.00001* 0.0010* 0.0010* 0.00001* 0.0020*

NaOCl: Sodium hypochlorite, CHX: Chlorhexidine, OCT: Octenidine, SZ: Silver zeolite, NS: Normal saline, SD: Standard deviation
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time between biofilm and irrigant in our experiment was 
typically 1 min (as opposed to 15 or 60 min) to allow a 
comparison to be made to in vivo conditions. Although 
the pore sizes of filter membranes (0.2–0.45 µm) used in 
the study were unlikely to affect the results, as these pore 
diameters will neither limit the diffusion of nutrients and 
penetration of irrigant nor movement of bacteria from the 
agar to biofilm.[3]

The results of the present study indicated that the data 
were nonparametric due to high standard deviation in the 
contact test and number of colony-forming unit. Thus, 
rank transformation was indicated in present tables. 
NaOCl (5.25%) showed bactericidal effect against E. faecalis, 
S. aureus, and C. albicans biofilm with an antibacterial 
efficacy against E. faecalis at 10 s and C. albicans at 60 s. It 
was earlier reported that 5.25% NaOCl exerts antimicrobial 
action within 30 s on E. faecalis grown in planktonic 
suspension and biofilm model.[13] NaOCl (5.25%) with 
or without mechanical agitation eliminated E. faecalis 
in 30 s.[1] According to Yap et al., NaOCl (0.9%) is highly 
effective against E. faecalis grown alone and as a part of 
multispecies biofilm consisting of Fusobacterium nucleatum 
and Streptococcus sanguinis.[14]

The bactericidal effect of CHX (2%) on E. faecalis, S. aureus, 
and C. albicans biofilm was found in 1 s. No significant 
difference was observed between antibacterial activity 
of CHX (2%) and NaOCl (5.25%) on all the species of 
biofilm-forming organisms. According to Sena et al., 
CHX (2%) in liquid formulation with mechanical agitation 
has eliminated all the microorganisms in 30 s and without 
mechanical agitation in 60 min.[1] Vianna et al. evaluated 
the contact time required for CHX and NaOCl to produce a 
negative culture where CHX (2%) eliminated all anaerobic 
microorganisms in 15 s. The action of CHX (2%) in biofilm 
dissolution by direct contact test is lower than NaOCl on 
the dentin block model. The reason for different result 
could be attributed to different study designs.[15] A recent 
study stated that atmospheric pressure of nonequilibrium 
plasma treatment (5 min) and CHX (2%) were found to 
be equally effective in inactivating E. faecalis grown in 
biofilm.[16]

OCT (0.10%) exerted its antimicrobial activity against 
E. faecalis and S. aureus at 30 s and C. albicans at 10 s. 
OCT (0.10%) showed equally good results as CHX (2%) against 
C. albicans but its bactericidal activity against E. faecalis and 
S. aureus was less as compared to NaOCl (5.25%). The results 
of the present study were not in accordance with Tirali 
et al. where it was found that OCT dihydrochloride was as 
effective as NaOCl on E. faecalis and C. albicans. This variable 
results could be due to the agar diffusion test model which 
had been used in the study.[8] The antibacterial activity of 
OCT (0.10%) is attributed to its action on binding to cell 
wall and membranes causing cell lysis.[17]

The antimicrobial activity of SZ (2%) was found to be less 
effective in comparison to NaOCl, CHX, and OCT against 
all the tested microorganisms. The bactericidal action 
of SZ (2% SZ) could be attributed to either the release of 
silver from zeolite or the reactivation of oxygen generated 
from silver in the matrix.[18] SZ is an aluminum silicate 
crystalline structure present in the void spaces within the 
frame work of 3–10 angstroms that are capable of hosting 
cations, water, or organic molecules. According to Odabas 
et al., mineral trioxide aggregate (MTA) with 2% and 0.2% 
SZ showed inhibitory effects on some microorganisms at 
all time periods, whereas no antimicrobial activity was 
observed for Prevotella intermedia and Actinomyces israelii. 
MTA without SZ was found to be inhibiting C. albicans, 
Escherichia coli, and P. intermedia.[10] The reason for reduced 
antibacterial activity of SZ could be due to the presence of 
certain organic substances in the biofilm model.[18] In the 
present study, SZ is used as an irrigant which disrupts the 
frame of set matrix which is dissolved in aqueous solution 
reducing its antibacterial efficacy.

Within the limitation of this in vitro study, OCT (0.10%) has 
shown antimicrobial activity equivalent to 2% CHX against 
biofilm of C. albicans at 10 s. SZ (2%) used in the study 
against biofilm of E. faecalis, S. aureus, and C. albicans was 
proved to be least effective. Taking in an account of different 
methodological procedures, different forms of antimicrobial 
agents, use of mechanical agitation, and different 
presentation of microorganisms were the modulating 
factors that could affect the accurate comparison of 
inherent antibacterial activity. Future research using other 
species and multispecies biofilm grown in complex root 
canal system under strictly controlled clinical conditions 
should be carried out to support these findings.

CONCLUSION

The results of the present study demonstrated that NaOCl 
(5.25%) is the most effective endodontic irrigant against 
biofilm forming microorganisms. CHX (2%) and OCT (0.10%) 
are equally effective against C.albicans at 30 seconds time 
interval. However, SZ (2%) showed least antibacterial 
activity against all tested microorganisms. Results of the 
present study indicated that OCT (0.10%) solution can also 
be used as an endodontic irrigant.
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Comparative Evaluation of the Antibacterial 
Efficacy of two different Formulations 
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Medicaments against Enterococcus 
faecalis: An In vitro study

IntrOductIOn
The endodontic microbiota is polymicrobial in nature [1-5]. E. faecalis 
is the main aetiology behind persistent periradicular lesions [6-8].

Calcium Hydroxide [Ca(OH)2], the most commonly used medicament 
is ineffective against E. faecalis. To enhance the antimicrobial 
properties of Ca(OH)2 several materials have been added to it 
[9,10].

OCT and imipenem are potent antimicrobial agents, able to reduce 
amounts of E. faecalis found in the root canals [11-14]. Gaetti-Jardim 
Júnior E et al., found that imipenem is the most effective beta-lactam 
antibiotic against the microbes isolated from endodontic infections 
[15]. Also, results of the study by Gaetti-Jardim EC et al., presented 
that the most active antimicrobial drugs for oral infections were the 
carbapenems (imipenem and meropenem). The resistance to these 
beta-lactam antibiotics was restricted to 1.6%-2.3% of the isolates 
obtained from the oral cavity. They also concluded that Enterococci 
were susceptible to carbapenems [14]. However, their use for 
treating endodontic infections is not documented.

Thus, this in vitro study was performed to evaluate the antibacterial 
efficacy of Ca(OH)2 mixed with imipenem and OCT against E. 
faecalis and compare it to that of Ca(OH)2 with saline using dentin 
block model.

MAterIAls And MethOds
This study was an in-vitro study carried out at KLE VK Institute 
of Dental Sciences in collaboration with KLEs Dr. Prabhakar Kore 
Hospital and Research Centre, KLE University, Belagavi, Karnataka. 
The project was cleared by the Institutional Ethical Committee board 
of KLE University. The modified Haapasalo and Orstavik model 
was used for this study, similar to the one used by Krithikadatta 
J et al [16]. The extracted human mandibular first premolar teeth 
(n=125) were decoronated 5 mm below cemento-enamel junction 
(CEJ) using rotary diamond disk (DENTSPLY Tulsa, USA). Roots 
were sectioned to obtain 6 mm of middle third portion. Cementum 
was removed using cylindrical diamond bur (Mani Inc., Japan) and 
external diameter was standardized at 4 mm. Internal diameter of 
0.9 mm was standardized using GG Drill No. 3 (Mani Inc., Japan) 
with a slow speed contra-angle hand piece (NSK, Tokyo, Japan) 
[Table/Fig-1,2]. The inorganic and organic debris were removed 
by treating the blocks with 17% Ethylene Diamine Tetraacetic Acid 
(EDTA) (Ammdent, India) for five minutes, followed by 3% sodium 
hypochlorite (NaOCl) (Vishal Dentocare, Gujarat, India) for five 
minutes. Dentin blocks were dipped in distilled water (Universal 
Biochemicals, India) for five minutes followed by sterilization in an 
autoclave (Confident, Bengaluru, India) at 121ºC for 15 minutes 
[16,17].
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ABstrAct
Introduction: Complete disinfection of the root canal system 
is necessary to ensure the success of the root canal treatment. 
Calcium hydroxide alone has shown to be ineffective against 
persistent intracanal infections. Studies have shown that 
addition of newer antimicrobial agents to calcium hydroxide has 
a synergistic effect on its antibacterial properties. 

Aim: To evaluate the disinfection of dentinal tubules using 
calcium hydroxide with imipenem and calcium hydroxide 
with octenidine Hydrochloride (OCT) as compared to calcium 
hydroxide alone against Enterococcus faecalis (E.faecalis).

Materials and Methods: The antimicrobial efficacy of the 
medicaments against E. faecalis was assessed in vitro, using a 
dentinal tubule model at a depth of 400 μm in extracted single 
rooted permanent human mandibular premolar teeth. The 
dentin blocks (n=125) were contaminated with E. faecalis for 21 
days. At the end of 21 days, five blocks were selected randomly 
and depth of penetration of microorganisms was checked using 
Scanning Electron Microscopy (SEM). The blocks (n=120) were 

irrigated using saline and randomly divided in three groups 
(n=40) depending on the medicament placed in the canals 
Group I (control)- Calcium Hydroxide {Ca(OH)2} +Saline, Group 
II-Ca(OH)2+imipenem, Group III- Ca(OH)2+OCT. Twenty blocks 
were taken from each group on 2nd and 7th day respectively. 
Medicament was removed. Dentin debris were harvested at a 
depth of 400 μm and at the end of 24 hours, optical density was 
evaluated using ELISA reader at 620 nm. Statistical analysis 
was carried out using Analysis of variance (ANOVA) and Tukey’s 
multiple post hoc test. 

results: All the three experimental groups of medicaments 
exhibited antibacterial efficacy against E. faecalis on day 2 and 
day 7. However, when mean optical density was compared, the 
antibacterial efficacy of Group II on 7th day was significantly higher 
than Group I on 2nd day and 7th day and Group III on 2nd day.

conclusion: All the tested medicaments in this study exhibited 
antibacterial activity against E. faecalis on day 2 and day 7 
but the most potent medicament against E. faecalis was the 
combination of Ca(OH)2 mixed with imipenem for 7 days.
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In Group II and III, standard minimum inhibitory concentration of 
6.25 μg/ml and 15.625 μg/ml for imipenem (Lupinem, Hetero Lab, 
Solan, India) and OCT (Dishman Pharmaceuticals and chemicals 
Ltd, Ahmedabad, India) respectively, determined by the Broth 
dilution method were prepared in 1 ml sterile normal saline and 
mixed with 150 mg of Ca(OH)2 respectively.

After medicament placement, the blocks were sealed below and 
above using paraffin wax (Vishal Dentocare, Gujarat) followed by 
incubation in an aerobic environment, at 37ºC [Table/Fig-5]. On 2nd 
and 7th day, twenty blocks were randomly selected from each group 
respectively and medicament was removed by irrigation with 5 ml 
of sterile saline [Table/Fig-6]. Next, dentin debris were harvested 
at a depth of 400 μm by using GG drill No. 5 [Table/Fig-7] and 
collected in 1 ml of sterile broth followed by incubation in aerobic 
environment at 37ºC for 24 hours [Table/Fig-8]. After the incubation 
period, the contents of each microcentrifuge tube were assessed 
by measuring the optical density on a 96 well microtitreplate using 
the ELISA READER (Rapid Diagnostics, Delhi, India), at 620 nm 
[Table/Fig-9,10].

24 hour colonies of pure culture of E. faecalis (ATCC 35550, 
IMTECH, Chandigarh, India) grown on Brain Heart infusion (BHI) 
(Himedia, Mumbai, India) agar were suspended in 5 ml of BHI 
broth and incubated for 24 hours at 37ºC in a bacteriological 
incubator (Labotech, BD instruments, Ambala, India). The culture 
suspensions were adjusted to match the turbidity equivalent of a 0.5 
McFarland standard. The sterile dentin blocks were then transferred 
aseptically into individual microcentrifuge tubes (Tarsons, Kolkata, 
India). Containing 1 ml of BHI broth. About 50 μl of bacterial culture 
suspensions was added to each of these tubes and incubated 
at 37°C for 48 hours. The dentin blocks were then transferred to 
a fresh broth containing bacterial culture, every 2nd day upto 21st 
day [Table/Fig-3] [18]. All of these procedures were performed in 
a Vertical laminar airflow (Questt international, Bengaluru, India) to 
maintain aseptic conditions. The purity of the culture was confirmed 
by subculturing 5 μl of the broth from the incubated blocks in 
the respective broths, on agar plates. Five blocks were selected 
randomly and were used for checking the depth of penetration of 
microorganisms using Scanning Electron Microscopy (SEM) (FEI 
QUANTA 200, Hillsboro, USA) [Table/Fig-4] [19]. 

[table/Fig-1]: Schematic view of prepared specimens.
[table/Fig-2]: Prepared dentin specimens (n=125). (Images from left to right)

[table/Fig-3]: Infected blocks after 21 days.

After the incubation period, the infected dentin blocks were irrigated 
using 5 ml of sterile saline (Baxter India Limited, Bengaluru, India), to 
remove the incubation broth. Two layers of nail varnish was applied 
to the outer surface of each specimen to prevent the contact of 
medicament with the external surface.

The dentin blocks were then randomly assigned to the following 
three groups (n=40) depending on the intracanal medicament 
placed inside the canal:

In Group I, the Ca(OH)2 powder (Vishal Dentocare, Gujarat, India) was 
mixed with sterile normal saline in the ratio of 1.5:1 wt/vol i.e.150 mg of 
Ca(OH)2 powder was mixed with 1 ml of sterile normal saline [17].

stAtIstIcAl AnAlYsIs
Two way analysis of variance (ANOVA) was used to analyze the 
differences among the groups. The Tukey’s multiple post hoc 
test was then used to compare individual groups, separately for 
the different intervals of time. The p value <0.05 was considered 
statistically significant.

results
All the three medicaments used in this study exerted antimicrobial 
activity at the two tested time intervals. 

At day 2, a difference was observed in the optical density values 
between three Groups (I, II, III) (F=2.2126, p=0.1187) at 5% level of 
significance. However, the difference was not statistically significant 
[Table/Fig-11]. It implies that, the antibacterial activity at the end 
of day 2 was similar. Further, pairwise comparisons were done by 
using Tukey’s multiple post hoc test. It revealed that all the three 

[table/Fig-9]: BHI broth containing dentin debris pipetted to 96 well microtitre 
plate.
[table/Fig-10]: 96 well microtitre plate containing BHI broth with dentin debris 
placed in the Spectrophotometer - ELISA reader. (Images from left to right)

[table/Fig-7]: Harvesting of dentin debris using GG drill no 5.
[table/Fig-8]: Dentin debris collected in 1 ml of sterile BH broth. (Images from left 
to right)

[table/Fig-5]: Blocks sealed above and below with paraffin wax.
[table/Fig-6]: Removal of the medicament from the block on 2nd and 7th day. (Im-
ages from left to right)

[table/Fig-4]: SEM images showing dentinal tubules infected with E.faecalis.
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experimental groups exhibited antibacterial activity on the 2nd day 
but group II (Mean Optical Density (OD)= 0.2995) exhibited better 
antibacterial activity than Group I (Mean OD=0.3795) and III (Mean 
OD=0.3380). Also, the antibacterial efficacy of Group III was seen to 
be better than Group I on day 2 [Table/Fig-12].

and more effective than 2% CHX against E. faecalis both at 200 
μm and 400 μm [24,25]. Hence, it was chosen as one of the test 
materials in this study. 

Imipenem is a beta-lactam carbapenem and has an extremely 
broad spectrum of activity. This is used in the medical field for the 
treatment of E. faecalis infection in severe acute pancreatitis and 
urinary tract infections. Because of its efficacy against E. faecalis, 
imipenem was chosen as another test drug in this study [26].

The model suggested by Haapasalo M and Orstavik D [18] was 
altered for the present study. In this study, extracted human teeth 
were used instead of the bovine incisors [16]. This adjustment was 
done because of the pronounced variation in the canal diameter 
of bovine and human teeth. Moreover, it is evident that studies 
with human dentin blocks would be more appropriate to simulate 
the clinical situation [17]. Also, cementum was expelled from the 
samples because the presence of the cementum influenced the 
capacity of E. faecalis to contaminate the dentinal tubules. In the 
present study, before the application of the medicament, two coats 
of nail varnish were applied on the outer surface of the blocks to 
close the tubule openings thereby, preventing diffusion of intracanal 
medicament [18].

Many previous studies undertaken using Haapasalo M and Orstavik 
D model [18] had incubated dentinal blocks for three weeks [27,28]. 
This is so because three weeks incubation period was sufficient for 
the formation of clumps of bacteria bounded by a carbohydrate 
matrix, which was a feature normally found in ‘biofilm’ [29-32]. 
Hence, in this study bacterial incubation was done for 21 days. 

Calcium hydroxide requires a minimum of seven days as an 
intracanal dressing. Also, the effective antimicrobial action of the 
tested intracanal medicaments decreases after 48 hours [33]. 
Hence, this explains the reason why antibacterial activity of calcium 
hydroxide and other experimental medicaments was evaluated at 
the end of day 2 and day 7 [34].

The methodology used in this study for evaluation of the antibacterial 
activity was a modification of the one previously described by 
Haapasalo M and Orstavik D where they used counts of colony 
forming units [16,18]. However, in this study optical density of the 
broth, proportional to the number of viable bacteria present in the 
dentin debris was measured using the ELISA-reader which is a 
more accurate method [35,36]. 

In the present study, it was seen that Group I exhibited the least 
antibacterial efficacy against E. faecalis at the end of day 2 and day 
7. The reason for this limited antibacterial effect of calcium hydroxide 
on E. faecalis could be attributed to the dentin buffering effect. In 
order to have antibacterial effect within dentinal tubules, the ionic 
diffusion of Ca(OH)2 should surpass the dentin buffer capacity, 
reaching pH levels sufficient enough to destroy bacterial strains 
particularly E. faecalis which can survive a high pH of 11.5 [37]. 
Another factor is the arrangement of the E. faecalis colonizing the 
root canal walls. This can reduce the antibacterial effects of calcium 
hydroxide, since the cells situated at the periphery of colonies can 
shield those present at a much deeper level inside the tubules [27]. 
Furthermore, as E. faecalis forms biofilm on the root dentin, they 
exhibit the ability to calcify, which may facilitate its stability [37].

It was seen that there was difference in the optical density among 
the three experimental groups on day 2. This indicates that all the 
three groups exhibited antibacterial activity on the 2nd day however, 
Group II exhibited highest antibacterial activity compared to Group 
I and Group III. This can be attributed to the wide spectrum of 
antibacterial activity of imipenem and its strong susceptibility to E. 
faecalis even at very small concentrations.

In addition, the antibacterial efficacy of Group III was seen to be 
better than Group I on day 2. This could be attributed to broad 
spectrum activity and a different class of chemicals of octenidine that 
is bispyridinamines which displays unique properties not common 

Groups with 
subgroups

Group i 
day 2

Group i 
day 7

Group ii 
day 2

Group ii 
day 7

Group iii 
day 2

Group 
iii 

day 7

Mean 0.3795 0.3884 0.2995 0.2315 0.3380 0.3271

SD 0.0696 0.0959 0.1582 0.1413 0.1161 0.1180

Group I day 2 -

Group I day 7 p=0.9999 -

Group II day 2 p=0.2915 p=0.1867 -

Group II day 7 p=0.0023* p=0.0010* p=0.4745 -

Group III day 2 p=0.8832 p=0.7691 p=0.9128 p=0.0500* -

Group III day 7 p=0.7386 p=0.5905 p=0.9784 p=0.1274 p=0.9998 -

[table/Fig-12]: Pairwise comparison of the optical density values of three groups 
(I, II, III) at two intervals (at the end of day 2 and day 7) by Tukey’s Multiple post hoc 
test.
*p<0.05

Source of variation
Sum of 
squares

Degrees of 
freedom

mean sum 
of squares

F-value p-value

Between groups 0.06 2 0.03

2.2126 0.1187Within groups 0.82 57 0.01

Total 0.89 59

[table/Fig-11]: Comparison of optical density values among the three groups (I, II, 
III) at the end of day 2 by One way ANOVA.

Source of 
variation

Sum of 
squares

Degrees of 
freedom

mean sum 
of squares

F-value p-value

Between groups 0.25 2 0.13

8.7062 0.0005*Within groups 0.82 57 0.01

Total 1.07 59

[table/Fig-13]: Comparison of optical density values of three Groups (I, II, III) at the 
end of day 7 by One way ANOVA.
*p<0.05

At day 7, a highly significant difference was observed in the optical 
density values of three Groups (I, II, III) (F=8.7062, p=0.0005) at 5% 
level of significance. It implies that, the antibacterial activity at the 
end of day 7 was different for three groups [Table/Fig-13]. Further, 
pairwise comparisons were done by using Tukey’s multiple post hoc 
test. It was observed that the antibacterial efficacy of Group II (Mean 
OD=0.2315) was better than group I (Mean OD=0.3884) and Group 
III (Mean OD=0.3271) on 7th day. Also, Group II at the end of day 7 
and Group I at the end of day 2 (p=0.0023), Group II at the end of 
day 7 and Group I at the end of day 7 (p=0.0010) and Group II at 
the end of day 7 and Group III at the end of day 2 (p=0.0500) show 

statistically significant difference in the optical density values at 5% 
level of significance. It implies that, the optical density is significantly 
lower in Group II at the end of day 7 as compared to Group I at the 
end of day 2 and day 7 and Group III at the end of day 2 [Table/
Fig-12]. This reveals that Ca(OH)2 with imipenem was most effective 
against E. faecalis to a depth of 400 μm on 7th day.

dIscussIOn
Amongst microorganisms, E. faecalis is most commonly implicated 
in asymptomatic persistent infections [7]. It has been demonstrated 
that E. faecalis is highly resistant to Ca(OH)2. A combination of two 
medicaments may produce additive or synergistic effects. Therefore, 
different materials have been added to Ca(OH)2 in an attempt to 
enhance its antimicrobial activity against E. faecalis [20-22].

Octenidine is an antiseptic and it is proposed as an alternative 
to Chlorhexidine (CHX) and Ca(OH)2. Studies have shown that 
Octenidine was found to be more effective than 5.25% NaOCl 
against E. faecalis after different intervals in broth dilution test [23] 
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to other cationic antiseptic agents [38,39]. This was in accordance 
with the results obtained by other authors like De Lucena JM et al., 
[12]. To add, Haapasalo M et al., [18] in their clinical trials found that 
Octenidine was able to achieve similar results like CHX against E. 
faecalis. Tandjung L et al., and Sundqvist G et al., in their respective 
studies also found that octenidine acted as a potent antimicrobial 
agent capable of reducing the amount of E. faecalis found in infected 
areas of endodontic therapy [13,40].

The slight decrease in the antibacterial efficacy of calcium hydroxide 
in Group I from 2nd to 7th day could be due to the vehicle used in 
this group which was saline in this case. Saline being a water based 
vehicle diffuses rapidly leading to decreased availability of hydroxyl 
ions responsible for antibacterial activity of calcium hydroxide, 
thereby by lowering its antibacterial activity by 7th day. These results 
were in accordance with those obtained by Vaghela DJ et al., [17]. 
The increased antibacterial activity of Group II and Group III on 
day 7 inspite of the same vehicle used could be attributed to the 
synergistic effect. This leads to enhanced activity that occurs when 
two medicaments are combined together. Similar results were seen 
by Tirali RE et al., in their study where octenidine was mixed with 
calcium hydroxide [41]. Also, De Lucena JM et al., found that when 
octenidine gel was placed for seven days in root canal system, no 
bacterial growth was observed [12].

Antibacterial activity of Group II on 7th day was significantly better 
than Group I and Group III. This revealed that calcium hydroxide with 
imipenem for 7 days proved to be the most effective medicament 
against E. faecalis. This is so because imipenem acts as an effective 
antimicrobial agent by inhibiting cell wall synthesis of various 
Gram-negative and Gram-positive bacteria. It remains very stable 
even in the presence of β-lactamase (both cephalosporinase and 
penicillinase) produced by some bacteria including E. faecalis and 
is a strong inhibitor of β-lactamases from some Gram-negative 
bacteria that offer resistance to most β-lactam antibiotics. Thus, this 
plays an important role in the treatment of infections which are not 
readily treated with other antibiotics [42]. 

These results were in accordance with those obtained by Gaetti-
Jardim EC et al., and Gaetti-Jardim Júnior E et al., who concluded 
that Imipenem is effective against the microbial flora isolated from 
endodontic infections. [14,15]. 

lIMItAtIOn
One limitation of this study is that a single organism was used to infect 
the root canal. Because endodontic infections are polymicrobial, 
interactions between multiple organisms could potentially have 
different dynamics than were demonstrated by this study. The 
intracanal medicament that is effective against single microbe in 
vitro may not necessarily be effective against the same microbe in 
vivo since the root canal system contains multiple microorganisms.

Also in this study, the maximum duration for which medicament was 
left in the canal was for seven days. Further research is warranted 
where medicament should be left for a longer duration to better 
understand their antibacterial action against E. faecalis. However, 
care should be taken with the use of antibiotics to avoid development 
of resistance.

cOnclusIOn
Thus, under the conditions of the present study, it was concluded 
that all the tested medicaments in this study exhibited antibacterial 
activity against E. faecalis on day two and day seven but the 
most potent medicament against E. faecalis is the combination 
of imipenem with Calcium hydroxide for seven days. Combination 
of octenidine hydrochloride with calcium hydroxide offered better 
antibacterial efficacy than calcium hydroxide with sterile saline but 
less than the combination of imipenem with calcium hydroxide at 
both the time intervals i.e. day two and day seven.
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INTRODUCTION
Routine histopathological examination of commonly
encountered periapical infections reveals an array of
inflammatory cells. Amidst the inflammatory infiltrate of
lymphocytes and plasma cells, there exists some bizarre
cells which generally go unnoticed while being important
entities.

In the present case of periapical granuloma, we
observed numerous round to ovoid clusters of cells
which were refractile. An observation on a high-power
view disclosed that these cells not only occurred in
clusters but also appeared like a single cell containing
numerous round inclusions within it. These entities were
Mott cells.  The term Mott cell derives its name from
surgeon, F. W. Mott, who was the first to identify these
cells in the brain of monkeys with trypanosomiasis. He
also coined the term morular cells (Latin morus,
mulberry) for these cells, as these cells occurred in
clusters. Mott cells have been described as Russell body
inclusions that are immunoglobulins stored in the dilated
endoplasmic reticulum of plasma cells. It is suggested

that these inclusions can possibly be due to somatic
hypermutations of immunoglobulin genes. These cells
have been encountered in plasma cell tumors,
lymphomas and some syndromes.1 Observation of such
bizzare cells in a commonly encountered periapical
lesion was not less exciting. We believe that the
occurrence of these cells in periapical lesion is much
more than just a coincidence and therefore, through this
literature, we attempt to accrue the limited evidence
regarding these cells and report their presence in a case
of periapical pathology.

CASE REPORT
A 24-year male presented with a history of discharging
sinus in the maxillary anterior region for 15 days. The
patient gave a history of trauma in the similar region
occurring 10 years back. On intraoral examination, there
was a diffuse swelling associated with teeth 11 and 12.
The swelling was soft to firm in consistency, adherent to
overlying mucosa and was accompanying a draining
sinus. Radiographically, an ovoid radiolucency was seen
in relation to periapex of teeth 11 and 12. Based on
these features, it was provisionally diagnosed as a
periapical cyst. An excisional biopsy was performed and
after routine processing and staining, the sections were
evaluated histopathologically in the Department of Oral
Pathology and Microbiology, KLE VK Institute of Dental
Science, Belgaum, India.

The microscopic analysis revealed dense inflammatory
infiltrate in the connective tissue stroma, composed
predominantly of plasma cells and lymphocytes,
suggesting chronicity of the lesion. Few foamy
macrophages and siderophages were also seen. To
our surprise, at a higher magnification, we observed
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Multiple Mott Cells in Periapical Lesion
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ABSTRACT
An entity of bizarre plasma cells has been observed, containing spherical inclusions of immunoglobulins within the
cytoplasm. These cells are termed as Mott cells and are believed to occur commonly in cases of chronic inflammation.
Until now, they were reported to occur in systemic diseases, various hematolymphoid malignancies and in some
syndromes; but their occurrence in chronic periapical infections of the oral cavity, given the paucity of available literature,
raises questions about their obscure nature. In the present case report, a 24-year male presented with a draining sinus
and periapical lesion involving the maxillary right incisors. After clinical and radiographic examination, an excisional biopsy
sample of the periapical lesion was obtained. Histopathological examination revealed multiple bizarre Mott cells in the
connective tissue stroma.  The significance, nature or fate of these Mott cells is still unknown. Frequently overlooked or a
chance occurrence, the presence of these multiple Mott cells in chronic inflammatory lesions of the oral cavity could be of
some significance and demand increased awareness and further research.
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numerous spherical eosinophillic bodies in the connective
tissue stroma scattered amidst these inflammatory cells.
On close observation, we found them to be clusters and
singly arranged well defined spherical eosinophillic,
refractile cells which appeared like inclusion bodies or a
group of Russel Bodies (Figures 1 and 2).  On shuffling
through limited available literature, we could identify
these bizarre cells as “Mott cells”. These Mott cells were
viewed and counted at higher magnification (40x) and
were found to be present singly or in clusters of 3 to 17
cells or one large cell with numerous inclusions (Figures
1 and 2). Based on the histopathological features and
the absence of a cystic lining, the lesion was diagnosed
as periapical granuloma. It was because of this intriguing
finding of Mott cells, that a case of routinely occurring
periapical pathology became worth reporting.

DISCUSSION
In 1890, the first description of Mott cells was attributed
to William Russell. He reported certain intracellular
inclusions in the peripheral regions of cancers and
claimed these bodies to be fungal in nature and
responsible for carcinogenesis.1 Although, sparse
literature is present describing their synthesis and
pathogenesis, a few authors explain these cells to be
lymphocytes that produce large amounts of immuno-
globulin contained mainly in large vesicles, the so-called
Russell Bodies. When viewed under the microscope,
Mott cells often appear to consist solely of aggregation
of Russell Bodies. These cells are considered to
represent an altered state of plasma cells at the end-
stage of B-lymphocyte development, which have a
distorted endoplasmic reticulum. Therefore, when
plasma cells produce immunoglobulin at a significantly
faster rate then it can be secreted. There will be
accumulation of these immunoglobulins in the lumen of
endoplasmic reticulum, which will form large vesicles to
give rise to the peculiar Mott cell phenotype. Therefore,
it can be assumed that the inability of  endoplasmic
reticulum to degrade the misfolded and unassembled
polypeptides of mutated IgM results in the conception of
these bizarre cells, which because of their relative
stability, are retained in the cell and are not discarded.2

Maldonado et al. proposed the involvement of the
endoplasmic reticulum and a similitude between Russel
Bodies and pancreatic secretory granules. He also
suspected Russel Bodies to be similar to the cells
described by Mott. Even though it has been accepted
that "Mott" cells (or Morula cells) and "Russell" cells are
essentially the same entities, their being is still under
perlustration.  Also, the possibility of these cells to be
intermediate stages of normal secretion is no longer
credible as the Mott cells associated with hybridomas
or the hybridoma cells with Russel Bodies secrete
minimal immunoglobulus or no immunoglobulus at all.3
Therefore, questions regarding the origin and occurrence
of these bizarre Russel Bodies have been raised.

Another school of thought explains their formation to be
associated with a genetic locus-microsatellite marker
(D4Mit70 & D4 Mit 48). Mott-1, in close proximity to the
locus lmh-1, is associated with hypergammaglobulinemia.
Mott cells express B220, CD5, CD43, CD11b.4

Observational studies regarding Mott cell formation
have been done in animals. It has been found that
formation of Russel Bodies is seen in mice and rabbits
as a result of antigenic stimulus, the nature of which is
unexplainable.5 Very recently, Cotter by examination
peripheral blood obtained from poultry, reported Mott
type plasmacytes in them. He associated the presence
of these Mott cells with inefficient immunity and stated
that these cells indicate an anomalous immune
response and are an indicator of stress.6

By far, reports have suggested the presence of Mott
cells in systemic and syndromic conditions such as
reactive plasmacytosis and neoplasms like large B-cell
lymphoma, Burkitts lymphoma, lymphoplasmablastic
lymphoma, multiple myeloma, Wiscott-Aldrich syndrome
and Von-Recklinghausen neurofibromatosis.7 Tazawa
and Tsutsumi in 1998 reported a case which, besides
showing inflammatory cells, also exhibited  polyclonal
Russell Bodies. This was named for the first time as
“Russell body gastritis".8 Also, the presence of a high
number of plasma cells with Russell Bodies in a patient
with Barrett's esophagitis has received an appellation of
Mott cell Barrett's oesophagitis.9

We came across the presence of these multiple bizarre
Mott cells in chronic, localized, periapical lesion of the
oral cavity reported in our department. Although this
entity has been brought to light by Giardino et al. in
pulpitis, but our case is the first to be reported in
periapical lesion in the literature.10 To our astonishment,
the presence of Mott cells was not confined to periapical
infections only. We observed such cells in cases of
osteomyelitis, lichen planus and cases of radicular cyst,
thereafter. Its association with such lesions suggest its
ambiguous relationship to chronicity of these diseases.
This raised more suspicion regarding the unusual
presence of Mott cells in these cases, and further
aroused our interest in it. The available literature
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Figure 1: Photomicrograph showing
arrows pointing towards Mott cells
which are spherical, eosinophillic,
refractile cells present singly or in
clusters in the connective tissue
stroma (H&E, 40X).

Figure 2: Photomicrograph showing
arrow pointing towards mulberry-
like cluster of Mott cells seen in the
connective tissue (H&E, 40X).



explains their nature and pathogenesis but fails to
explain their implication in lesions and the obscure fate.
Whether the presence of these cells is overlooked out of
ignorance or actually their existence holds a relationship
with the genesis of the lesion, are the questions which
still remain unanswered.

In the light of limited literature and meagre evidence,
further research is required to unveil the significance and
nature of these bizarre Mott cells in various lesions of
the oral cavity.
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Abstract

Objective

To evaluate and characterize the mukta, muktashukti, and shankhabhasmasin order to help preventing adulteration.

Methods

All the three bhasmas were subjected to pharmaceutical procedures such as shodhan, bhavana, and maran, Weight gain
and weight loss were measured. Analytical procedures such as pH, ash value, namburi phased spot test, X-ray diffraction
(XRD), scanning electron microscopy, (SEM) and diffuse reflectance spectroscopy (DRS) were carried out. Market samples
of mukta were procured and similar procedures were followed and compared with prepared samples of all three bhasma.

Results

SEM revealed the crystalline nature of all bhasmas. In DRS, the reflectance of light decreased in the order
shankha>muktashukti>mukta and showed good absorbance in ultraviolet light rangingfrom 200 to 350nm. Market samples
1 and 2 had many differences when compared to our prepared samples. XRD graph showed similar lattice and high
crystalline structure for mukta and muktashuktibhasma.

Conclusion

Market samples 1 and 2 showed many differences when compared to the prepared sample. DRS can be applied to
differentiate the sudhavargiyadravyas (calcium containing compounds).

Annals Ayurvedic Med. 2017:6 (3-4)  98-105

Introduction

Ayurvedic drugs and their formulations are prepared by

using plant and marine origins such as mukta (pearl),

muktashukti (pearl oyster), and shankha (conch). Ayurveda

physicians use marine drugs for treating bone structure

disorder, muscular movements, and regulation of

gastrointestinal secretions. Materials of marine origins are

abundantly rich in minerals such as calcium (Ca) and iron

(Fe), and the drugs formulated from marine origins

contributes their bio active products for pharmaceuticals

and cosmetics applications.[1]

Bhasma (ash) is an incinerated metallic or mineral

formulationused in combination with herbal extracts for

the treatment of various diseases such as diabetes and

cancer.[2] Bhasma prepared using materials of marine

origins such as mukta and muktashukti are found to be

effective even in small doses. These are mainly used in

treating netraroga (eye deformities) and asthisosa (bone

disorders).[3] Muktabhasma is prepared using the pearl,

which is rich in calcium and cures diseases caused by pitta

and kapha vitiation and enhances antibiotic efficacy,

stimulates strength, intellect, and semen production.[3, 4]

Bhasma preparation techniques such as shodhana

(purification) and marana (calcination) processes shrink
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the particle size and facilitates for assimilation and

absorption into the body.[2, 5] Mukta is regarded as one

of the navaratnas that can eradicate disorders, especially

calcium deficiency disorders.[6] However, improper

collection, inappropriate manufacturing practices, and

low-grade raw material usage may lead to variation in its

efficacy and reduces safety of muktabhasma.[3]

In current clinical practice, to overcome high cost of

genuine natural pearls, cultured pearls are used in most of

the formulations by many pharmacies. Escalation in

costand increased demand of cultured pearls preparation

(mukta) as medicine led to adulteration. Precious mukta

is adulterated with cheaper muktashukti or shankha

commercially. This adulteration alters the therapeutic

properties and may contribute to adverse complications.

Thus, a proper identification and standardization of market

samples of muktabhasma for adulteration becomes

mandatory for ensuring its safety and efficacy.

Hence, current study intended to evaluate the quality

parameters including the structure and particle size for

characterization of the three bhasmas including mukta,

shankha, muktashukti, and using Scanning electron

microscope (SEM), X-ray diffraction (XRD), and

Diffraction reflection spectroscopy (DRS) analysis, which

assist in preventing the adulteration.

Methods

Raw materials

Mukta, muktashukti, and shankha are the raw material

used in this study.These were procured from professional

suppliers and collected according to the grahya and

agrahyalakshanas mentioned in Rasa classics. Samples

of Mukta were procured from 2 different spaces namely

Hyderabad (S1) and Bangalore (S2).

Shodhana of mukta

Jayanti swarasa nirmana

The Jayanti was collected from the forest and was

authenticated by the subject experts as

Sesbaniaegypticapers plant. The plant was then pounded

in khalwayantra to prepare kalka without adding water

and was then squeezed through a clean cotton cloth to

obtain swarasa out.

Using Jayanthiswarasa, shodhana was performed using

dolayantra according to the scheme proposed by

Sharangdhar.[7] Pottali was prepared using ashodita

mukta and was suspended in dolayantra containing Jayanti

swarasa as a liquid media. Dolayantra was subjected to

madhyamagni for 3 hours. Fresh swarasa was added

throughout the procedure as the swarasa was getting

evaporated. After swedana process, pottali was taken out

and mukta was washed using lukewarm water. Then it

was spread on clean cloth and dried.

After shodhana, churnikarana of shodhitamukta was

carried out to bring the material in a fine powder state.

Marana of mukta

Marana is performed as per Rasa Tarangini[7, 8] to obtain

muktabhasma using laghu puta (mode of heating).

Sharavasamputa was subjected to lagu puta. The pit was

filled up to 2/3 part with 30 cow dung cakes and

sharavasamputa were placed over it. Thermocouple was

placed vertically and the remaining upper 1/3 part of the

pit wasfilled with cow dungcakes. Temperature and time

were recorded before ignition and throughout the process

of marana until complete burning of cow dung cakes in

puta, using thermocoupleat every 10 min interval. After

complete burning, it is allowed for self-cooling.

Then the sharavasamputa was taken out, layer of cloth

smeared with multanimitti were scrapped off carefully with

knife and two sharavas were separated. The marita mukta

was collected from sharava and powdered as well as

weighed.

After first laghu puta, second laghu puta was performed
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using bhasma after first laghu puta and subjected to

bhavana with godugdha followed by chakrikanirmana.

Similar procedure was followed for third laghu puta.

However, the bhasma obtained after three laghu putas did

not pass all bhasma parikshas. Hence, fourth puta was

given with following same procedure to clear all bhasma

parikshas. For muktashukti, it needed five laghu putas.

After respective puta, the bhasma passed through all the

classical bhasma parikshas.

Shankha shodhana and marana

Similar shodhana and marana procedure was followed

for shankhabhasma preparation with jayanthi swarasa and

gajaputas. It took four gajaputas in marana to clear all

bhasma parikshas.

Mukta shukti shodhana and marana

Nimbuswarasa nirmana

Fresh nimbu was collected, washed with water, and

squeezed using squeezer. The obtained swarasa was used

for shodhana of muktashukti and bhasma.

Similar shodhana and marana procedure were followed

for muktashuktibhasma preparation using nimbuswaras

and gajaputas.

Analytical study

All the samples were analyzed for organoleptic properties.

Physicochemical parameters such as weight loss on drying

(LOD), total ash value, specific gravity, pH were

measured. Samples were subjected to SEM, XRD, and

DRS analysis for more detailed analysis to get particle

size, structure, and reflectance.

Results

Light gray muktabhasma passed all the bhasmaparikshas

after four laghu puta to form bright white. For,

shankhabhasma, four gajaputas were required and for

muktashukti needed five gajaputas to give pale white

bhasma. Texture was smooth and soft and were odorless,

tasteless, and lusterless.

Comparable results of pH, ash value, calcium content

(Ca%), weight loss on drying, and acid insoluble ash

content are shown in Table. 1.

Namburi phased spot test (NPST)showed that market

sample 1 (muktabhasma) had similar trend as that of

prepared muktabhasma; however,market sample 2

(muktabhasma) showed different pattern resembling the

prepared muktashuktibhasma.

The XRD study revealed that muktabhasma (Fig. 1) and

muktashuktibhasma (Fig 2) could not be differentiated

because of its similar lattice parameter and high crystalline

structure. SEM observation showed that the particles were

clearly differentiated. Morphology of mukta was crystalline

but can be differentiated from other, as it is slightly smooth

structured. Whereas, muktashukti and shankha showed

crystalline in nature and muktashukti showed more

compactness then mukta, and muktashuktibhasma.

DRS analysis of shankha showed high reflectance in visible

region and that of muktashukti and mukta showed good

absorbance in ultraviolet range.

XRD analysis showed sharp peak which indicates

crystalline nature where mukta and muktashukti is

aragonite form and shankha forms vaterite. Pattern shows

that crystallinity of mukta and muktashukti samples were

higher compared to shankha where peak corresponds to 2

theta values of 29.40. XRD peak height of shankha was

less compared to mukta and muktashukti.

SEM image of mukta showed crystalline morphology but

can be differentiated due to its spherical nature.

Muktashukti also shows crystalline nature of

muktashuktibhasma at 2 kV it shows particle size (50 -

1µm) at magnification of 500 X to 20,000 X. Shankha

also showed crystalline nature at 20 kV particle size of

50–1µm.
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DRS of mukta and muktashukti showed better reflectance

in 200–350 nm wavelength whereas, shankha showed

significant reflectance in visible region (350–800).

On XRD and DRS, both the market samples showed

similar profile to that of prepared muktabhasma. XRD

showed that both market samples had crystalline structure

and the obtained peak corresponded to 2 theta value of

29.40. Prepared muktabhasma also showed 2 theta value

of 29.40. In DRS, both the market samples as well as

mukta showed good absorbance at 200–350 nm. Also, pH

and NPST results of market sample 2 was similar to that

of prepared muktashuktibhasma.

Discussion

The traditional belief that the ayurvedic entities are valid

and do not require any research to prove its authenticity,

this misconception is harming the significance of ayurvedic

science.[9] Research is required to prove the quality control

parameters of dynamic ayurvedic entities using modern

equipment to authorize it as flawless formulations.

In the present study, an attempt has been made to draw the

quality control parameters of the bhasmas of mukta,

muktashukti, and shankha analytically. Mukta possess

qualities such as sheetavirya, madhuravipaka, kapha-pitta

shamaka, vrishya, balakara, and brihmana. Cultured

pearls are of two varieties—freshwater and seawater

cultured pearls. Freshwater-cultured pearl was investigated

in the present study. It possesses effective therapeutic

prominence such as immunomodulatory effect.[10]

Shankha is of two varities—dakshinavarta and

vamavarta. Vamavarta was used in the present study, as

it is easily available and possess medicinal properties on

dyspepsia and gastroesophageal reflux diseases [11, 12]

Due to higher expenditure, mukta has been adulterated

with cheaper muktashukti or shankh commercially. This

does not serve as the effective treatment instead leads to

unknown complications.

Mukta is an aquatic gem having less chances of getting

contaminated implying the less compulsion in the view of

purification. However, to enhance the therapeutic

properties of muktashodhana (purification) becomes

necessary. Current shodhana procedure involves

jayanthiswarasa, which comprises various phytochemicals

such as flavonoids, tannins, and sugar. These

phytochemicals are believed to possess antibiotic,

antitumor properties, which in turn improve the therapeutic

efficacy of mukta.[13]

Heat plays a major role in shodhana procedure. It assists

in altering the structure of matter. By intense heating and

mode of cooling makes liquid media to enter into expanded

intermolecular space of the drug contributing to brittleness

by reducing the hardness.

Organoleptic characters displayed that all the three drugs

became clean and their lusterreduced due to removal of

external impurities by acidic media that is, nimbuswaras

for shankha and muktashukti and Jayanti swaras for

mukta. The color of muktabhasma, muktashuktibhsama,

and shankhabhasma was whitishgrey, pale white, bright

white, respectively which is comparable to the studies.[14-

16] Sparsha was smooth and soft, odorless, tasteless, and

lusterless.

Jayanti swarasa showed a pH of 6.28 before shodhana.

After shodhana, it became 6.42. This alteration in pH

might be due to continuous heating for 3 h or due to

interactionof swarasa with mukta. Similarly, pH of

nimbuswaras increased after shodhan (2.51 to 2.80) in

muktashukti and 2.51 to 3.21 in shankh, which may be

due to the reaction of CaCO
3 
with acidic medium.

The pH of market sample 1 was 8.98 and the pH of the

market sample 2 was 9.8. In sample 1, pH matches with

that of prepared sample (8.92) and the pH of the sample 2

matches with that of muktashukti (9.5). By analyzing these

pH results,it was inferred that the mukta of market sample

2 might have been adulterated with muktashukti as the pH

matches with it. Also, kshariyata (waste) goes on

decreasing in the order shankhabhasma>

muktashuktibhasma> muktabhasma.
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Ash values of all the prepared samples were as per the

limit. Ash value inboth the market sample was high. This

may be due to procedure variation, such as change of

bhavana drug in shodhana, marana and, even selection

of drug.

NPST is a direct method by which we can differentiate

easily by the patternformed over the whatman filter paper

no.40.[17]Market sample1 showed similar patterns that

of prepared muktabhasma and market sample 2 showed

different pattern quite similar to prepared

muktashuktibhasma. This suggests there may be

anadulteration in market sample 2.

XRD was carried out for muktabhasma, shankhabhasma,

muktashuktibhasma, market sample 1 (muktabhasma), and

market sample 2 (muktabhasma).The sharp peak indicates

that the substance is well crystalline in nature. It was found

that mukta and muktashukti were ofaragonite form

according to the lattice matter. In suman lata et.al. [18]

study, the XRD pattern of Muktabhasma showed

crystalline nature with 2 theta value of 29.36and peaks

were corresponding to calcite form of calcium carbonate.

Sawanth et al[19]study the XRD peaks were corresponding

to aragonite form of calcium carbonate. In another study

by Jayanth et al[16] the XRD revealed rhombohedral

crystal and peaks were identified corresponding calcite

form of calcium carbonate.

From the XRD pattern, the crystallinity of the mukta and

muktashukti samples were found to be higher than

shankha. The peaks correspond to two theta values of

29.40, which can be seen in all the three samples; however

the XRD peak height of shankha was less when compared

to mukta and muktashukti. Both market sample 1 and 2

had crystalline structure, but we can find the peak height

difference in both the samples. Because of the same lattice

parameter and high crystallinity, differentiation between

muktabhasma and muktashuktibhasma becomes

impossible. (Figs. 1–5)

SEM showed the crystalline morphology of mukta but can

be differentiated from others, as it is slightly

spherical.Muktashukti and shankha showed crystalline

morphologywith particle size of 50 –1µm at 20kV. Mukta

market samples 1 and 2 also showed crystalline nature

with particle size 50–1 µm at 20kV. (Fig. 7)

In DRS, shankha showed good reflectance in the visible

region (350–800nm) of solar light spectrum, but the

reflectance decreased below 350 nm. Absorbance in the

range of 200–350nm showed that muktashukti and

muktabhasma can absorb ultraviolet light The reflectance

of light decreases in this order shankha> muktashukti>

mukta. Market sample 1 and 2 showed good absorbance

in the range of 200–350nm.This reflectance is depended

on the color of the substance. As shankha is bright white,

it reflects the maximum amount of light, where other

bhasma do not reflect with that intensity. Hence, this test

can be specifically applied to sudhavargiyadravyas (Figs.

7–8).

Conclusion

Our findings suggests that the study market sample 1 and

2 has many differences when compared to prepared

samples which conclude that the proper standard

operational procedures were not followed in the

preparation. Hence the samples were not genuine.

References

1. Palbag S, Pal K, Saha D, Nandi M, De B, Gautam

D. Pharmaceutics, ethnopharmacology, chemistry

and pharmacology of ayurvedic marine drugs: a

review. Int J Res Ayurveda Pharm. 2013; 4(3):

437-42.

2. Pal D, Sahu CK, Haldar A. Bhasma : The ancient

Indian nanomedicine. J Adv Pharm Technol Res.

2014; 5(1): 4-12.

3. Joshi N, Sharma K, Peter H, Dash MK.

Standardization and quality control parameters

for Mukta Bhasma (calcined pearl). Anc Sci Life.

Gawalkar SS et.al. : A Novel Approach for Quality Control of the Bhasmas



Annals of Ayurvedic Medicine Vol-6  Issue-3-4 Jul-Dec, 2017 103

2015; 35(1): 42-51.

4. Chen HS, Chang JH, Wu JS. Calcium

bioavailability of nanonized pearl powder for

adults. J Food Sci. 2008; 73(9): 246-51.

5. Kulkarni M, Deopujari JY, Purohit HJ.

Synergistic effect of ayurvedic pearl preparation

on enhancing effectiveness of antibiotics. Indian

J Exp Biol. 2002; 40(7): 831-4.

6. Lavekar GS, Ravishankar B, Rao SV, Gaidhani

SN, Ashok BK, Shukla VJ. Safety / Toxicity

studies of ayurvedic formulation-Navratna rasa.

Toxicol Int. 2009; 16(1): 37-42.

7. Sharma S. Rasa Tarangini. 11 ed. Shastri K,

editor. Varanasi: Motilal Banarasi Das; 1979.

8. Adhav KP, Lahare KH. Preparation of mukta

bhasma by two different methods and its

comparative analytical study. Int J Res Ayurveda

Pharm. 2015; 2(5).

9. Singh R. Exploring Issues and Anomalies in

Ayurvedic Education. Annals Ayurvedic Med.

2012; 1(3): 58-9.

10. Kupati VB, Jadar PG. Immunomodulatory Effects

of Ayurvedic Drugs: A Review. Indian journal of

applied research. 2014; 4(11): 28-30.

11. Ranade M, Chary DL. Comparison of two

purification products of shankha bhasma: A

prospective randomized control trial. J Nat Sci

Biol Med. 2013; 4(1): 160-2.

12. Seth A, Maurya SK, Srivastava A. Formulation

development, characterization & estimation of

acid neutralization capacity of shankha bhasma

tablets for the treatment of dyspepsia. Int J Res

Ayurveda Pharm. 2012; 4(4): 497-500.

13. Raja NRL, Sundar. K. Promotion of wound

healing by leaf extracts of Sesbania aegyptiaca

in albino rats. Research Journal of Medicinal

Plants. 2015; 9(3): 116-26.

14. Parmar KK, Galib, Patgiri BJ. Pharmaceutical

standardization of Jala Shukti Bhasma and Mukta

Shukti Bhasma. Ayu. 2012; 33(1): 136-42.

15. Poornima B. T., Santhosh B, Jadar P.G.

Evaluation of market samples of ‘Mukta Bhasma’

using ‘Namburi Phased Spot Test’ (NPST). Indian

Drugs. 2012; 49(11).

16. Jayant Kumar, Pramod Kumar, Puja Sansare,

Kumar S. Pharmaceutico-analytical study of

shankha bhasma prepared by classical and

contemporary method. AAMJ. 2015; 1: 220-5.

17. Bhojashettar S, Poornima B, Jadar P. Evaluation

of market samples of ‘Yashada bhasma’ using

‘Namburi Phased Spot Test’. J Ayurveda Integr

Med. 2011; 2(2): 69-71.

18. Suman lata, S.Biradar R. Pharmaceutico-

analytical study of mukta bhasma prepared in

godugdha. International Journal of Ayurveda  and

Pharma Research. 2015; 3(7): 56-60.

19. S. SR. Comparative study of mukta bhasma &

mukta pishti  With reference to their particle size.

International Journal of Ayurvedic Medicine.

2015; 6(1): 122-8.

Source of Support : Nil
Conflict of Interest : None

Gawalkar SS et.al. : A Novel Approach for Quality Control of the Bhasmas



Annals of Ayurvedic Medicine Vol-6  Issue-3-4 Jul-Dec, 2017 104

Table 1. Physicochemical evaluation of bhasmas

Tests Mukta Muktashukti Shankha Market sample 1 Market sample 2

pH 8.92 9.5 11.81 8.98 9.84

Ca% 41% 40% 40% 41% 41%

Ash value 2.5% 1.52% 17.25% 38% 35%

Loss on drying 0.17% 0.25% 0.25% 0.39% 0.38%

Acid-insoluble ash 0.25 0.28 0.25 0.32 0.28

Figures

Fig. 1. X-ray diffraction of muktabhasma Fig. 2. X-ray diffraction of muktashuktibhasma

Fig. 3. X-ray diffraction of Shankhabhasma Fig. 4. X-ray diffraction of Market sample no 1
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Fig. 5 X-ray diffraction of Market sample no 2 Fig. 6. Scanning electron micrograph of a. mukta, b.

muktashukti, c.shankha, d. sample 1, e. sample 2

Fig. 7. Diffusion reflectance spectroscopy of mukta,

muktashukti, and shankha
Fig. 8. Diffusion reflectance spectroscopy of sample 1

and 2

Gawalkar SS et.al. : A Novel Approach for Quality Control of the Bhasmas



Vol.XI No.4 Oct-Dec 2017 Journal of  Ayurveda

1

Journal of  Ayurveda

A Peer Reviewed Journal

Vol.XI No 4 Oct-Dec 2017

Contents

 Editorial

Editorial- Clinical Practice on Ayurvedic principles…. Need of the day 03

Prof. Sanjeev Sharma

 Clinical Studies

A Clinical Study of MM 21 (Formulated Hypothetical Compound) In The 04

Management of Madhumeha (Diabetes Mellitus Type-2)

Prof. Dr. Radhey Shyam Sharma, Dr. Brahmanand Sharma

A Clinical Study to assess the Efficacy of Suktyadi Yog in Rickets 17

Dr.Vinod Kumar Swami,  Dr. Rakesh Kumar Nagar, Prof. Ajay Kumar Sharma

An Antitoxic Study of Sidharthakadi Agad in Dushivishjanya Vikar 25

with Special Reference to Allergic Eruptive Disorders of the Skin

Dr. Anita Gautam, Dr. Bhawana Mittal, Dr. Anita Sharma, Prof. Vinod Kumar Gothecha

“Effect of Moorchita Tila Taila Shamana Sneha and Navaka Guggulu 36

In Hyperlipidemia” A Comparative Clincial Trial

Dr. Sidram Guled, Dr Kiran kumar Mutnali, Dr S G Mangalagi, Dr. Mrs. Jyoti S. Guled

A Fundamental and Clinical Study of Vishesha-Siddhanta 42

With Special Reference To Amlapitta

Dr. Pallavi Dixit, Dr. Govind Pareek, Dr. Shweta Dewan

The Effect of Vamana Karma with Kutaja (Vatsaka) Beeja Yoga 51

in the management of Medoroga w.s.r to Dyslipidemia

Dr. S. Sangeeta Sharma, Dr. Santoshkumar Bhatted

 Pharmacological Study

Development of Multitier Identification tools for Certain Drugs 56

Dr. Lalit Nagar, Dr. Sudipta Rath, Dr. Naresh Khemani

 Conceptual Studies

Conceptual Study of The Effect of Deshanurupa Vastradharana on General Health 61

Dr. Garima Srivastava, Dr. Anil Sharma, Dr. Durgawati Devi, Dr. Pushpa Gond

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

http://www.docudesk.com


Journal of  Ayurveda Vol.XI No.4 Oct-Dec 2017

2

Anthropometric Study of Adhah Shakha w.s.r. To Anguli Pramana 7 0

Described in Brihattrayi

Dr. Nishi Jain, Dr. Vikash Bhatnagar, Dr. Sandeep M. Lahange

 Literary Reviews

A Comprehensive Review of Katphal (Myrica esculenta Buch.- Ham. 7 7

Ex D. Don Syn. M. Nagi Hook.F.), Dr. Ashwini Kumar Sharma

Evaluation and Development of Rasa Shastra 88

Dr.Dolly Suman, Dr.Mohar Pal Meena, Dr. Rajendra Prasad Sharma

Suran Kanda (Amorphophallus Campanulatus Roxb.)- A Review 94

Dr. Aarif Khan, Dr. Prasant Saini, Prof. Pawankumar Godatwar, Dr. Bilal Ahmad

Etiopathological Study of Avabahuka: A Review 101

Dr.Jeuti Rani Das, Dr.Hemanta Bikash Das, Dr. Surendra Kumar Sharma, Dr. Sisir Kumar Mandal

Role of Shamana Chikitsa in Arbuda with Special Reference to Cancer 108

Dr. Sumitha.L, Dr. R R Hiremath

An Analysis of Neuroanatomical Consideration in Ayurveda 116

Dr. Tikendrajit Sarma, Dr. Kamal Kr. Barman

 Case Studies

Ayurvedic Management of Medo Vriddhi w.s.r. In Hypercholesterolemia – A Case Report       120

Dr. Yadav C.R., Dr. Pareek Pooja , Dr. Chudasama Hardik Y

A Case Report: Management of Yakritdalyaudar (Cirrhosis of Liver) & Jalodar (Ascites)                              124

Dr. Khajuria Narind, Prof. Dadhich Om prakash, Dr. Singh Bhanu Pratap

Effect of Kati Basti, Patra Pinda Sveda and Bastikarma In The Management of 129

Gridhrasi (w.s.r To Sciatica) -A Case Study

Bhavna Kumari, Dr. Gopesh Mangal, Alka, Surya Prakash

Ayurvedic Approach in the Management of Avabahuka (adhesive capsulitis stage 2) 134

in a Diabetic patient with Panchatiktaka  prasratika basti - A case report

Dr. Suketha Kumari, Dr. Laxmikant

Management of jaundice with Ayurvedic medicine – A Case Study 139

Dr. Ekta, Dr. Mahendra Prasad

Instructions for Authors 144

 Short Communication

Ayurveda News & Views - Dr. Rizwana Parveen 158

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Vol.XI No.4 Oct-Dec 2017 Journal of  Ayurveda

3

EDITORIAL

Clinical Practice on Ayurvedic principles….
Need of the day

Ayurveda understands each person and disease affecting him in a unique way. Two persons cannot
be same and the same disease affecting two persons may not be of same nature. According to Ayurveda

these two persons or patients may require different sets of treatment for so called same disease. In the
contemporary science the treatment is given for a disease in a mechanical way without understanding the
body constitution or Prakriti of an individual. It looks for a drug that will cure a statistically significant

number of people for a specific condition or symptom such as rheumatoid arthritis. Ayurveda looks for a
treatment that will cure an individual person of their unique presentation of the disease. Since no disease
affects two people in exactly the same way, no two treatments are exactly the same.

It is well known fact that the entire Ayurvedic treatment and understanding of a disease is based on
Ayurvedic principles. There is hardly any one-to-one correlate of an Ayurvedic disease with modern disease.
So, no futile exercise should be done to translate modern disease into an Ayurvedic one. Prof. R.H. Singh

says that modern diagnosis and Ayurvedic treatment is not feasible unless all the drugs and therapies of
Ayurveda are studied for their modern pharmacology and modern pharmaceutics followed by extensive
clinical trials which may take few hundred years, even then things will remain un-certain and inconclusive.

Hence, instead of the costly time consuming exercise of transforming Ayurveda into modern medicine, it is
easier and rational to use Ayurveda as it is. However, every effort should be made to develop an evidence
based Ayurveda with full quality assurance, safety and efficacy of medications. Clinicians should show

confidence in their own system.

Gamorising effect of modern medicine, huge modern investigation inventory, short cut treatment lines,
ignorance of Ayurveda at political levels, poor practical trainings and mushrooming of poor quality

Ayurvedic institutions have led to the present precarious condition of Ayurveda in the country. It is the
fact that Ayurveda is the need of every individual and whole world today and whole world is looking towards
India for this health care heritage. But presently our country does not seem ready to cater the need of

humanity at large. So, Ayurvedic fraternity has to take the challenge carefully and should understand the
principles of Ayurveda. Each individual needs to carry the principles from texts to patients, because, clinical
practice on Ayurvedic principles is the need of the day. No short cut should be adopted in the clinical practice

and at the same time it should not be driven by medical representatives or pharmaceutical houses.

Prof. Sanjeev Sharma
Director
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Abstract

The incidence of diabetes mellitus is increasing rapidly because of changes in lifestyle and dietary

habits. Scientists of various fields are doing continuous research in order to achieve an effective management
for diabetes mellitus. Ayurvedic research scholars on various herbal and mineral drugs to find an effective
treatment for madhumeha have also done a great deal of work. MM 21 (Formulated Hypothetical Compound)

has been used in for the present study. The study was conducted with an objective of evaluating the role of
MM 21 (Formulated Hypothetical Compound) in clinically diagnosed cases of madhumeha. 200 patients of
both sexes of 18 year to 70 year age group were registered for this project and all were thoroughly examined

at certain intervals during entire project period. Out of that 20 patients discontinued the treatment therefore
study was conducted on 180 patients that were equally divided into 2 groups; Group A (Oral Hypoglycemic
Agent i.e. OHA + MM 21 (Formulated Hypothetical Compound)) and Group B (MM 21 (Formulated

Hypothetical Compound)). Statistically significant improvement was observed in objective and subjective
parameters in both groups after completion of the course of treatment. Based on the results, it is been
concluded that, MM 21 (Formulated Hypothetical Compound) is an effective therapeutic regimen in the

management of uncomplicated cases of Madhumeha.

Keywords- Madhumeha, Diabetes Mellitus, MM 21 (Formulated Hypothetical Compound)

‚Ê⁄UÊ¥‡Ê-

flÃ¸◊ÊŸ ◊¥ ¡ËflŸ‡ÊÒ∂Ë ∞fl¢ •Ê„Ê⁄ ‚¢’¢œË •ÊºÃÙ ◊¥ ¬Á⁄flÃ¸Ÿ „ÙŸ ∑§ ∑§Ê⁄áÊ ◊œÈ◊„ ⁄UÊª ∞∑§ ÷ÿ¢∑§⁄ M§¬ œÊ⁄áÊ
∑§⁄ÃÊ ¡Ê ⁄„Ê „Ò– ÁflÁ÷ãŸ ˇÊGÙ¥ ∑§ flÒôÊÊÁŸ∑§ ◊œÈ◊„ ∑§Ë ‚»§∂ ÁøÁ∑§à‚Ê ∑§ Á∂∞ •Ÿ∑§ ‡ÊÙœ ∑§Êÿ¸ ∑§⁄ ⁄„ „Ò– ß‚ ∑§Êÿ¸
„ÃÈ „◊Ÿ MM 21 (∑§ÁÀ¬Ã ÿÙª) ∑§Ê ÁŸ◊Ê¸áÊ ∑§⁄ ◊œÈ◊„ ∑§ ⁄ÙÁªÿÙ¥ ¬⁄ ∞∑§ ‡ÊÙœ ∑§Êÿ¸ Á∑§ÿÊ „Ò– ß‚ ‡ÊÙœ ∑§Êÿ¸ „ÃÈ «UÊÚ
∞‚.•Ê⁄. ⁄Ê¡SÕÊŸ •ÊÿÈfl¸º Áfl‡flÁfllÊ∂ÿ ¡Ùœ¬È⁄ ∑§ ‚ê’h ÁøÁ∑§à‚Ê∂ÿ ◊¥ ◊œÈ◊„ ∑§ 200 ⁄ÙÁªÿÊ¢ ∑§Ê øÈŸÊfl Á∑§ÿÊ, Á¡‚◊¥
‚ 20 ⁄ÙÁªÿÙ¥ Ÿ ‡ÊÙœ ∑§Êÿ¸ ∑§ ºÊÒ⁄ÊŸ ÁøÁ∑§à‚Ê ¿UÙ«U ºË– ß‚ ¬˝∑§Ê⁄ MM 21 ÿÙª ∑§Ê ÁøÁ∑§à‚Êà◊∑§ •äÿÿŸ 180 ⁄ÙÁªÿÙ¥
◊¥ ‚ê¬ãŸ „È•Ê– ßŸ 180 ⁄ÙÁªÿÙ¥ ∑§Ù 2 flªÊ¸ ◊¥ ’⁄Ê’⁄ ’⁄Ê’⁄ (90-90) ’Ê≈Ê ªÿÊ– flª¸ “•” ◊¥ ◊ÈπªÃ „Êß¬ÙÇ∂ÊÁS◊∑§
•ÊÒ·œ (•ÊœÈÁŸ∑§) + MM 21 ÿÙª ÃÕÊ ºÍ‚⁄ “’” flª¸ ◊¥ MM 21 •ÊÒ·œ ÿÙª ÁºÿÊ ªÿÊ– ‡ÊÙœ ∑§Êÿ¸ ◊¥ •Ê·œ ºÙŸÙ¥ flªÊ¸
◊¥ 3 ª˝Ê◊ ∑§Ë ◊ÊGÊ ◊¥ ¬˝ÊÃ— fl ‚Êÿ¢ ºÙ ’Ê⁄ ºÙ ◊Ê„ Ã∑§ ºË ªß¸– ‡ÊÙœ ∑§Êÿ¸ ‚ê¬ÍáÊ¸ „ÙŸ ¬⁄ ‚Ê¢ÁÅÿ∑§Ë Áfl‡∂·áÊ ∂ˇÊáÊÊà◊∑§
∞fl¢ ÁŸºÊŸÊà◊∑§ ¬Á⁄ˇÊáÊÙ¥ ∑§ •ÊœÊ⁄ ¬⁄ ºÙŸÙ¥ flªÊ¸ ◊¥ ¬˝÷ÊflÊà◊∑§ ¬Á⁄áÊÊ◊ ¬˝Ê# „È∞–
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Introduction

India is undergoing the significant social,

economical and demographical changes. This
includes mainly rapid urbanization, increased
industrialization, rising incomes, expanded education

and improved health care. Diabetes Mellitus is one
of the most common non-communicable diseases
globally. It emer as a public health problem in India.

In 2000, India (31.7 million) topped the world with
the highest number of people with diabetes mellitus
followed by China (20.8 million) with the United

States (17.7 million) in second and third place
respectively1. The disorder constitutes a major
epidemic in the initial decades of the 21st Century.

Causes of the ailment are unfavorable modification
of life style (Life style can be decisive factor in
determining the individual’s health status and life

expectancy) and dietary habits. Again sedentary
lifestyle and unhealthy eating habits of the people
have lead to an increased prevalence of obesity.

Diabetes Mellitus now days are acquiring alarming
proportion. Diabetes mellitus is a syndrome with
disordered metabolism and hereditary immune

mediated involvement. The changing life style, lack
of exercise, fast foods and sedentary habits, stress
and tension are major reasons for causing the

disease in new one and enhancing in old one. As per
Charaka Samhita also the Nidana of Prameha is as

•ÊSÿÊ‚Èπ¢ SflåŸ‚Èπ¢ ºœËÁŸ ª˝Êêÿıº∑§ÊŸÍ¬⁄‚Ê— ¬ÿÊ¢Á‚–
ŸflÊÛÊ¬ÊŸ¢  ªÈ«UflÒ∑Î§Ã¢  ø  ¬˝◊„„ÃÈ—  ∑§»§∑Î§ìÊ  ‚fl¸◊˜––2

Thus it is essential need of today’s era to

provide positive effects to improve the overall health
status of diabetic patients.  There are lot of options
in modern system of medicine to treat Diabetes but

they have untoward effects. Therefore it is necessary
to find out a solution in traditional system of
medicine without any untoward effect. To keep all

these things in mind an herbal compound (MM 21

A Clinical Study of MM 21 (Formulated Hypothetical
Compound) In The Management of Madhumeha (Diabetes

Mellitus Type-2)

Prof. Dr. Radhey Shyam Sharma, Dr. Brahmanand Sharma

Clinical Study

(Formulated Hypothetical Compound)) will be
prepared which has no adverse effect.

Need For The Present Study-

In modern medicine, no satisfactory effective
therapy is still available to cure the diabetes mellitus.
However, insulin therapy is also used for the

management of diabetes mellitus, but there are
several drawbacks like insulin resistance, anorexia
nervosa, brain atrophy and fatty liver after chronic

treatment. Many plants are claimed to possess
antidiabetic and antioxidant activity. In practice, it
is being increasingly recognized to be an alternative

approach to modern medicine for more effective and
safe. The International Diabetes Federation (IDF)
estimates the total number of diabetic subjects to be
around 40.9 million in India and this is further set

to rise to 69.9 million by the year 2025.

Aims & Objectives-

l To establish pathogenesis of Madhumeha w.s.r.

to NIDDM.

l To study the effect of diet & counseling in the
management of Madhumeha.

l To study the efficacy of MM 21 (Formulated
Hypothetical Compound) in the management of
Madhumeha.

Clinical Study-

Materials and Methods

Design of study- Study was open

randomized clinical trial.

a) Selection of Cases:

1. Source – Patients having genuine

complaints of Madhumeha and fulfilling the criteria
for inclusion were selected irrespective of caste, race
and religion. An elaborative case taking Performa
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was specially designed for the purpose of
incorporating all aspects of the disease on Ayurvedic

and Modern Parlance. The patients  were selected
from the O.P.D of  Kayachiktasa, University Hospital
of Ayurveda, Dr. S. R. Rajasthan Ayurved University,

Jodhpur

2. Age Group – between 18 to 70 years
were selected for the study.

3. Number of Cases –200 patients of both
sexes were registered for this project and all were
thoroughly examined at certain intervals during

entire project period. Out of that 20 patients
discontinue the treatment therefore study was
conducted on 180 patients.

b) Grouping of Patients: -

Registered patients for this project were
randomly divided into two groups of 90 patients on

the basis of inclusion criteria as given below:

1. Group A – 90 patients, which were
already on anti diabetic allopathic medicine were

treated with MM 21 (Formulated Hypothetical
Compound).

2. Group B-90 patients were treated with

MM 21 (Formulated Hypothetical Compound).

c) Preparation of MM 21 (Formulated
Hypothetical Compound)-

Drug was prepared in pharmacy under the
department of Rasa Shastra of University college of
Ayurved, Dr. S. R. Rajasthan Ayurved University,

Jodhpur under aseptic & hygienic conditions as per
GMP provisions.

d) Dose administration – 3 grams BD with water

before meal.

e)  MM 21 (Formulated Hypothetical
Compound) Yoga – Kalpit yoga of Dr. S R

Rajasthan Ayurved University, Jodhpur for
Madhumeha (Diabetes mellitus Type 2)

S.No. Constituents Latin name Part Used

1 . Sanaya/senna Cassia angustifolia Patra

2. Aam/Aamra/Mango Mangifera indica Beej

3. Jamun/Jambul/Jambu Syzygium cumini Beej

4. Nimba/Neem Azadirachta indica Beej

5. Gokshura Tribulus terrestris Kantak

6. Guduchi Tinospora cordifolia Kanda

7 . Haridra Curcuma longa Kanda

8. Tejapatta Cinnamomum tamala Patra

9. Manjistha Rubia cordifolia Mool

10. Black Cumin/Jeera Carum bulbocastanum Beej

11 . Dry Karela Momordica charantia Phala

12. Gurmar Gymnema sylvestre Patra

13. Methika Trigonella foenum-graecum Beej

14. Bilva/Bael Aegle marmelos Patra

15. Shunthi Zingiber officinale Mool

16. Bala Sida cordifolia Mool

1 7 . Baboolphali Acacia nilotica Phala
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18. Indrayana Citrullus colocynthis Phala

19. Udumbar/Goolar Ficus racemose Phala

20. Paneer doda Withania coagulans  Pushpa

21. Kalonji Nigella sativa Beej

Clinical assessment was done on the basis of grading

system of the following clinical features-

(1) Prabhuta Mutrata (Polyuria) Frequency of
urine

(2) Pipasa (Polydypsia) Feeling of thirst

(3) Kshudha (Appetite)

(4) Abhyavaharana Shakti (Hunger)

(5) Kara-Pada-Tala-Daha/Supti (Neuropathy)

(6) Avila Mutrata (Turbidity)

(7) Mutramadhurya (Glycosuria)

(8) Dourbalya (Weakness)

(9) Alasya/Utsahahani (Lethargyness)

(10) Shula (Joint Pain)

(11) Pindikodveshtan (Cramps)

h) Methods

The attendants of the patient were informed

about the trial drug, mode of drug administration &
its effects, duration of the study etc. On first visit a
detailed history was obtained. The patients falling in

inclusion criteria were thoroughly examined.

A. Detailed information was recorded in a proforma
prepared on the basis of Ayurvedic & modern

parameters.

B. The hematological and urine analysis
investigations were done before and after the

completion of the project.

C. Follow-up and monitoring - All patients were
called for follow up fortnightly. Any discomfort

or untoward side effects was noted in the
proforma.

f) Duration of therapy – Two months.
Follow-up was done after every fifteen days.

g) Diagnostic Criteria

1. Inclusion Criteria

With due consideration of different aspects

and presentation of the disease following criteria was
adopted to select the patients or to include the
patients for clinical contrive.

l Presenting signs and symptoms of Prameha
(Madhumeha).

l Presenting signs related to mutra and Mutravaha

strotas Dusti.

l Fulfilling the subjective and objective parameters
decided by world Diabetic association.

2. Exclusion Criteria

l Diabetic patient having severe complications or
having involvement of systemic diseases like

hypertension, Paralysis, jaundice or any
infectious disease.

3. Discontinuation Criteria

l Any other acute illness.

l Parents not willing to continue treatment.

l Any severe untoward effect.

4. Side-Effects Evaluation Criteria

To rule out the possible adverse effect of
proposed drugs, clinical criteria was adopted and

documented in Adverse Effect Evaluation Format
during the course of the study.

5.  Assessment Criteria

Clinical assessment

Patients were assessed on different
parameters for obtaining the effect of therapies.
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Observation-

Table no-I    Demographic Data

S.NO. Demographic data Predominance in both group Percentage

1 . Age (Year) 46 – 60 39.4

2. Sex Male 72.2

3. Occupation Business 39.4

4. Socio-economical status Upper 53.8

5. Habitat Urban 63.8

6. Family history Positive 66.1

7 . Desha Jangal 68.4

8. Chronicty > 1 yrs 36.6

9. Dietary habit Adhyasana 67.2

10. Type of diet Vegetarian 60.55

11. Rasa in diet Madhur 49.4

12. Kostha Krura 46.1

13. Agni Manda 4 7 . 7

14. Bowel habit Irregular 63.3

15. Addiction Tea / coffee 40

16. Emotional status Tensive 56.1

1 7 . Nidra Irregular 50.5

18. Sharirika Prakrati Kapha Vata 80.2

19. Manasa prakriti Rajas 61.1

20. Vyayama shakti Avara 52.7

21. Abhayavaharana shakti Madhyam 51.1

22. Jarana shakti Madhyam 60
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Table No. II

Effect of MM 21 (Formulated Hypothetical Compound) on objective parameters of Group A

Symptoms       Mean Diff. % SD SE t- test P Res-

B T A T Relief ± ± value ults

Blood Sugar 255 .377 1 2 5 . 6 1 1 1 2 9 . 7 6 6 50.813 35.409 20.543 20.543 < .00001 E.S.

(Random)

Blood sugar 1 9 1 . 3 7 7 1 2 1 . 9 7 7 69.400 36.263 3 3 . 4 7 7 1 9 . 6 6 6 1 9 . 6 6 6 < .00001 E.S.

(fasting)

Blood sugar 269.944 130.033 1 3 9 . 9 1 1 51.829 55.742 20.284 20.284 < .00001 E.S.

(pp)

Cholesterol 185.491 1 1 2 . 0 2 1 7 3 . 4 7 0 39.608 24.063 1 3 . 9 8 3 1 3 . 9 8 3 < .00001 E.S.

Triglyceride 102.801 59.936 42.865 4 1 . 6 9 7 19.003 1 2 . 4 1 2 1 2 . 4 1 2 < .00001 E.S.

HDL cholesterol 49.828 65.474 -15.646 -31.400 6.8725 -21.598 -21.598 < .00001 E.S.

LDL cholesterol 102.396 65.955 3 6 . 4 4 1 35.588 1 3 . 4 2 4 16.565 16.565 < .00001 E.S.

VLDL Cholesterol 46.480 29.802 1 6 . 6 7 8 35.882 7 . 4 2 9 1 8 . 7 4 2 1 8 . 7 4 2 < .00001 E.S.

S.Bilirubin total 0.828 0 . 3 7 6 0.452 54.589 0.1669 1 4 . 3 1 1 1 4 . 3 1 1 < .00001 E.S.

S. Bilirubin 0.309 0.148 0 . 1 6 1 52.103 0.042 1 8 . 1 3 4 1 8 . 1 3 4 < .00001 E.S.

Direct

SGOT 4 3 . 1 4 4 22.145 20.999 4 8 . 6 7 1 5.958 20.696 20.696 < .00001 E.S.

SGPT 40.807 1 9 . 7 4 2 21.065 5 1 . 6 2 1 5.0921 2 4 . 3 4 1 2 4 . 3 4 1 < .00001 E.S.

Alkaline 85 .719 5 7 . 1 6 2 28.557 3 3 . 3 1 4 1 3 . 0 9 1 1 7 . 7 9 5 1 7 . 7 9 5 < .00001 E.S.

Phosphate

S.Protein 7.600 5.653 1 . 9 4 7 25.618 0.595 15.080 15.080 < .00001 E.S.

Albumin 4.704 2 . 7 9 7 1 . 9 0 7 40.539 0.409 1 7 . 0 6 3 1 7 . 0 6 3 < .00001 E.S.

*(E.S-Extremely significant)

Table no. 2 shows that MM 21 (Formulated Hypothetical Compound) showed extremely significant

results in Group A (p<0.00001), also a 15.646% increase was seen in HDL cholesterol.
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Table No. III  Effect of MM 21 (Formulated Hypothetical Compound) on
objective parameters of Group B

Symptoms       Mean Diff. % SD SE t- test P Res-

B T A T Relief ± ± value ults

Blood Sugar 231.955 148.700 83.255 35.892 45.397 22.222 22.222 < .00001 E.S.

(Random)

Blood sugar 1 7 2 . 1 2 2 124.400 4 7 . 7 2 2 2 7 . 7 2 5 1 3 . 7 7 1 3 2 . 8 7 3 3 2 . 8 7 3 < .00001 E.S.

(fasting)

Blood sugar 285.566 1 5 5 . 7 7 7 128.966 4 5 . 1 6 1 50.457 24.248 24.248 < .00001 E.S.

(pp)

Cholesterol 272.508 204.420 70.534 25.883 5 1 . 7 6 9 12.925 12.925 < .00001 E.S.

Triglyceride 165.940 1 2 5 . 7 4 6 40.086 2 4 . 1 5 7 45.569 8.345 8.345 < .00001 E.S.

HDL cholesterol 53.246 67.099 -13.853 -26.016 7 1 . 8 6 3 -1.828 0.07078 < 0.001 S

LDL cholesterol 129.295 9 3 . 9 9 7 35.063 2 7 . 1 1 8 1 8 . 5 1 3 1 7 . 9 6 7 1 7 . 9 6 7 < .00001 E.S.

VLDL Cholesterol 55.585 3 9 . 8 1 7 15 .768 2 8 . 3 6 7 1 4 . 6 2 2 10.230 10.230 < .00001 E.S.

S.Bilirubin total 1 . 3 5 4 0.651 0.702 51 .874 0 . 4 1 7 15.955 15.955 < .00001 E.S.

S. Bilirubin 0.463 0.225 0 . 2 3 7 5 1 . 3 3 1 0.218 1 0 . 3 1 4 1 0 . 3 1 4 < .00001 E.S.

Direct

SGOT 45.059 2 7 . 9 3 1 1 7 . 1 2 7 3 8 . 0 1 1 20.326 7 . 9 9 3 7 . 9 9 3 < .00001 E.S.

SGPT 46.678 26.072 20.606 4 4 . 1 4 4 23.260 8.404 8.404 < .00001 E.S.

Alkaline 1 0 4 . 7 9 4 7 7 . 0 8 3 2 7 . 7 1 1 26.443 28.573 9.200 9.200 < .00001 E.S.

Phosphate

S.Protein 7 . 7 2 2 6.548 1 . 1 7 3 15 .190 1 . 6 1 5 5 .947 5 .947 < .00001 E.S.

Albumin 5.612 3.834 1 . 7 7 7 3 1 . 6 6 4 84.362 10.483 10.483 < .00001 E.S.

*(E.S-Extremely significant) (S- Significant)

Table no. 3 shows that MM 21 (Formulated Hypothetical Compound) showed extremely significant

results (p<0.00001) in Group B, also a 13.853 % increase was seen in HDL cholesterol which shows a certain
trend toward significance (<0.001).
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Table No. IV

Effect of MM 21 (Formulated Hypothetical Compound) on subjective parameters of Group A

Symptoms           Mean Diff. % SD SE t- test P Res-

B T A T Relief ± ± value ults

Prabhuta mutrata 1.622 0.166 1.455 89.726 0.689 20.024 20.024 < .00001 E.S.

Pipasa 1.533 0.122 1.411 92.028 0.558 23.957 23.957 < .00001 E.S.

Kshudha 1.644 0.088 1.555 94.594 0.751 19.645 19.645 < .00001 E.S.

Abhyavaharan 2.000 0.444 1.555 7 7 . 7 7 7 1.299 11.358 11.358 < .00001 E.S.

shakti

Kara pada tala 1.522 0.055 1.466 96.350 0.796 17.476 17.478 < .00001 E.S.

Avila mutrata 1.122 0.044 1 . 0 7 7 96.039 1.062 9.624 9.624 < .00001 E.S.

Mutra Madhurya 1.955 0.344 1.611 82.386 0.830 18.403 18.403 < .00001 E.S.

Dourbalya 1.488 0.100 1.388 93.283 0.665 19.806 19.806 < .00001 E.S.

Alasya/Utsah hani 1 . 9 7 7 0.166 1.811 91.573 0 . 7 1 7 23.954 23.954 < .00001 E.S.

Shoola 1.533 0.144 1.388 90.579 0.744 17.687 17.687 < .00001 E.S.

Pindikodveshtan 1.933 0.133 1.800 93.103 0.914 18.676 18.676 < .00001 E.S.

*(E.S-Extremely significant)

Table no. 4 shows that MM 21 (Formulated Hypothetical Compound) showed extremely significant results
in Group A (p<0.00001).

Table No. V  Effect of MM 21 (Formulated Hypothetical Compound) on subjective
parameters of Group B

Symptoms           Mean Diff. % SD SE t- test P Res-

B T A T Relief ± ± value ults

Prabhuta mutrata 1 .655 0.155 1.500 90.604 0.691 0.072 20.592 < .00001 E.S.

Pipasa 1 .544 0 . 1 1 1 1 . 4 3 3 92.805 0.561 0.059 2 4 . 1 9 9 < .00001 E.S.

Kshudha 1 .655 0.088 1 .566 94.630 0.750 0.079 19.809 < .00001 E.S.

Abhyavaharan shakti 2.055 0.444 1 . 6 1 1 7 8 . 3 7 8 1 . 2 8 6 0.135 1 1 . 8 7 7 < .00001 E.S.

Kara pada tala 1 . 5 2 2 0.033 1.488 97.810 0.810 0.085 1 7 . 4 2 3 < .00001 E.S.

Avila mutrata 1.088 0.033 1.055 96.938 1 . 0 7 4 0 . 1 1 9 . 3 2 1 < .00001 E.S.

Mutra Madhurya 1 . 9 6 6 0 . 3 1 1 1 .655 84.180 0.823 0.086 1 9 . 0 7 7 < .00001 E.S.

Dourbalya 1.500 0.055 1 . 4 4 4 96.296 0 . 6 3 7 0.067 2 1 . 4 7 9 < .00001 E.S.

Alasya/Utsah hani 1 . 9 6 6 0 . 1 3 1 . 8 3 3 93.220 0.691 0.072 25.168 < .00001 E.S.

Shoola 1 .566 0 . 1 3 3 1 . 4 3 3 93.567 0.703 0.074 1 9 . 3 1 7 < .00001 E.S.

Pindikodveshtan 1.900 0.122 1 . 7 7 7 91 .489 0.933 0.098 18.067 < .00001 E.S.

*(E.S-Extremely significant)

Table no. 5 shows that MM 21 (Formulated Hypothetical Compound) showed extremely significant
results in Group B (p<0.00001).
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Discussion-

Mean value of fasting blood glucose in Group

A and Group B is 191.377 and 172.122. After 60
days of treatment reduced to 121.977 and 124.400
respectively. So in respect of fasting blood glucose

level the study shows the extremely significant result
i.e. p<0.00001 in group A in comparison to group
B.

Mean value of post prandial blood glucose in
Group A and Group B is 269.944 and 285.566. After
60 days of treatment reduced to 130.033 and

155.777 respectively. So in respect of post prandial
blood glucose level the study shows the extremely
significant result i.e. p<0.00001 in group A in

comparison to group B.

The initial mean value of serum cholesterol
in Group A and Group B is 185.491 and 272.508.

After 60 days of treatment reduced to 112.021 and
204.420 respectively. So in respect of serum

cholesterol level the study shows the extremely
significant result i.e. p<0.00001 in group A in
comparison to group B.

In respect of triglyceride level mean value in
Group A and Group B is 102.801 and 165.940. After
60 days of treatment reduced to 59.936 and 125.746

respectively. So in respect of triglyceride level the
study shows the extremely significant result i.e.
p<0.00001 in group A in comparison to group B.

In respect of HDL cholesterol level mean
value in Group A and Group B is 49.828 and
53.2460. After 60 days of treatment increased to

65.474 and 67.099 respectively. So in respect of HDL
cholesterol level the study shows increase in good
cholesterol and the result are extremely significant

i.e. p<0.00001 in group A in comparison to group
B.

Figure no. 1 Comparison of %Relief in Group A & Group B on objective parameters

Fig no. 1 shows % relief of Group A is greater than Group B in all objective parameters,   (-) %
relief in HDL cholesterol in both groups shows increase in HDL cholesterol level
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Figure no. 2 Comparison of %Relief in Group A & Group B on subjective parameters

Fig no. 2 shows % relief of Group A is greater than Group B in all subjective parameters

improve the basic cellular metabolism due to their

Shodhana properties while Kasaya Rasa not only
reduces the peripheral resistance as well as clinical
manifestation of the disease. Katu rasa stimulates

Pachakagni desiccants the food, removes
obstruction and dilates the passages and allays
Kapha Doshas. Its main pharmacological action is

Amapachana and makes Ama stable which helps in
glucose uptake in insulin sensitive tissues like as
muscle, fats etc. by enhancing activity of insulin

receptor. (Aavaranajanaya effect) . Madhura Rasa
being habituated since birth produces greater
strength in Srotasa, Dhatus (tissues) and improves

the strength of Oja due to their Ojovaradhaka,
Rasayana and Yogvahi properties which play an
important role in pathogenesis of Madhumeha.

Following modern studies about different content of
MM 21 (Formulated Hypothetical Compound) also
supports its hypoglycemic effect such as:-

lllll Swarnapatri –The hypoglycemic effect of
senna may be due to increasing the excretion of
toxic chemical agents and oxidative cytotoxic

compounds in the feces or due to reducing
intestinal carbohydrate absorption4.

Probable mode of action of MM 21
(Formulated Hypothetical Compound)-

MM 21 (Formulated Hypothetical

Compound) is having mainly Kashaya- Tikta,
kapha Pitta Shamaka ingredients the contents of
drug also have the Rasayana, Vayasthapana, Balya,

Medhya, Jivaniya and Agnidipana properties3. MM
21 (Formulated Hypothetical Compound) is able to
control symptoms of Dhatukshaya, vitiated Kapha-

Pitta, Agnivaishamya and Manovahasrotas
(psychological). Madhumeha is the disease of
Agnivikriti and Dhatuvikriti. Formation of Ama

Dasha at different levels is the main Samprapti
responsible for the disease. So for the Samprapti
Vighatana of the disease, the drug  remove Ama

Dosha at various levels, correct the Agni and
cleaness the Srotasa. In this formulation MM 21
(Formulated Hypothetical Compound) has maximum

of Kashaya Rasa followed by Tikta Rasa Madhura
Rasa and Katu Rasa.  Most of the contents of MM
21 (Formulated Hypothetical Compound) are Sheeta

Virya and Katu Vipaka. Kashaya Rasa acts as a
controller of excessive urination, Dhatu Kashaya and
Oja Kashaya through urine by Stambhana

properties. It absorbs Kleda, Meda, Vasa and Kapha
Dosha. The Rasa like Tikta has also potency to
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lllll Aam- Aam administration prevented
significantly glycated haemoglobin elevation.

Flavonoids and phenolic acids, inhibits some key
enzymes (a-amylase, a-glucosidase, and aldose
reductase) linked to the pathology and

complications of Type 2 diabetes5.

lllll Jambu- Syzygium cumini stimulates precursor
cell differentiation. Syzygium cumini induces the

appearance of positive insulin staining cells in the
epithelia of the pancreatic duct6.

lllll Nimba- Nimbocinone, nimocinolides,

isonimocinolide, azadirachtin, flavonoid have
been beneficial effects in the diabetic
environment by improving and/or mimicking

insulin action. Improving Glucose tolerance.
Prevention in Diabetic Nephropathy7.

lllll Gokshura- T.terrestris have been proposed to

account for the hypoglycemic property of the
extract by stimulating insulin secretion in a
glucose-dependent manner8.

lllll Guduchi- Tinospora cordifolia increased the
activity of glycogen synthase in the liver; it may
increase the storage of glucose in hepatocytes. It

also decreased the activity of phosphorylase in
the liver; thereby it may prevent the release of
glucose into the blood9.

lllll Haridra- Curcuma longa rhizome intake can
stimulate secretion of pancreatic glucose
regulating hormones – insulin and C-peptide.

Turmeric, probably, inhibits the Na+- glucose co-
transporter (SGLT) 10.

lllll Tamalapatra- The leaves extract may be

promoting the insulin release from the
undestroyed β-cells or its action may be insulin,
extract could be improving the oral glucose

tolerance by increasing the availability of
insulin11.

lllll Manjishtha- (Rubia cordifolia) inhibits glycated

and fructated guanosine and ROS-modification of
glycated and fructated guanosine and is a natural
antioxidant12.

lllll Jeeraka- Cumin decrease blood glucose level.
This may be through stimulation of surviving β-
cells to produce insulin. In addition, it is known

that the antioxidant effect of cumin suppressed

apoptosis and exerted beneficial effects on
pancreas β-cells13.

lllll Karvellaka- Its various extracts and
compounds are its hypoglycemic effect,
stimulation of peripheral and skeletal muscle

glucose utilisation, inhibition of intestinal glucose
uptake, inhibition of adipocyte differentiation,
suppression of key gluconeogenic enzymes,

stimulation of key enzyme of HMP pathway, and
preservation of islet β cells and their functions14.

lllll Meshashringi- Gymnemic acid is structurally

similar to glucose. It prevents the absorption of
sugar molecules, leading to balanced blood sugar
levels even when you consume sugar-based

foods15.

lllll Methika- Hypoglycemic action of the extract of
herbal plants may be possible through the

insulinomimictic action or by other mechanism
such as stimulation of glucose uptake by
peripheral tissue, inhibition of endogenous

glucose production of activation of
gluconeogenesis in liver and muscles16.

lllll Bilwa- A. marmelos might be increase the

release of insulin from the existing β–cells of
pancreas. The levels of urea and Triglycerides
were increased after induction of diabetes. After

the administration of A. marmelos these levels
were reverted back to near normal level17.

lllll Shunthi- Aqueous extract of raw ginger has

potential hypoglycaemic properties. This
hypoglycaemic action of ginger maybe due to
effects involving serotonin receptors, an increase

in pancreatic secretion of insulin from β cells or
release of bound insulin18.

lllll Bala- It shows improvement of liver function

and subsequent increase in uptake of blood
glucose and its utilization may be another
mechanism of action of its extract19.

lllll Babool- Due to presence of tannins and
polyphenol compounds in babool that have anti-
oxidant properties. The tannins restore the

function of pancreatic beta cells and stimulate
release of insulin, while the polyphenols reduce
the blood glucose level through inhibition of

glucosidase enzyme from the intestine20.
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lllll Indravaruni- Shows antihyperglycemic effect
by promoting regeneration of beta cells or by

protecting the pancreas from destruction, by
restricting glucose load as well as by promoting
unrestricted endogenous insulin action or its

effect beta cells to release insulin and activate
the insulin receptors to absorb the blood sugar21.

lllll Udumbara- Due to increase in peripheral

utilization of glucose or by stimulating the
secreation of insulin by remaining intact β cells.
Flavanoids may trigger some Ca++ mediated

mechanism for insulin release or may modulate
the voltage dependent channel in activation
mechanism by altering voltage sensitivity22.

lllll Paneer Doda- Administration of W.coagulans
to reduce the glycosylation of haemoglobin by
virtue of its free radical scavenging property and

thus decreased the level of HbA1c. A decrease in
blood glucose level might also contribute to
decreased level of HbA1c23.

lllll Kalonji- Increase insulin secretion induces
proliferation of pancreatic β-cells, and stimulate
glucose uptake in skeletal muscle and fat cells24.

Conclusion-

lllll The mean % relief of all objective parameters of
Group A and Group B was found to be 46.542

and 33.254 respectively, which indicates the
improved effects of MM 21 (Formulated
Hypothetical Compound) along with allopathic

medicine (Group A) on objective parameters.

lllll The mean %relief of all subjective parameters of
Group A and Group B was found to be 91.811 and

90.6766 respectively, which indicates good
effects of MM 21 (Formulated Hypothetical
Compound) (Group B) on subjective parameters.

lllll Statistical results prove that MM 21 (Formulated
Hypothetical Compound) along with allopathic
medicine proved to be an effective and

dependable remedy in the management of
Diabetes.

lllll All the patients tolerated the trial drug “MM 21

(Formulated Hypothetical Compound)” very well
with no complaints of any side effects/toxic
effects.

lllll “MM 21 (Formulated Hypothetical Compound)”
herbal formulation for management of Diabetes

proved to be an effective, safe, promising and
cost effective remedy.

lllll Some studies indicates most of the ingredients of

MM 21 (Formulated Hypothetical Compound)
shows synergistic effect (Azadirachta indica,
Momordica charantia, Curcuma longa, Zingiber

officinale, Gymnema sylvestre, Trigonella
foenum-graecum, Ficus racemose, Withania
coagulans etc.) with oral modern hypoglycemic

agents which shows the treatment in Group A is
more effective than treatment in Group B25.
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A Clinical Study to assess the Efficacy of Suktyadi Yog
in Rickets

*Dr.Vinod Kumar Swami,  **Dr. Rakesh Kumar Nagar, ***Prof. Ajay Kumar Sharma

Clinical Study

Abstract:

Rickets is defective mineralization or calcification of bones due to deficiency of vitamin D and calcium.

Rickets is among the most frequent childhood diseases in many developing countries, due to lack of adequate
calcium in the diet may also lead to rickets. The majority of cases occur in children suffering from severe
malnutrition, or starvation during the early stages of childhood.

 A clinical study was carried out to evaluate the efficacy of “Suktyadi Yog” (hypothetical drug
compound) as a Calcium Supplement. The clinical study was done in 61 patients selected from OPD & IPD of
Balroga Department, N.I.A.Jaipur. The drug was administered in the form of tablet at a dose of 10mg/kg/

day in 2 divided doses for 3 months in both Groups. After 3 months of treatment, in Group A Statistically
highly significant results were found; improvement in all clinical symptoms like Pain in Limbs, Bow Leg, Knock
Knee, Dental Deformity, Tooth Discoloration and Irritability. Grop B also showed significant improvement in

laboratorial parameters; Serum Calcium and Serum Alkaline Phosphatase. Therefore we can use Suktyadi
Yoga as a good alternative for the Calcium Supplement.

Key words- Calcium, Rickets, Suktyadi yog, Calcium supplement

‚Ê⁄Ê¢≥Ê -

∑Ò§ÁÀ‚ÿ◊ •ÊÒ⁄ Áfl≈Ê◊ËŸ «UË ∑§Ë ∑§◊Ë ∑‘ ∑§Ê⁄áÊ •ÁSÕÿÙ¥ ◊¥ Áfl∑Î§ÁÃ •Ê ¡ÊÃË „Ò, Á¡‚ Á⁄U∑§≈˜U‚ ∑§„Ã „Ò– Á⁄U∑§≈˜U‚
(•ÁSÕ◊ÎŒÈÃÊ) Áfl∑§Ê‚‡ÊË‹ º≥ÊÙ ◊ ’ÊÀÿÊflSÕÊ ◊ ‚’‚ •Áœ∑§ ¬ÊÿÊ ¡ÊŸ flÊ‹Ê ⁄Ùª Á⁄∑§≈‚ „Ò, ¡Ù Á∑§ ¬Ù·áÊ ∑§Ë ∑§◊Ë
∑‘ ∑§Ê⁄áÊ „Ù ⁄U„Ê „Ò–

 ¬˝SÃÈÃ •äÿÿŸ ◊¥ ’Ê‹∑§Ù ∑§Ë ∑Ò§ÁÀ‚ÿ◊ ∑§Ë ∑§◊Ë ∑§Ù ºÍ⁄ ∑§⁄Ÿ ∑‘ Á‹ÿ •ÊÒ·Áœ ≥ÊÈÄàÿÊÁº ÿÙª (∑§ÊÀ¬ÁŸ∑§ ÿÙª)
∑§Ê ∑Ò§ÁÀ‚ÿ◊ ¬Í⁄∑§ ∑‘ Ãı⁄ ¬⁄ ¬˝ÿÙª ∑§⁄∑‘ ºπÊ ªÿÊ „Ò– ª˝È¬ (∞) ∞fl◊˜ ª˝È¬ ’Ë ◊ 61 ’ìÊÊ¥ ∑§Ù •ÊÒ·Áœ (≥ÊÈÄàÿÊÁº ÿÙª)
∑§Ù ªÙ‹Ë ∑‘ L§¬ ◊¥ 10 Á◊.ª˝Ê./Á∑§.ª˝Ê. ◊ÊGÊ ¬˝ÁÃÁºŸ ºÙ ’Ê⁄ ◊¥ Áfl÷ÊÁ¡Ã ∑§⁄∑‘ ÁºÿÊ ªÿÊ– ÃËŸ ◊Á„Ÿ ∑§Ë ÁøÁ∑§à‚Ê ∑‘ ’Êº
ª˝Í¬ ∞ ◊¥ „ÊÕ-¬ÊflÊ¥ ◊¥ ºº¸ •ÁSÕÿÙ¥ ∞fl◊˜ ºÊÃı ∑§Ë Áfl∑§ÁÃ •ÊÒ⁄ Áø«∏Áø«∏Ê¬Ÿ •ÊÁº ‹ˇÊáÊÙ¥ ◊¥ ‚ÊÕ¸∑§ ‚ÈœÊ⁄ ºπÊ ªÿÊ–
¡’Á∑§ ÃËŸ ◊Ê„ ∑§Ë ÁøÁ∑§à‚Ê ∑§ ¬‡øÊÃ˜ ª˝Í¬ ’Ë ◊¥ ‚Ë⁄◊ ∑Ò§ÁÀ‚ÿ◊ •ÊÒ⁄ ‚Ë⁄◊ •À∑§‹ÊŸ »§ÙS»§≈ïÊ˜ ◊¥ ‚ÊÕ¸∑§ ‚ÈœÊ⁄ ¬˝Ê#
„È•Ê– ß‚ ¬˝∑§Ê⁄ ‚ ≥ÊÈÄàÿÊÁº ÿÙª ’Ê‹∑§Ù ◊ ∑Ò§ÁÀ‚ÿ◊ ¬Í⁄∑§ ∑‘ Ãı⁄ ¬⁄ ∞∑§ ’„ÈÃ •ë¿UÊ Áfl∑§À¬ „Ù ‚∑§ÃÊ „Ò –

*P.G.Scholar, **Asst. Prof., ***Former Director and Head  of Department,  Department of Balroga , National Institute

of Ayurveda, Jaipur Correspondence author, dr.vkswami@gmail.com Mob 9928427025
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Introduction:

Childhood period is considered as a period of

maximum growth, this growth is achieved when child
is supplied with proper balance diet/nutrition and
free from disease. But the nutritional status is very

poor in developing countries. Nutritional status plays
an imperative role in deciding the health status of
children. Deficiencies of micronutrients afflict more

than 50% of the world population, result in increased
morbidity and mortality rates, loss of productivity
and sometimes permanent impairment of cognitive

development in infants and children1. The
micronutrient deficiency is one of the aspects of
child malnutrition and India has 1/3rd of global 2

billion people suffering from vitamin and
micronutrient deficit; calcium deficiency.

Calcium, most important micro nutrient
component of diet, most ample mineral which help

in vascular contraction and vasodilatations,
muscular functions, nerve transmission, intracellular
signaling, hormonal secretion and supporting to bone

and teeth in the body2.

Asthi Kshaya was taken for the present study
in relation to Calcium deficiency, which is a

degenerative/metabolic disorder of the bone. It is a
condition in which there is decrease in the Asthi
Dhatu (Bone tissue) leading to many undesirable

effects. The important point to be noted is that, the
signs and symptoms of Asthi Kshaya3 i.e. Asthi-
Sandhi Shula, Kesha, Roma, Nakha, Danta Vikara/

Pata and Daurbalya are exactly the same as the
updated signs and symptoms of Calcium deficiency
mentioned in the contemporary science. Recently,

modern scientists have agreed that there is definite
association between hair, nails and teeth pathology
and Calcium deficiency.

Many drugs of Ayurveda which are described
in Sudha Varga holds the maximum calcium
element. Which used after well purification and

modification, these drugs could be use as calcium

supplement to the human.

Aims And Objectives

The Present research study has been planned

to conduct with following main objectives.

l To minimize the sign & symptoms of rickets by
using of study drug.

l To find out a better option for Calcium
Supplementation in children.

Material And Method

Following materials and methods were
adopted for conducting the present clinical trial.

Clinical Study

For this study, calcium deficient children and
normal children of age Group between 1-10years
were selected from OPD and IPD of Bal-roga

department of NIA Jaipur. Total 65 cases were
registered for the study, which of them 4 patient left
the trial in between, so rest 61 fall into two Groups;

30 cases in Group A and 31cases in Group B.

Group A: Trial drug in Ca- deficient children.

Group B: Trial drug in Normal children.

Trial Drug

The drug (Suktyadi Yog) was prepared in the
pharmacy of N.I.A., Jaipur, in tablet form in order

to enhance its palatability for easy administration in
children. Sukti Bhasma and Godanti Bhasma are the
main content of Suktyadi Yog, known as good source

of calcium which increases Calcium in body hence
relieve in clinical features of calcium deficiency.

Suktyadi Yog is a herbo-mineral preparation

containing following ingredients-

A Clinical Study to assess the Efficacy of Suktyadi Yog
in Rickets

Dr.Vinod Kumar Swami,  Dr. Rakesh Kumar Nagar, Prof. Ajay Kumar Sharma

Clinical Study
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Table No. I : Composition of the Suktyadi Yog

Name Scientific Name Use Part Quantity

* Sukti Bhasma Oyster Shell Bhasma 4.5 Part

* Godanti Bhasma Gypsum Calx Bhasma 4.5 Part

* Yashad Bhasma Calcined Zincum Bhasma 3 Part

* Sonth/Shunthi Zingiber officinale Rhizome 1 Part

* Marich Piper nigrum Fruit 1 Part

* Pippali Piper longum Fruit 1 Part

Dose And Duration

The proposed drug Suktyadi Yog was

prescribed in doses according to body weight of
children (10mg/kg/day) for 3 months.

Follow-Up

All patients were followed on an interval of
15 days i.e. on day 15, day 30, day 45, day 60, day
75, and day 90 after registration.  A window period

of +3 days was given to allow for holidays and
weekends.

Criteria To Be Adopted

A. Inclusion Criteria

1 . Age between 1-10 years

2. Calcium deficient children

B. Exclusion Criteria

1 . Hypocalcaemia (Serum calcium level below 5mg/
dl)

2. Congenital Anomalies.

3. Endocrinal disorder related to growth

4. Metabolic disorders.

5. Mal absorption Syndrome.

C. Discontinuation Criteria

1 . Appearance of complication during trial,

2. Any parent not willing to continue with the
medicine,

3. Presence of any other acute illness.

D. Assessment Criteria

Clinical Assessment:

Clinical assessment done by a pre designed

Performa based on clinical sign and symptoms of Ca

deficiency; Pain in limbs, Knock Knee, Bow Legs,
Dental deformity, Tooth Discoloration and
Irritability. Above mentioned clinical features were

used to evaluate the morbidity pattern of the child
and drug effect also.

Laboratory Assessment

In the laboratory assessment Serum-Calcium,
Serum Phosphorus and Serum Alkaline Phosphatase
tests were done in both Groups. These investigations

carried out to rule out the underlying illness and for
establishment of the efficacy of trial drug Suktyadi
Yog in calcium deficient patients.

Radio- logical Assessment

X-ray of wrist Joint done in both groups

E. Adverse effect evaluation criteria

Clinical criteria were adopted to rule out
possible side effects of the study drugs. It included
the documentation of information related to change

in appetite, sleep, abdominal features, drowsiness,
irritability etc.

F. Analysis and Statistical methods to be used.

Observation data of study period were
analyzed & findings evaluated by using statistical
analysis to establish the efficacy of trial drug.

Observations

v In the present study highest numbers of patients
(39.34%) were in 1to 4 year’s age Group with

male predominance (55.73%) over females.

v Maximum numbers of patients (67.22%) belongs
to nuclear family in compare to joint family and

majority of patients were from low
socioeconomic status families (41%).
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v Hindu constitutes 67.21% in comparison of
31.14% Muslims and majority of patients

(81.96%) in present study belongs to urban
region.

v In present study maximum patients (47.54%)

having Vata-Kapha Prakriti whereas 27.86%
patients were from Vata-Pitta Prakriti.

v Present study holds maximum number of

patients from Avara satva in71% and Manda-
Agni in 93.33% patients in Group A and 48.38%
in Group B.

v Out of registered 61 patients 25(40.98%) of them
consuming 250 to 500 ml milk per day while
18(31.14%) patients were consuming below

250ml milk per day and 17(27.86%) patients

were taking more than 500ml milk per day and
26 (42.62%) children having sunlight exposure

between 1 to 2 hours per day whereas
21(34.42%) having sunlight exposure more than
2 hours per day.

v It was observed that out of 30 enrolled patients
in Group A, maximum 28 (93.33%) patients were
suffered from  Pain in limbs, followed by 21(70%)

with Tooth discoloration, 16 (53.33%) with
difficulty in walking, 46.66% with bow Legs and
Dental deformity. Only 11(36.66) patients were

suffered from Knock knee.

v The mean serum calcium was found 8.95mg% in
Group A and 9.59 mg% in Group B.

Statistical Analysis

Table No. II Showing Statistical Analysis of Clinical Symptoms in Group A

Symptoms Mean N % SD SE ‘t’ ‘p’ Remark

B T A T Diff. (±) (±) Value Value

Pain in limbs 2.75 1.35 1.39 28 50.90 0.91 0 . 1 7 8.04 <0.0001 H.S.

Knock Knee 2.72 1.90 0.82 1 1 30.14 0.60 0.18 4.50 <0.0011 H.S.

Bowing Leg 2.28 1.64 0.64 1 4 28.15 0.49 0.13 4.83 <0.0003 H.S.

Dental Deformity 2.07 1.50 0.57 1 4 27.53 0.51 0.13 4.16 <0.0011 H.S.

Tooth 2.42 1.76 0.66 2 1 27.56 0.48 0.10 6.32 <0.0001 H.S.
Discoloration

Irritability 2.16 1.41 0.75 1 2 34.72 0.45 0.13 5.74 <0.0001 H.S.

The statistically highly significant result was observed in Group A as improvement in all clinical symptoms
with the drug Suktyadi Yoga as calcium supplement in calcium deficient.

Table No. III  Showing Statistical analysis of improvement in Serum Alkaline Phosphatase

after Treatment

Group           Mean S. Alk.Phosphatase. N % SD SE ‘t’ ‘p’ Remark

B T A T Diff. (±) (±) Value Value

Group A 584.93 541.53 43.40 30 7.41 21.81 3.98 10.89 <0.0001 H.S.

Group B 207.10 203.10 4.00 3 1 1.93 8.57 1.54 2.59 0.014 S.

The statistically highly significant result was observed in Group A as improvement in Serum Alkaline
Phosphatase with ‘p’ value<0.0001, whereas this is significant in Group B with ‘p’ value 0.01 with the drug

Suktyadi Yoga as calcium supplement.
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Table No. IV Showing statistical analysis of improvement in Serum Calcium after
Treatment in both Groups

Group                 Mean T.S.Ca. (mg) N % SD SE ‘t’ ‘p’ Remark

B T A T Diff. (±) (±) Value Value

Group A 8.95 9.23 -0.27 30 3.07 0.27 0.50 5.46 <0.0001 H.S.

Group B 9.59 9.62 0.03 3 1 0.31 0.01 0.03 2.25 <0.02 S.

The statistical analysis shows that improvement in Serum Calcium after treatment is highly significant in
Group A with ‘p’ value<0.0001 and significant in Group B with ‘p’ value<0.02.

Table No. V Showing Statistical analysis of gain in Serum Phosphorus after Treatment in

both Groups

Group Mean T.S.P. (mg ) N % SD SE ‘t’ ‘p’ Remark

B T A T Diff. (±) (±) Value Value

Group A 3.21 3.40 -0.19 30 5.91 0.15 0.02 6.36 <.0001 H.S.

Group B 3.32 3.34 -0.02 3 1 0.60 0.08 0.01 1.29 0.20 N.S.

The statistical analysis result shows that gain in serum phosphorus after treatment is highly significant in

Group A with ‘p’ value<0.0001 and insignificant in Group B with ‘p’ value>0.20.

Table No. VI Showing Statistical analysis of X-ray of Wrist Joint after Treatment

Group                   Mean N % SD SE ‘t’ ‘p’ Remark

B T A T Diff. (±) (±) Value Value

Group A 1.30 1.20 0.10 30 7.69 .40 .07 1.36 0.1841 N.S.

Statistical analysis of changes in X-ray of Wrist joint after treatment is not significant in Group A with ‘p’
value 0.1841 and no change observed in Group B (healthy group).

vvvvv After treatment in Group A; improvement observed in all clinical features with highly significant result,

significant improvement in serum phosphorus level, highly significant in total Serum Calcium and serum
Alkaline Phosphatase level whereas significant improvement noticed in Serum Calcium and Serum Alkaline
Phosphatase in Group B.

Graph no.1 Showing Comparison of Clinical Symptoms (BT Vs AT) in Group A
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Graph no.2 Showing Comparison of Lab Parameters (BT Vs AT) in Group A

Discussion

Age- Out of 61 registered patients, 39.34%
patients were present in between 1-4 years age and
32.78% in 4-7 years age range. The high incidence

in 1-7 yrs age may be attributed to be improper
weaning, poor feeding habits, imbalance diet and
poor care by parents along with may be less

exposure to sunlight (minimum outdoor playing
activity in children).

Sex- male predominance with 60% was

observed over 40% females in Group A.
S.Chakraborty et al 2006 also reports higher
incidence of nutritional deficiency in males. The

higher incidence may be due to much awareness’ of
parents for the male child in Indian culture.

Type of Family- Majority of patients

67.22% from nuclear family in compared to 32.78
% from joint. This is may be due to less care of
children in nuclear families in the case of working

parents, if no older person or absence of caretaker
for children in the family or home.

Socio-Economic Status- In study majority

of patients 25 (40.98%) found from lower class and
34.42%, 18.03% were from middle lower class &
middle class respectively. High incidence of

malnutrition in lower Socio Economic status due to
poverty, poor purchasing capacity, illiteracy, poor
hygiene, poor mother health, less exposure to sun

light, improper diet and higher risk of infections.

Age of Weaning – In the majority of
patients weaning were done between the age of 6

to12 months i.e. 62.29% and after the age of 12

months in 22.95% patients. Late weaning is one of

the major reasons of Calcium deficiency in children.

Dietary Pattern- Out of 61 registered
patients, 54.09% patients consuming Vegetarian diet

whereas 45.91% patients having mixed dietetic
history. This present data shows that dietary pattern
is not significantly related to calcium deficiency in

patients.

Prakriti- Maximum 47.54% patients having
Vata-Kapha Prakriti and Vata-Pitta Prakriti in 27.86
patients. The main Dosha in both Prakriti are Vata

and Vataja Dusthi/etiologies are the main causes in
malnutrition (Dhatu Kshaya).

Satva- This study data showing that

maximum number of patients i.e.71% from Avara
Satwa and remaining are from Madhyama Satva.

Sara- Maximum 56.66% patients were found

with Twak Sara and 14.75% in Mamsa Sara.  Only
one patient i.e. 3.33% of total in Group A present
with Asthi Sara and not a single patient were found

with Shukra Sara.

Status of Agni- Manda-Agni was most
common type of Agni in overall 70.49% patients in

both Groups. In Group A 93.33% patients and 70%
patients in Group B have Manda-Agni at the time of
registration. This study also indicates the most

popular principal of Ayurveda that Manda-Agni is
the root cause of Dhatu Kshaya.

Status of Milk Intake- Overall 50%

patients in Group A were consuming between 250 to
500ml milk per day and 33.33% patients taking less
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than 250 ml milk per day. Milk plays an important
role in calcium supplementation of body due to its

rich calcium concentration; less intake of milk will
cause calcium deficiency.

Status of Exposure to Sun light- In

Group A 36.66% patients given history for Sun Light
exposure in the range between 1 to 2 hours per day,
followed by less than 1 hour per day Sun Light

exposure in 30% patients. Sun light exposure plays
the key factor role in calcium absorption by
conversion and activation of Vit.D, so less exposure

to sun light can cause calcium deficiency.

Discussion On The Effect Of Therapy

In present study patients were treated in two

individual Groups i.e. Group A - calcium deficient and
Group B - healthy children, with Suktyadi Yog tablet.
The clinical efficacy of the drug was analyzed

statistically on all parameters mentioned in the
assessment criteria. A scoring structure was
employed to evaluate the effectiveness of therapy.

Scoring of chief clinical features was done before and
after treatment.

Thus the obtained results in each Group were

statistically analyzed by using “Student’s paired‘t’
test” for the variation and significance of effect seen
in individual Groups. More specific quantification of

the percentage improvement in each feature the
formula BT-AT/BT x 100 was applied.

All the parameters adopted i.e. Clinical

Features; Laboratorial Values and Radiological
findings were statistically analyzed and after getting
the result of every parameter being discussed at this

juncture.

On overall evaluation the patients of Group
A has better outcome in comparison to Group B, this

result may be because of action of drug compound
which acts on the pathogenesis of Asthi Kshaya and
maintaining the homeostasis the status of Agni in

patient. There is rapid recovery found in Group A,
it may be due to formation of Prasahasta Dhatu in
patients with the trial drug Suktyadi Yog but no any

major significant change reported at the end of study
in Group B (only healthy children).

Pain in limbs- The effect of the drug on pain

in limbs was slow in starting but in the end of study

51% improvement noticed in affected patients with
p value <0.0001 in Group A. The drug compound

contains Shoolhara and Jvarahara properties like
Godanti and Sukti Bhasma, which decreases the pain
in limbs4.

Knock knee- 30.14% improvement found in
the condition of Knock knee at the end of study with
trial drug Suktyadi Yog; statistically highly significant

for Group A (p value <0.0011).

Bowing leg- 28.15% improvement noticed
in Bow Legs with highly significant result (p value

<0.0003) for Group A; which indicate good response
of trial drug Suktyadi Yog. The calcium as major
component of trial drug increases the bone mass and

responsible for normalizing the bone’s curvature &
strong bones.

Dental Deformity: In the end of study trial

drug show the 27.53% improvement in affected
patients, statistically highly significant in Group A (p
value <0.0011) and reflecting good response of drug

on Dental deformity.

Tooth Discoloration: In the end of the
study 27.56% improvement in tooth discoloration

noticed in total number of affected cases, this result
is Statistically highly significant in Group A (p value
<0.0001) and reflecting good response of drug on

Tooth discoloration. Calcium also works as a
chelating agent which decreases the staining toxicity
of metals5.

Irritability in the end of study there are
34.72% improvement noticed in irritability
incidence, it’s statistically highly significant in Group

A (p value <0.0001).  The trial drug Suktyadi Yog
ingredients’ contain Tikta Rasa, which mainly
contain Vayu and Akaash Mahabhoot and as per

Ayurveda principals “Akaash Satva Bahulo”, Satva
Guna decreases the irritability and play an important
role at the level of CNS. A clinical study results also

indicate that calcium prevents the loco motor
behavioural disorder (P.Ekamboram et Al 2001).

Mode of Action of the Drug

‚fl¸ºÊ ‚fl¸÷ÊflÊŸÊ◊˜ ‚Ê◊Êãÿ◊˜ flÎÁh∑§Ê⁄áÊ◊˜–6

The main ingredients of Suktyadi Yog are
Sukti Bhasma and Godanti Bhasma. Mukta-sukti
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Bhasma and Godanti placed in Sudha Varga are the
natural source of trace element i.e. Fe and minerals

(calcium) having similarities with bone and its
components of human body. So these drugs can fulfill
the calcium requirement of human being, in such a

way these drugs can be used in nutritional/mineral
deficiency. Mode of action of the drug can be
attributed to the various pharmacodynamic

properties of the contents of “Suktyadi Yog”. The
trial drug possesses three Rasa excluding Amla,
Lavana and Kashaya Rasa but mainly Madhura,

Katu and Tikta Rasa, Madhura and Katu Vipak,
Sheeta as well as Ushna Veerya. The properties of
contents are balancing each other by having Laghu,

Snigdha, Ruksha, and Sheeta Guna. They are mainly
Kapha-Vata Shamak and holds therapeutic properties
like Deepana, Pachana, Rochana, Shoolprashamana,

Vatanuloman, Srotoshodhak, Jwaraghana and
Shothahara etc. therefore these properties are
helpful in breaking the Samprapti/pathogenesis of

Asthi Kshaya, balancing  Doshas and qualitative as
well as quantitative increase in the Asthi Dhatu.

l Calcium is the main component of chemical

composition of Sukti Bhasma and Godanti
Bhasma, about 50% of total ash value. In calcium
deficient children all symptoms of calcium

deficiency relieved after the using of trial drug
as a Calcium supplement.

l Antioxidant activity of Yashada Bhasma

(Santosh et Al.2013) has detoxified the body’s
toxins7.

l Pippali, Marich and Shunthi are both digestive

and increase bioavailability of various nutrients
at GIT & plasma level as well as tissue & cellular
level. (QAZI, et al, 2002)

Conclusion

Following conclusion can be drawn from the
present research work:

l Low socioeconomic status, nuclear family, lack
of exposure to sunlight,   poor hygiene, late
introduction of solid food items or diary

products and acute infectious diseases are the
chief predisposing factors for calcium deficiency
along with poor nutrition.

l Children with Vata predominant Sharirika

Prakriti are more prone to develop nutritional
disorder (Dhatu Kshaya).

l Present research work shows that trial drug;
Suktyadi Yog can provide better calcium
supplement in mild to moderate calcium

deficiency condition.

l Study drug; Suktyadi Yog show highly significant
improvement in clinical features of rickets like

Tooth discoloration, Painful bones, Knock-Knees,
Bowing Leg, Irritability and Dental Deformity.

l No adverse effects of the drug were observed

during the study period; therefore the study drug
can be advice as a calcium supplement in
calcium deficient as well as in healthy children.
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Abstract

In this modern era use of intoxicating beverages, canned food, irregular eating and sleeping habits,
usage of various synthetic drugs have taken modern man to a world, where immunity is declining day after
day and many diseases are evolving. The immune system, which is one of the most complex and intriguing

system of the body, declines when the body is formed of unwholesome (toxic) substances (dushivisha) and
then the body attempts to eliminate these toxins. One of the routes of elimination of the unwanted product
is the skin, so manifestation of skin disease occurs. Ayurveda provides us with detailed information about

toxins, their management and methods of purging these poisons out of the body.The drug Sidharthakadi
Agad, which is a classical formula of Charaka Samhita, was selected to study. In this present research work
75 patients of Dushivishjanya Vikar with Special Reference to Allergic Eruptive Disorders of the Skin were

randomly dividing into three groups. Patients of Group A were given Sidharthakadi Agad only for internal
use in 2 tablets (500 mg) three times a day and group B were given Only local application or lepa on the
skin lesions and group C were given both the formulations simultaneously. The analysis of the relief percentage

of the Sammuchya Lakshnas (overall symptoms) shows that the percentage relief for Group A patients was
34.25% and that for Group B was somewhat lower (25.34%). The relief was maximum for group C (69.52%).The
combined effect (when both external and internal medication was administered) has had the best effect with
improvements ranging between 52% and 83%. In case of hematological analysis, there were some

improvements in Group A and C. So it is an effort to search effective Ayurveda treatment for this disease.

Key Words:- Dushivishjanya Vikar, Sidharthakadi Agad, Toxic substances etc.

‚Ê⁄Ê≥Ê¢-

•ÊœÈÁŸ∑§ ÿÈª ◊Ò •ÁŸÿÁ◊Ã •Ê„Ê⁄ Áfl„Ê⁄ ∑‘ ∑§Ê⁄áÊ √ÿÊÁœ ˇÊ◊ÃÊ ÁºŸ ¬˝ÁÃÁºŸ ∑§◊ „Ù ⁄„Ë „Ò– ¡’ „◊Ê⁄ ≥Ê⁄Ë⁄ ◊Ò
∑§ß¸ ºÈ·Ë Áfl· ‚¢ÁøÃ „Ù ¡ÊÃ „Ò Ã’ „◊Ê⁄Ê ≥Ê⁄Ë⁄ àfløÊ ∑‘ ◊Êäÿ◊ ‚ ßŸ Áfl·Ù¥ ∑§Ù ≥Ê⁄Ë⁄ ‚ ’Ê„⁄ ÁŸ∑§‹ÃÊ „Ò– •ÊÿÈfl¸º ◊¥
ºÈ·Ë Áfl· ∑§Ë ÁøÁ∑§à‚Ê ∑§Ê ÁflSÃÊ⁄ ‚ fláÊ¸Ÿ Á∑§ÿÊ „Ò–

¬˝SÃÈÃ ≥ÊÙœ ¬G ◊Ò Á‚hÊÕ¸∑§ÊÁº •ªº ¡Ù ø⁄∑§ ‚¢Á„ÃÊ ◊Ò flÁáÊ¸Ã „Ò ß‚∑§Ê •ãÃ— fl flÊs ¬˝ÿÙª ºÍ·Ë Áfl· ¡ãÿ
àfløÊ Áfl∑§Ê⁄Ù ◊¥ Á∑§ÿÊ ªÿÊ „Ò– ß‚ •äÿÿŸ ◊Ò 75 ⁄ÙÁªÿÙ¥ ∑§Ê øÿŸ Á∑§ÿÊ ªÿÊ „Ò– flª¸ “∞” ∑‘ ⁄ÙÁªÿÙ¥ ∑§Ù Á‚hÊÕ¸∑§ÊÁº
•ªº ÁºŸ ◊Ò 3 ’Ê⁄ 2-2 ªÙÁ‹ÿÊ πÊŸ ∑‘ Á‹∞ ºË ªÿË flª¸ ’Ë ∑‘ ⁄ÙÁªÿÙ¥ ∑§Ù Á‚hÊÕ¸∑§ÊÁº •ªº ∑§Ê ‹¬ àfløÊ ¬⁄  flÊs
¬˝ÿÙª ∑‘ Á‹∞ ÁºÿÊ ªÿÊ– flª¸ ‚Ë ∑‘ ⁄ÙÁªÿÙ¥ ∑§Ù ºÙŸÙ¥ ÿÙª ∞∑§ ‚ÊÕ Áº∞ ª∞– flª¸ ∞ ∑‘ ⁄ÙÁªÿÙ¥ ∑§Ê ‹Ê÷ 34.25 ¬˝ÁÃ‡ÊÃ
⁄„Ê– flª¸ ’Ë ∑‘ ⁄ÙÁªÿÙ¥ ∑§Ê 25.34 ¬˝ÁÃ‡ÊÃ •ÊÒ⁄ flª¸ ‚Ë ∑‘  ⁄ÙÁªÿÙ¥ ∑§Ê ‹Ê÷  ¬˝ÁÃ‡ÊÃ •Áœ∑§Ã◊ ⁄„Ê ¡Ù 69.52 ¬˝ÁÃ‡ÊÃ ÕÊ
⁄Q§— ‚ê’¢ÁœÃ ¬⁄ËˇÊáÊÙ ◊Ò flª¸ ∞ •ÊÒ⁄ ‚Ë ◊Ò •ë¿UÊ ‹Ê÷ Á◊‹Ê– •Ã— Á‚hÊÕ¸∑§ÊÁº •ªº ∑§Ê •ãÃ— fl flÊs ¬˝ÿÙª ºÈ·Ë
Áfl· ¡ãÿ àfløÊ Áfl∑§Ê⁄Ù ◊Ò ¬˝÷ÊflË „Ò–
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Introduction

Due to industrialization and heavy traffic one

constantly comes into contact with various
pollutants. Use of intoxicating beverages, canned
food, irregular eating and sleeping habits, usage of

various synthetic drugs have taken modern man to
a world, where immunity is declining day after day
and many diseases are evolving. The pesticide

residues in fruits and vegetables, adulterated food
products, polished rice and pulses have added to the
health concerns.

The immune system, which is one of the most
complex and intriguing system of the body, declines
when the body is formed of unwholesome (toxic)

substances (dushivisha)1 and then the body attempts
to eliminate these toxins. One of the routes of
elimination of the unwanted product is the skin, so

manifestation of skin disease occurs. Ayurveda
provides us with detailed information about toxins,
their management and methods of purging these

poisons out of the body. The concept of Dushivisha2,3

with special reference to allergic skin disorders4 are
clearly mentioned in Caraka Samhita, Sushruta

Samhita and other ancient ayurveda texts. Some of
the skin problems caused by Dushivisha, which are
described in Samhitas are kustha5, visharpa, bhinna

varna (discoloration of skin), shonit dushti6,
shitapitta, udarda and kotha7,8. The cause of all these
diseases is dushivisha which is enhanced by

indulgence in unsuitable foods produced by the
toxins formed which can be correlated with allergic
disorders. These can be prevented by following

healthy eating habits and if such diseases do occur,
they can be cured through Ayurveda. Modern
medicine not having any remedy for permanent cure

but remission of the disease can be achieved
administering the medicine. Patients have to take
those medicines for lifetime, which are having some

unwanted side effects. Ayurveda can provide better
and permanent management.

Aims & Objectives

1 . To elaborate the concept of dushivisha regarding
allergic eruptive skin disease.

2. To provide relief from allergy problems like

eruptive skin disorders by using ayurvedic
preparations well mentioned in classical texts to
treat such problems.

3. To conduct clinical trials to see the anti-toxic
effect of Sidharthakadi Agad by internal,
external and combined use.

4. To clinically assess the efficacy of this specific
ayurvedic treatment9,10 for this specific
pathological condition of the patient caused by

Dushivisha and not well explained in modern
texts.

5. To assess availability of the dushivisha as a cause

of different kinds of allergic skin disorders in
different forms other than direct poison.

Materials & Methods

The patients, their profile, the drug prepared
in the pharmacy of the NIA and the laboratory of
NIA were the materials of this study.

Trial Drug- Sidharthakadi Agad11

The drug Sidharthakadi Agad, which is a
classical formula of Charaka Samhita, was selected

to study as test drug after a detailed classical survey.
It was then prepared in the pharmacy of the
National Institute of Ayurveda, Jaipur by

maintaining all classical aspect of drug preparation
for external and internal use of the same drug.

Siddharthaka (Sarshapa), Vacha, Hingu,

Karanja, Devdaru, Manjistha, Haritaki, Bibhitaka,

An Antitoxic Study of Sidharthakadi Agad in Dushivishjanya
Vikar with Special Reference to Allergic Eruptive

Disorders of the Skin

Dr. Anita Gautam, Dr. Bhawana Mittal, Dr. Anita Sharma, Prof. Vinod Kumar Gothecha

Clinical Study
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Amala, Shveta (Aparajita), Katabhitwaka
(Shvetashirisha), Sunthi, Maricha, Pippali, Priyangu,

Shirisha, Haridra, Daruharidra – take equal parts
and make a paste in Basta mutra (male goat’s urine).
(Ch.Chi.9/69-72)

Table - I Doshanghnata wise distribution of
18 drugs of Siddharthakadi Agada

Doshanghnata No. of drug %

Tridosha 06 33.33

Vatakapha 0 7 38.89

Kaphapitta 02 11.11

Pitta 0 1 05.56

Kapha 0 1 05.56

Table - II Karma wise distribution of 18

drugs of Siddharthakadi Agad

Karma of drug No. of drug %

Vishaghna 08 44.44

Krimighna 1 2 66.67

Jvaraghna 1 0 55.56

Pleehaghna 03 16.67

Ruchikara 08 44.44

Deepana 08 44.44

Pachana 04 22.22

Vishama 04 22.22
Jvaraghna

Raktadoshahara 09 50.00

Twakdoshahara 0 7 30.89

Dahashamaka 04 22.22

Chhardihara 06 33.33

Table - III  Rasa wise Distribution of 18
drugs of Siddharthakadi Agad

Rasa No. of drug %

Tikta Rasa 1 3 72.22

Katu Rasa 1 0 55.56

Kashaya Rasa 08 44.44

Madhura Rasa 0 5 27.78

Grouping of patients

For the present study, the patients were

divided into three groups:

Group A: Sidharthakadi Agad only for
internal use in 2 tablets (500 mg)  three times a day

Group B: Only local application or lepa on
the skin lesions. Thin lepa of the drug was advised.

Group C: Sidharthakadi Agad was

administered in the same doses as in Group A
patients and along with that external lepa of
Sidharthakadi Agad was administered as given to

Group B patients.

Plan of study

Criteria of selection of patients

It is very difficult to identify the exact cause
of the diseases as in pradhanik hetus we can only
decide the exact causative relationship between

cause and effect or hetus and the disease but it has
been mentioned in the texts. Therefore availability
of hetu used or practices can only provide an idea

or support the idea that this disease was caused by
a hetu, and therefore, after careful survey of the text
and scientific analysis of symptoms and signs of the

Dushivisha it has been decided that only those
symptoms which are affecting the skin or appearing
on the skin be taken as criterion of selection of

patients for the present study. Presence of any ten
symptoms on the skin along with history of intake
of Dushivisha or history of intake of such dietic

articles that may have Dushivisha inside them or with
them was selected for study through a specifically
prepared proforma.

Inclusion criteria :

1 . Patients of age group b/w 16-70 years.

2. Patients of either sex (Male / Female).

3. Subjects with signs and symptoms of
Dushivishjanya Vikar with Special Reference to
Allergic Eruptive Disorders of the Skin.

4. Subjects who will be ready to give written
informed consent.
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Exclusion criteria :

1 . Patients of burn

2. Patients of severe infectious disease

3. Patients of psoriasis

4. Patients of leucoderma and leprosy

5. Patients of herpies

6. Patients of measles

7 . Any skin lesions having no sensation

Subjective diagnostic parameters

1 Itching

2 Redness

3 Burning

4 Shoth/Inflammation

5 Acne due to allergy

6 Photosensitivity

7 Hyperpigmentation

8 Elevated skin lesion

9 Shonit Dusti Lakshan

1 0 Tod

Objective diagnostic parameters- Lab.

Investigations

To assess the Raktadushti, following
haematological investigations were planned:

Blood, Hb%, TLC, DLC, ESR ,TEC, IgE.

Grading of the symptoms:

The efficacy of the drugs were judged on the

basis of the scoring pattern described as below.

0 – Nil, 1 – Mild, 2 – Moderate, 3- severe, 4-
Severe symptoms with associated symptoms

Follow up study

Follow up study was carried out at the
interval of one month after the completion of full

treatment schedule.

Group A : In group A recurrence was
observed in 2 patients i.e. 25% of  the total patients.

Group B: Recurrence was observed in 4
patients i.e. 50% of the total patients.

Group C: In Group C recurrence was
observed in only 1 patient i.e. 11.11%

So, it can be concluded that Group C may

provide better Vyadhi bala Virodhi prabhava.

Samprapti Vighatana

We have seen that most of the ingredients are

of Tikta rasa which is highly pitta shamak, Rakta
shodhak and also vishaghan, so this rasa perfectly
effect on the visha.

External use will subside the dosha or the
disease situated at the site, i.e skin which is
Pratilomsamprapti vighatan by the elimination of

Vyadhilinga i.e. Vartidansh Shoth and by
Sidharthkadi Agad ghansatwa tablets.

Anulom Samprapti Vighatan by removing

effect of Virudhahar, Atiahar by providing strength
to Agni and removing agnimandaya with effect
shunthi, marich, pippali etc. Besides this Karanja,

Devdaru, Manjistha, Katbhitwak are not only blood
purifier but also Twakdoshahar.

Some of them are Vishagna and some are

Dushivishaghan so we can say that it is perfect
planning to destroy the samprapti at various levels
by external and internal use of tested drug at the

beginning of Samprapti that Jatharagnidusthi at the
middle of samprapti and Shonitdushti at the climax
Twakdushti as planned.

The results were presented in the chapter of
observations and discussion in the form of tables
duly presented, calculated, analysed and tested

statistically and recognized in a scientific manner to
test its significance.

The results show that the combined effect of

Sidharthkadi Agad tablets and Sidharthkadi Agad
lepa prepared in Basta mutra gave best results which
were statistically highly significant on particularly

skin lesion.
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Results

Table IV showing statistical analysis of Effect of Siddharthakadi Agad on Cardinal symptoms
before/after treatment of 30 days in 25 patients of Dushivishjanya vikaar (Group A)

Symptoms n Mean Mean S.D. S.E. t p

B.T. A.T. Diff. % (±) (±) Value Value

Itching 8 2.75 2.00 0.75 27.27% 1.16 0.41 1.82 < 0.1

Burning 7 2.43 1 . 7 1 0 . 7 1 29.41% 1.25 0.47 1.51 < 0.1

Redness 8 2.38 1.63 0.75 31.58% 1.28 0.45 1.66 < 0.1

Inflammation 8 2.25 1.38 0.88 38.89% 1.55 0.55 1.59 < 0.1

Acne due to allergy 5 2.40 1.20 1.20 50.00% 1.64 0.73 1.63 > 0.1

Photosensitivity 2 2.50 2.00 0.50 20.00% 0 . 7 1 0.50 1.00 > 0.1

Hyperpigmentation 3 2.67 1.67 1.00 37.50% 1.00 0.58 1.73 > 0.1

Wheal formation 8 2.50 1 .75 0.75 30.00% 1.16 0.41 1.82 < 0.1

Shonit Dushti Lakshan 8 2.50 1.63 0.88 35.00% 1.64 0.58 1.51 < 0.1

Tod 5 2.20 1.20 1.00 45.45% 1.22 0.55 1.83 > 0.1

Nidanokt Samprapti of Dushivishajanya Vikaar Figure-1
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The analysis of the data of patients of Group A shows that maximum relief was observed in Acne due
to allergy (50%) followed by Tod (45.45%), inflammation (38.89%) and hyperpigmentation (37.50%). For

rest, the relief percentage was somewhat lower. Analysing the data statistically, the treatment proved to be
insignificant for all symptoms mentioned in the table.

Table V showing statistical analysis of Effect of lepa of Siddharthakadi Agad on Cardinal

symptoms before and after treatment of 30 days in 25 patients of Dushivishjanya vikaar
(Group B)

Symptoms n Mean Mean S.D. S.E. t p

B.T. A.T. Diff. % (±) (±) Value Value

Itching 8 2.38 1.88 0.50 21.05% 0.76 0.27 1.87 < 0.1

Burning 7 2.29 1 . 7 1 0.57 25.00% 0.98 0.37 1.55 > 0.1

Redness 8 2.25 1 .75 0.50 22.22% 1 . 0 7 0.38 1.32 < 0.1

Inflammation 8 2.13 1.50 0.63 29.41% 1.06 0.38 1.67 < 0.1

Acne due to allergy 3 2.67 1.67 1.00 37.50% 1.00 0.58 1.73 > 0.1

Photosensitivity 4 3.00 2.50 0.50 16.67% 0.58 0.29 1.73 > 0.1

Hyperpigmentation 2 2.50 2.00 0.50 20.00% 0 . 7 1 0.50 1.00 > 0.1

Wheal formation 8 2.75 2.13 0.63 22.73% 1.19 0.42 1.49 > 0.1

Shonit Dushti Lakshan 8 2.50 1.88 0.63 25.00% 1.06 0.38 1.67 < 0.1

Tod 4 2.00 1.25 0.75 37.50% 1.26 0.63 1.19 > 0.1

Group B analysis showed mild improvements with relief percentage ranging from 16% to 29%. Only

for Tod and Acne due to allergy (37.50%) the relief percentage was somewhat better. Statistically, the
improvement was insignificant.

Table VI showing statistical analysis of Effect of Siddharthakadi Agad (orally and lepa) on

Cardinal symptoms before and after treatment of 30 days in 25 patients of Dushivishjanya
vikaar (Group C)

Symptoms n Mean Mean S.D. S.E. t p

B.T. A.T. Diff. % (±) (±) Value Value

Itching 9 2.78 1.33 1.44 52.00% 1.01 0.34 4.27 < 0.001

Burning 7 2.43 0 . 7 1 1 . 7 1 70.59% 0.49 0.18 9.30 < 0.001

Redness 8 2.38 0.75 1.63 68.42% 0.74 0.26 6.18 < 0.001

Inflammation 9 2.33 0.56 1.78 76.19% 0.83 0.28 6.40 < 0.001

Acne due to allergy 4 3.00 0.75 2.25 75.00% 0.50 0.25 9.00 < 0.001

Photosensitivity 3 3.33 1.00 2.33 70.00% 0.58 0.33 7.00 < 0.010

Hyperpigmentation 2 3.00 0.50 2.50 83.33% 0 . 7 1 0.50 5.00 > 0.1

Wheal formation 9 3.00 0.89 2.11 70.37% 0.60 0.20 10.54 < 0.001

Shonit Dushti Lakshan 9 3.00 1.00 2.00 66.67% 0.50 0 . 1 7 12.00 < 0.001

Tod 7 2.14 0.86 1.29 60.00% 0.49 0.18 6.97 < 0.001
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Maximum relief was observed for inflammation (76.19%) and acne due to allergy (75%) in Group C.
For other symptoms also the results were encouraging with relief percentage above 50%. Statistically highly

significant improvement was observed for all the symptoms (Itching, Burning, Redness, Inflammation, Acne,
Photosensitivity, wheal formation, shonit dushti lakshan and Tod) except Hyperpigmentation for which the
results were insignificant as the number of patients was very less.

Table VII showing the effect of Effect of Siddharthakadi Agad on the Rakta dusthi10 of 25
patients in group A

Laboratory n Mean Mean S.D. S.E. t p

Investigation B.T. A.T. Diff. % (±) (±) Value Value

Hb Gm% 8 13.21 13.35 -0.14 -1.04% 0.30 0.11 1.31 > 0.1

TLC 8 8800 8562.50 237.50 2.70% 630.05 222.76 1 . 0 7 > 0.1

Neutrophils 8 55.63 54.00 1.63 2.92% 6.86 2.43 0.67 > 0.1

Lymphocytes 8 39.13 40.63 -1.50 -3.83% 7.62 2.69 0.56 > 0.1

Eosinophil 8 2.63 3.13 -0.50 -19.05% 0.93 0.33 1.53 > 0.1

Monocyte 8 2.63 2.25 0.38 14.29% 1.41 0.50 0.75 > 0.1

Basophil 8 0.00 0.00 0.00 #DIV/0! 0.00 0.00 0.00 N.D.

ESR 8 1 7 . 7 5 17.13 0.63 3.52% 1.85 0.65 0.96 > 0.1

TEC 8 224.38 218.50 5.88 2.62% 28.23 9.98 0.59 > 0.1

IgE 8 313.86 284.60 29.26 9.32% 80.41 28.43 1.03 > 0.1

The analysis of Group A patients shows that the maximum change occurred in Eosinophil count(19.05%)

followed by Monocyte (14.29%). Statistically, the data shows that the results were insignificant.

Table VIII showing the effect of Siddharthakadi Agad on the Rakta dusthi of 25 patients in
group B

Laboratory n Mean Mean S.D. S.E. t p

Investigation B.T. A.T. Diff. % (±) (±) Value Value

Hb Gm% 8 12.08 12.18 -0.10 -0.83% 0.24 0.08 1.18 > 0.1

TLC 8 7337.50 7237.50 100.00 1.36% 297.61 105.22 0.95 > 0.1

Neutrophils 8 56.63 57.13 -0.50 -0.88% 3.51 1.24 0.40 > 0.1

Lymphocytes 8 37.13 38.25 -1.13 -3.03% 4.12 1.46 0 . 7 7 > 0.1

Eosinophil 8 3.25 2.38 0.88 26.92% 1.25 0.44 1.99 < 0.025

Monocyte 8 3.00 2.25 0.75 25.00% 1.49 0.53 1.43 >0.1

Basophil 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N.D.

ESR 8 26.63 25.88 0.75 2.82% 3 . 7 7 1.33 0.56 > 0.1

TEC 8 224.38 231.00 -6.63 -2.95% 34.88 12.33 0.54 > 0.1

IgE 8 420.23 456.29 -36.06 -8.58% 218.80 77.36 0.47 > 0.1

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Journal of  Ayurveda Vol.XI No.4 Oct-Dec 2017

32

The analysis of Group B patients shows that the maximum change occurred in Eosinophil count
(26.92%) followed by Monocyte (25%). Statistically, the data shows that except for Eosinophil tests, which

gave highly significant results, rest were insignificant.

Table IX showing the effect of Siddharthakadi Agad on the Rakta dusthi of 25 patients in
Group C

Laboratory n Mean Mean S.D. S.E. t p

Investigation B.T. A.T. Diff. % (±) (±) Value Value

Hb Gm% 9 12.21 12.40 -0.19 -1.55% 0.36 0.12 1.56 < 0.1

TLC 9 6900.00 6088.89 811.11 11.76% 791.27 263.76 3.08 < 0.010

Neutrophils 9 56.22 58.22 -2.00 -3.56% 2.29 0.76 2.62 < 0.025

Lymphocytes 9 38.89 37.33 1.56 4.00% 2.70 0.90 1.73 < 0.1

Eosinophil 9 2.33 2.44 -0.11 -4.76% 0.93 0.31 0.36 > 0.1

Monocyte 9 2.56 2.00 0.56 21.74% 0.73 0.24 2.29 < 0.050

Basophil 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 N.D.

ESR 9 16.78 12.11 4.67 27.81% 4.33 1.44 3.23 < 0.010

TEC 9 175.22 159.67 15.56 8.88% 12.08 4.03 3.86 < 0.005

IgE 9 273.24 184.63 88.61 32.43% 45.53 15.18 5.84 < 0.001

Table shows that maximum improvement in the patients before and after treatments for Group C
patients was observed in IgE (32.43%) followed by ESR (27.81%) and Monocyte (21.74%). Statistical analysis
of the same showed that the results were highly significant for TLC, Neutrophils, Monocyte, ESR, TEC and

IgE. Rest of the tests showed insignificant results.

Total effect of therapy

Table no. X  Sammuchya Lakshana (Overall symptoms)

Groups n Mean Mean S.D. S.E. t p

B.T. A.T. Dif. %

Group A 1 0 2.46 1.62 0.84 34.25% 0.19 0.06 13.71 < 0.001

Group B 1 0 2.45 1.83 0.62 25.34% 0.16 0.05 12.50 < 0.001

Group C 1 0 2.74 0.83 1.90 69.52% 0.40 0.13 15.08 < 0.001
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Overall Improvement in the three Groups

The analysis of the relief percentage of the

Sammuchya Lakshnas (overall symptoms) from
Table & Fig. shows that the percentage relief for
Group A patients was 34.25% and that for Group B

was somewhat lower (25.34%). The relief was
maximum for group C (69.52%). The statistical
analysis of the same shows that the improvements

in all the three Groups were highly significant.

It can be inferred from the results that the
oral administration of the medicine has had a good

effect on the patients and results varied between20%
to 50% for various symptoms. The effect of lepa of
Siddharthakadi Agad the patients had somewhat

lower effect with improvements ranging between 16%
and 37%. The combined effect (when both external
and internal medication was administered) has had

the best effect with improvements ranging between
52% and 83%. In case of haemotological analysis,
there were some improvements in Group A and C.

However these were statistically insignificant. It has
been stated by Charaka that by administering
medicine.

““ÿÕÊ Á„ ¬ÁÃÃ¢ ¬ÈM§· ‚◊Õ¸◊ÈàÕÊŸÊÿÙàÕÊ¬øŸ˜ ¬ÈM§·Ù
’‹◊SÿÙ¬ÊºäÿÊÃ, ‚ ÁˇÊ¬˝Ã⁄◊¬Á⁄ÁÄ‹C ∞flÙÁûÊDÃ,””12

Means that by administering medicines, we
can only support the Bala or Vyadhi kshmatva of

such a patient who is capable to move or stand, so
if the disease is curable, treatment increases its
immunity. Our study also supports this theory of

Charaka that treatment increases Vyadhi kshmatva.

In Group A

Encouraging results were observed in

patients with Acne due to allergy (50%),Tod (45%),
Inflammation (39%) and Hyperpigmentation (38%).
Patients with redness got 31% relief, while those with

elevated skin lesions got 30% relief. The relief in the
burning and itching symptoms was 29.41% and
27.27% respectively.

In Group B

The analysis of Group B results showed that
for Tod and Acne due to allergy, the relief

percentage was 37.50% each. For other symptoms,
there were mild improvements with relief percentage
ranging from 16% to 29%.The results were

statistically insignificant for Group A and Group B.

In Group C

Maximum relief was observed for

inflammation (76.19%) and Acne due to allergy (75%)

Graph no. 1 Graph showing overall improvment in subjective criteria in all the group.
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in Group C. For other symptoms also the results were
encouraging with relief percentage above 50%.

Statistically highly significant improvement was
observed for all the symptoms (Itching, Burning,
Redness, Inflammation, Acne, Photosensitivity,

wheal formation, Shonit dushti lakshan and Tod)
except hyperpigmentation for which the results were
insignificant as the number of patients was very less.

Discussion:-

l The overall result was best when both external
and internal medication was administered as in

Group C.

l The concept of Dushivisha is the most important
and unique concept of ayurveda which can be

directly co-related with allergy. Dushivisha has
been described In (Su. Ka.2/25-26) by Acharya
Sushruta. According to him when a person is

afflicted by artificial or natural toxins, he is
treated with antitoxic treatments.

l Regarding dhatudushti, Chakrapani has

commented that “Dushivisha” vitiates the dhatus
after the lapse of a long time upon obtaining
favorable conditions. Explaining further,

Sushruta has mentioned that “when causative
factors like desha (place), kala (time), anna (diet)
and divaswapna (day sleep) are favourable for

dushivisha12, it will become more potent vitiating
dhatus leading to the manifestation of a disease.”
tatistically which were highly significant.

l Kandu/ itching: This sign was relieved by
27.27% in group A,by 21.05% in group B and by
52% in Group C. Obviously the results in Group

C were highly significant which shows that best
results are found when the drug is administered
internally as well as externally.

l Daha/burning : As far the daha was concerned
relief in this symptom was 29.41% in Group A,
25% in group B and 70.59% in group C. This

finding also showed that the results are
encouraging when a combined therapy (external
as well as internal) is given to the patients. The

results for Group C are highly significant.

l Redness/erythema: The percentage of relief in
redness observed in group A was 31.58%, group

B was 22.22% and in Group C it as 68.42%. The

statistical analysis showed highly significant
result in group C.

l Soth/inflammation: This sign was relieved by
38.89% in group A,by 29.41% in group B and by
76.19% in Group C. Better results are found in

case of oral administration of the drug but the
best results are found in Group C, which are
highly significant.

l Acne due to allergy: Pidika is one of the
cardinal symptom of the allergic skin problems.
In this study, this symptom was relieved up to

50% in group A and 37.50% in group B. It was
75% in Group C, hence it can be said that oral
administration had better results than external

application, but the combined therapy gave the
best results which are highly significant.

l Photosensitivity: The photosensitivity was

relieved by 20% in group A, 16.67% in group B
and 70% in Group C. The result was highly
significant in Group C, while the individual

applications were not much effective.

l Hyperpigmentation: The percentage of relief
in hyperpigmentation observed in group A was

37.50%, group B was 20% and 83.33% in group
C. Though the relief percentage in Group C is
very high, it is statistically insignificant as due to

very few number of patients the sample size was
very small.

l Wheal formation (elevated skin lesions):

This sign was relieved by 30% in group A, by
22.73 % in group B and by 70.37% in Group C.
The results were highly significant in Group C.

l Shonit dusti lakshan: The symptoms of
shonit dusti were relieved by 35% in group A, by
25% in group B and by 66.67% in group C. The

results were statistically highly significant.

l Tod: The relief percentage in burning sensation
on the lesions in group A was 45.45%, group B

was 37.50 and 60% in group C. The statistical
analysis showed highly significant result in Group
C.
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Conclusion :

Complete remission was noted in 77.78% of

patients in group C and marked improvement was
noted in 62.5% of patients in group A and 50% of
patients in group B. Moderate improvement was

noted in 62.5% of patients in group A and 50% of
patients in group B while the patients who remained
unchanged were 37.5% in group A and 50% in Group

B. It can be inferred from the results that the oral
administration of the medicine had a good effect on
the patients as compared to the lepa of

Siddharthakadi Agad. The combined effect (when
both external and internal medication was
administered) i.e. in group C gave the best results,

statistically which were highly significant.
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Abstract:

Hyperlipidemia is one such disorder which is identified as potential risk factor for multitudes of

diseases like cardiovascular diseases, metabolic syndrome and even hypertension. This is mainly due to
interplay of various lifestyles, genetic and environmental factors which have altered over the years due to
modernization. Though modern antihyperlipidemic drugs are available, but they have their own potential

adverse effects. Present study was undertaken to reduce the increased levels of lipids in the blood and
complications of hyperlipidemia using herbs that have minimal adverse effects. The present study was
intended to evaluate the comparative effect of Moorchita tila taila as shaman sneha and Navaka Guggulu

in hyperlipidemia. Totally 40 subjects were recruited and randomized equally in two groups, Group A subjects
were administered Moorchita tila taila and Group B subjects were administered Navakaguggulu for one
month duration. 12 hours fasting Lipid profile was done before and after the treatment. Data was collected

before and after treatment and analyzed using student’s ‘t’ test. Study revealed statistically significant results
in reduction of lipid levels and body weight.

Keywords: Hyperlipidemia, Medoroga, Shamana Snehapana, Moorchitatilataila, Navaka Guggulu.

‚Ê⁄UÊ¥‡Ê-

„Êß¬⁄Á‹Á¬«UÊßÁ◊ÿÊ ∞∑§ ∞‚Ê Áfl∑§Ê⁄ „Ò ¡Ù Nºÿ ⁄ÙªÙ¥, ◊≈Ê’ÙÁ‹∑§ Á‚¢«˛Ù◊ •ÊÒ⁄ ÿ„Ê¢ Ã∑§ Á∑§ ©ìÊ ⁄Q§øÊ¬ ¡Ò‚Ë
’Ë◊ÊÁ⁄ÿÙ¥ ∑‘ Á‹∞ ‚¢÷ÊÁflÃ ¡ÙÁπ◊ ∑§Ê⁄∑§ ∑‘ M§¬ ◊¥ ¬„øÊŸÊ ¡ÊÃÊ „Ò¥– ÿ„ ◊ÈÅÿ M§¬ ‚ ÁflÁ÷ÛÊ ¡ËflŸ ≥ÊÒ‹Ë, •ÊŸÈflÊ¢Á≥Ê∑§
•ÊÒ⁄ ¬ÿÊ¸fl⁄áÊËÿ ∑§Ê⁄∑§Ù¥ ¬⁄ •ÊœÊÁ⁄Ã „Ò, ¡Ù •ÊœÈÁŸ∑§Ë∑§⁄áÊ ∑‘ ∑§Ê⁄áÊ ’º‹ ª∞ „Ò¥– „Ê‹Ê¢Á∑§ •ÊœÈÁŸ∑§ ∞¢≈Ë„Êß¬⁄Á‹Á¬«UÁ◊∑§
ºflÊ∞¢ ©¬‹éœ „Ò¥, ‹Á∑§Ÿ ©Ÿ∑‘ ¬Ê‚ •¬Ÿ ‚¢÷ÊÁflÃ ¬˝ÁÃ∑Í§‹ ¬˝÷Êfl „Ò¥– „Êß¬⁄Á‹¬Ë«UÊßÁ◊ÿÊ ∑‘ ⁄Q§ •ÊÒ⁄ ¡Á≈‹ÃÊ•Ù¥ ◊¥ Á‹Á¬«U
∑‘ ’…U∏ „È∞ SÃ⁄ ∑§Ù ∑§◊ ∑§⁄Ÿ ∑‘ Á‹∞ flÃ¸◊ÊŸ •äÿÿŸ ∑§Ê ßSÃ◊Ê‹ Á∑§ÿÊ ªÿÊ ÕÊ Á¡‚◊¥ ∑§◊ ¬˝ÁÃ∑Í§‹ ¬˝÷Êfl ¬«∏Ÿ flÊ‹
ºflÊ∞¢ „Ò¥– ß‚Á‹∞, „Êß¬⁄Á‹Á¬«UÁ◊ÿÊ ◊¥ ◊ÍÁë¿¸UÃ ÁÃ‹ ÃÒ‹ ∑‘ M§¬ ◊¥ ≥Ê◊Ÿ F„ •ÊÒ⁄ Ÿfl∑§ ªÈªÈ‹È ∑‘ ÃÈ‹ŸÊà◊∑§ ¬˝÷Êfl ∑§Ê
◊ÍÀÿÊ¢∑§Ÿ ∑§⁄Ÿ ∑‘ Á‹∞ flÃ¸◊ÊŸ •äÿÿŸ ∑§Ê ß⁄ÊºÊ ÕÊ– ¬Í⁄Ë Ã⁄„ ‚ 40 ⁄ÙÁªÿÙ¥ ∑§Ê øÿŸ Á∑§ÿÊ ªÿÊ •ÊÒ⁄ ºÙ ‚◊Í„Ù¥ ◊¥
‚◊ÊŸ M§¬ ‚ Áfl÷ÊÁ¡Ã Á∑§ÿÊ ªÿÊ, ª˝È¬ ∞ ∑§Ù ∞∑§ ◊„ËŸ ∑§Ë •flÁœ ∑‘ Á‹∞ ◊ÍÁë¿¸UÃ ÁÃ‹ ÃÒ‹ •ÊÒ⁄ ª˝È¬ ’Ë ∑‘ ‚ÊÕ Ÿfl∑§
ªÈÇªÈ‹È ÁºÿÊ ªÿÊ– 12 ÉÊ¢≈ ©¬flÊ‚ •flSÕÊ ◊¥ Á‹Á¬«U ¬˝Ù»§Êß‹ ß‹Ê¡ ∑‘ ¬„‹ •ÊÒ⁄ ’Êº ◊¥ Á∑§ÿÊ ªÿÊ ÕÊ– •äÿÿŸ ∑‘
¬„‹ •ÊÒ⁄ ’Êº ◊¥ Áfl‡‹·áÊ Á∑§ÿÊ ªÿÊ– •äÿÿŸ Ÿ Á‹Á¬«U SÃ⁄Ù¥ •ÊÒ⁄ ≥Ê⁄Ë⁄ ∑‘ fl¡Ÿ ◊¥ ∑§◊Ë ∑‘ •Ê¢∑§«∏Ù¥ ∑‘ ◊„àfl¬ÍáÊ¸
¬Á⁄áÊÊ◊ ÁºπÊ∞–
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Introduction:

Acharya Charaka states that “A physician
should not be embarrassed if he is unable to name a

disease as each and every disease cannot be named”.1

This quotation fits best for today’s era where arrays
of newer diseases come into foreground. This is

mainly due to the interplay of various lifestyles,
genetic and environmental factors which have altered
over years. Man has adopted himself to the fast

paced life by modifying his dietary and lifestyle
preferences to suit the modern era. This has resulted
in a discrepancy between external environment and

his internal mechanism causing multitudes of
diseases which are popularly referred as lifestyle
diseases.

Hyperlipidemia is one such disorder which is
identified as potential risk factor for cardiovascular
diseases, metabolic syndrome and even

hypertension. Hyperlipidemia term is used to denote
raised serum levels of cholesterol or triglycerides or
both.2 Nikolai Anitschkow in 1912 discovered the

role of cholesterol in atherogenesis.

Though there is no precise terminology for
Hyperlipidemia mentioned in the ayurvedic classics,

various scholars have tried to use distinct
nomenclature for the same like
Rasagatasnehavriddi, Rasaraktagatasnehavriddi,

Medovriddi, Medoroga, Ama Medodhatu etc. A
detailed study of Hyperlipidemia reveals its similarity
to asthayimedo-dhatuvriddi on the basis of

pathophysiology. According to recent studies in
American Heart Association conducted during
2005-06; for every 1% reduction in lipid level, the

risk of heart diseases reduces to 2.5%.

Development of dietary and therapeutic
approaches to lower the lipid levels has been a

continuous process amongst the scientific fraternity.

Apart from synthetic drugs like clofibrates, statins

etc., there are efforts to find out herbal drugs
possessing lipid lowering activities. Today, there is
a need for an ayurvedic practitioner to be equipped

with an effective tool to manage the situation.

Objectives of the study:

v To evaluate the effect of Moorchitatilataila-

shaman sneha in Hyperlipidemia

v To evaluate the effect of Navakaguggulu in
Hyperlipidemia.

v To compare and assess the effect of both drugs.

Materials And Methods

Materials:

1 . Moorchitatilataila

2. Tab. Navakaguggulu

Methods:

Source of data:

The patients of either sex diagnosed to be
suffering from hyperlipidemia were selected from the

OPD, IPD and special camps conducted in GAMC and
Hospital, Mysore.

Study design: Comparative Clinical Trial

Inclusion criteria:

v Subjects of either sex were selected for the study

v Subjects above 18 years with increased serum

lipidswere selected

v Both obese and non-obese subjects were included

Exclusion criteria:

v Subjects suffering from secondary
hyperlipidemia were excluded

“Effect of Moorchita Tila Taila Shamana Sneha and Navaka
Guggulu In Hyperlipidemia”
A Comparative Clincial Trial

Dr. Sidram Guled, Dr Kiran kumar Mutnali, Dr S G Mangalagi, Dr. Mrs. Jyoti S. Guled

Clinical Study
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v Subjects who were unfit for snehapana therapy
were excluded

v Subjects with major systemic disorders, which
interfere with the present study treatment, were
excluded.

Diagnostic criteria:

v The diagnosis was based on the serological
investigation, viz. serum lipid profile

Investigations:

l Routine investigations for Blood, urine were
done.

l Specific investigation – Serum lipid profile (12
hours fasting sample) was done.

Parameters of the study:

l Parameters include the lipid profile picture done
before and after the treatment

l Data was collected before commencement of

treatment and after the completion of treatment.
It was compared and analyzed for the
improvement, and the results were statistically

analyzed by using student’s’t’ test.

Interventions:

The patients were randomly divided into two

groups consisting of 20 patients in each group.

For Group A:

l Moorchitatila Taila 15 ml twice daily before food

with warm water for 30 days

For Group B:

l Navaka Guggulu in tablet form 500mg, one

tablet thrice daily after food for 30 days

Assessment criteria:

Assessment of effect of Tila Taila Shaman

Sneha and Navaka Guggulu on serum lipid profile
was done by pre and post test values of serum lipid
profile by analyzing statistically. The data was

collected and analyzed. The total score before
treatment and after treatment was assessed
statistically by using independent sample ‘t’ test,

paired sample ‘t’ test, descriptive statistics and
repeated measure ‘ANOVA’. Analysis was considered
by SPSS for windows.

Results:

Results on body weight: In Group A,

treated with Moorchita Tila Taila there was a
decrease of 1.7kgs of weight after 1 month of
treatment. In Group B, treated with Navaka Guggulu

there was a decrease of 1.65 kgs of weight after 1
month of treatment. P value for overall change from
pre to post test is 0.000 which is highly significant.

P value changes with respect to groups was 0.913
which was non-significant. (Table No. 1)

Results on Total cholesterol: In Group

A, treated with Moorchita Tila Taila the mean of
Total cholesterol before the treatment was 221.26,
which was decreased to 196.162 so that mean

decrease of total cholesterol from pre to post test
was 25.098. In Group B, treated with Navaka
Guggulu the mean of Total cholesterol before the

treatment was 212.805, which was decreased to
198.5375 so that mean decrease of total cholesterol
from pre to post test was 14.2675.P value for overall

change from pre to post test is 0.002 which is highly
significant. P value changes with respect to groups
was 0.359 which was non-significant.(Table No. 2)

Results on LDL cholesterol: In Group A,
treated with Moorchita Tila Taila the mean of LDL
cholesterol before the treatment was 133.44, which

was decreased to 119.21 so that mean decrease of
LDL cholesterolfrom pre to post test was 14.23. In
Group B, treated with Navaka Guggulu the mean of

LDL cholesterol before the treatment was 117.94,
which was decreased to 114.81. So that mean
decrease of LDL cholesterol from pre to post test was

3.13. P value for overall change from pre to post test
is 0.115 which is non significant. P value change with
respect to groups was 0.309 which was non-

significant. (Table No. 3)

Results on VLDL cholesterol: In Group
A, treated with Moorchita Tila Taila the mean of

VLDL cholesterol before the treatment was 50.16,
which was decreased to 35.30. So that mean
decrease of VLDL cholesterol from pre to post test

was 14.85. In Group B, treated with Navaka guggulu
the mean of VLDL cholesterol before the treatment
was 49.84, which was decreased to 45.60. So that

mean decrease of VLDL cholesterol from pre to post
test was 4.24. P value for overall change from pre
to post test is 0.002 which is highly significant. P
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value change with respect to groups was 0.077
which was non-significant. (Table No. 4)

Results on HDL cholesterol:In Group A,
treated with Moorchita Tila Taila the mean of HDL
cholesterol before the treatment were 40.31, which

increased to 40.71. So that mean increase of HDL
cholesterol from pre to post test was 0.405. In
Group B, treated with Navaka guggulu the mean of

HDL cholesterol before the treatment was 43.77,
which was decreased to 42.07. So that mean
decrease of HDL cholesterol from pre to post test

was 1.7.P value for overall change from pre to post
test was 0.596 which is non-significant. P value
change with respect to groups was 0.389 which was

non-significant.(Table No. 5)

Results on Chol:HDL ratio: In Group A,
treated with Moorchita Tila Taila the mean of

Chol:HDL ratio before the treatment was 5.85, which
was decreased to 4.95. So that mean increase of
Chol:HDL ratio from pre to post test was 0.90. In

Group B, treated with Navaka Guggulu the mean of
Chol:HDL ratio before the treatment was 4.95, which
was decreased to 4.92. So the mean decrease of

Chol:HDL ratio from pre to post test was 0.02. P
value for overall change from pre to post test was
0.075 which is non-significant. P value change with

respect to groups was 0.095 which was non-
significant. (Table No. 6)

Results on Triglycerides: In Group A,

treated with Moorchita Tila Taila the mean of
Triglycerides before the treatment was 250.06, which
was decreased to 185.52. So that mean increase of

Triglycerides from pre to post test was 64.54. In
Group B, treated with Navaka Guggulu the mean of
Triglycerides before the treatment was 254.56, which

was decreased to 236.85. So that mean decrease of
Triglycerides from pre to post test was 17.71. P value
for overall change from pre to post test was 0.004

which is highly significant. P value change with
respect to groups was 0.086 which was non-
significant. (Table No. 7)

Results on individual type of
hyperlipidemia: In Group A, treated with
Moorchita Tila Taila of total cholesterol in

Hypercholesterolemia patients before the treatment
was 225.48, which was decreased to 197.1, mean of
Triglycerides in Hypertriglyceridemia patients before

the treatment was 301.48 which was decreased to
210.95. In Group B, treated with Navaka Guggulu

the mean of Total cholesterol in Hyper-
cholesterolemia patients before the treatment was
248.52, which was decreased to 198.78, mean of

Triglycerides in Hypertriglyceridemia patients before
the treatment was 316.46 which was decreased to
316.36.

Discussion:

Most numbers of patients (42.5%) were from
the age group of 51-60 years, 60% were females and

all were married. Maximum patients belonged to
Kaphavata Prakriti (45%); 37.5% were home maker
by occupation; 45% patients had completed only

high school; 77.5% patients belonged to urban area;
67.5% patients were new cases; 40% patients
belonged to upper middle class; 52.5% patients were

taking moderate quantity of food; 57.55 patients
were having the habit of day sleep and 72.5% patients
were not having any other habits.

In nidanas, ahara dominant in madhura
rasa, guru and snighda Guna was predominantly
consumed. Consumption of fried and bakery products

was found extensively. Among vihara, divaswapna
and avyayama were found in maximum patients.
High number of patients displayed insidious onset,

negative family history of Hyperlipidemia. Maximum
females had attained menopause. Most of them
showed symptoms of weight gain, angagourava and

dourbalya.

On the overall assessment of the therapy,
Moorchita tila taila revealed a better effect on almost

all the parameters of lipid profile as compared to
Navaka Guggulu. Study showed statistically highly
significant results in reduction of body weight, total

cholesterol, triglycerides and Chol:HDL ratio.With
reference to reduction of LDL cholesterol and
increase of HDL cholesterol study showed

statistically non-significant results.

When we compare both the groups
statistically for the significance with respect to

groups, the change was insignificant. But when we
analyzed individual results, Group A treated with
Moorchita tila taila expressed better results.

The results shown by Moorchita Tila Taila
can be attributed to its Medohara properties like
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ushna, teekshna, sookshma, vyavaya Guna and
Madhura, Kashaya and Tikta rasa, ushnaveerya

which are Kaphavata shamaka.3 Snehapana through
tila taila stimulates bile synthesis and secretion while
Navaka Guggulu effect can be mainly attributed to

vatakapha and medohara properties. In modern
parlance the efficacy can be understood through
increased catabolism of plasma LDL cholesterol and

increased hepatic binding sites for LDL. Whereas
other ingredients like triphala, trikatu and trimada
of Navaka Guggulu are helpful to counteract the

increased body weight.4

Conclusion:
Hyperlipidemia is one of the major modifiable

risk factor for atherosclerotic diseases like CAD,
stroke etc. A precise reference of hyperlipidemia is
not available in Ayurveda but it can be understood

in terms of medoroga. Maximum numbers of
patients were asymptomatic which shows presence
of signs and symptoms in Hyperlipidemia being very

rare. Shamana snehapana can be safely carried out
in patients of Hyperlipidemia.Both the groups treated
showed reduction in serum Total cholesterol,

Triglycerides, LDL-C, VLDL-C and Chol:HDL ratio and
Group A showed slight increase in HDL levels.
Comparing both the groups, group A treated with

Moorchita tila taila showed better results in terms
of reducing serum lipid values than group B.

List of Tables:

Table No. I showing results on body weight

Pre-test mean Post-test mean Mean difference

Group A 78.05 76.35 1 . 7

Group B 71.60 69.95 1.65

Table No. II showing results on Total cholesterol

Pre-test mean Post-test mean Mean difference

Group A 221.26 196.16 25.098

Group B 212.80 198.53 14.26

Table No. III showing results on LDL

Pre-test mean Post-test mean Mean difference

Group A 133.44 119.21 14.23

Group B 117.94 114.8 3.13

Table No. IV showing results on VLDL

Pre-test mean Post-test mean Mean difference

Group A 50.16 35.30 14.85

Group B 49.84 45.60 4.24
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Table No. V showing results on HDL

Pre-test mean Post-test mean Mean difference

Group A 40.31 40.71 0.40

Group B 43.77 42.07 -1.7

Table No. VI showing results on Triglycerides

Pre-test mean Post-test mean Mean difference

Group A 250.06 185.52 64.54

Group B 254.56 236.85 1 7 . 7 1

Table No. VII showing results on Chol:HDL ratio

Pre-test mean Post-test mean Mean difference

Group A 5.85 4.95 0.90

Group B 4.95 4.92 0.02
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Abstract:-

Background: Amlapitta is a burning problem of today’s society. It has given rise to many other
serious diseases. Nowadays there is a drastic change in life style of mankind in all aspects due to modernization
and industrialization. It has resulted in agnimandya and ending in amlapitta related symptoms such as acid

eruption and heartburn etc. According to vishesha-siddhanta; vishesha dravya are given in amlapitta disease
to decrease the vitiated pitta dosha. Aims and Objectives: To study the fundamental principle of “vishesha-
siddhanta” involved in the treatment of amlapitta disease. Materials and Methods: In this clinical study

we had randomly allocated 45 patients in to three groups. Group Aamalaki Churana (dravyavishesha), Group
B Yashtimadhu Churana (gunavishesha) and Group C Trivrut Churana (karma vishesha) were selected for
the comparative and target based study in management of amlapitta disease. All the patients were reviewed

after 15 days for a period of 2 months. During the trial and follow up study, patients were assessed on the
basis of subjective improvements. Result: Group A had statistically significant improvement than Group B
and Group C. Conclusion: Single drugs which have vishesha action on vitiated pitta dosha, according to

vishesha-siddhanta can be used in the management of Amlapitta.

Key Words- Amlapitta, Vishesha, Pitta, Amalaki, Yashtimadhu, Trivrut

‚Ê⁄Ê¢≥Ê-

¬ÎD÷ÍÁ◊— •ê‹Á¬ûÊ •Ê¡ ∑‘ ‚◊Ê¡ ∑§Ë ∞∑§ Öfl‹ãÃ ‚◊SÿÊ „Ò¥ ÃÕÊ ÿ„ •Ÿ∑§ √ÿÊÁœÿÊ∑§Ù ¡ã◊ ºÃÊ „Ò¥ flÃ¸◊ÊŸ
‚◊ÿ ◊¥ ◊ÊŸfl ∑§Ë ¡ËflŸ ≥ÊÒ‹Ë ◊¥ •ÊœÈÁŸ∑§Ë∑§⁄áÊ fl •ÊÒlÙªË∑§⁄áÊ ∑‘ ∑§Ê⁄áÊ ’„ÈÃÊÿÊÃ ◊¥ ¬Á⁄UflÃ¸Ÿ „È∞ „Ò¥– Á¡‚∑‘ ¬Á⁄UáÊÊ◊
SflM§¬ Á¬ûÊ ¬˝∑È§Á¬Ã „Ù∑§⁄, •ÁªA◊Êãl ∑§⁄Ã „È∞ •ê‹Á¬ûÊ ©à¬ÛÊ ∑§⁄ ºÃÊ „Ò¥ Áfl≥Ê· Á‚hÊãÃ ∑‘ •ŸÈ‚Ê⁄ Áfl≥Ê· ∞∑§‹ •ÊÒ·ÁœÿÙ¥
∑§Ê øÈŸÊfl Á∑§ÿÊ ªÿÊ „Ò¥ ¡Ù Á∑§ Á¬ûÊ ∑§Ë •flSÕÊ Áfl≥Ê· ∑‘ •ŸÈ‚Ê⁄ ÁflÁ≥ÊC ‹ˇÊáÊÙ ¬⁄ ÁflÁ≥ÊC ¬˝÷Êfl ⁄πÃË „Ò¥– ‹ˇÿ •ÊÒ⁄
©g≥ÿ— •ÊÿÈfl¸Áºÿ ◊ıÁ‹∑§ Á‚hÊ¢Ã Áfl≥Ê·-Á‚hÊãÃ ∑§Ê •äÿÿŸ ∑§⁄Ÿ ∑‘ Á‹∞ •ê‹Á¬ûÊ ⁄Ùª ∑‘ ©¬øÊ⁄ ◊¥ ≥ÊÊÁ◊‹ ∑§⁄ŸÊ–
‚Ê◊ª˝Ë •ÊÒ⁄ Ã⁄Ë∑‘ — ß‚ ÁøÁ∑§à‚Ëÿ •äÿÿŸ ◊¥ „◊Ÿ R§◊⁄Á„Ã 45 ⁄ÙªËÿÙ¥ ∑§Ù ÃËŸ ‚◊Í„Ù¥ ◊¥ •Êfl¢Á≈Ã Á∑§ÿÊ– ‚◊Í„ A

•Ê◊‹∑§ËøÍáÊ¸ (Œ˝√ÿÁfl≥Ê·), ‚◊Í„ B ÿÁC◊œÈ øÍáÊ¸ (ªÈáÊÁfl≥Ê·) •ÊÒ⁄ ‚◊Í„ C ÁGflÎÃ øÍáÊ¸ (∑§◊¸Áfl≥Ê·) ∑§Ê ÃÈ‹ŸÊà◊∑§ •äÿÿŸ
•ê‹Á¬ûÊ √ÿÊÁœ ¬⁄ Á∑§ÿÊ ªÿÊ „Ò¥ ‚÷Ë ⁄ÙÁªÿÙ¥ ∑§Ù 2 ◊„ËŸ ∑§Ë •flÁœ ∑‘ Á‹∞ 15 ÁºŸÙ¥ ∑‘ ’Êº ‚◊ËˇÊÊ ∑§Ë ªß¸– ¬⁄ËˇÊáÊ
∑‘ ºı⁄ÊŸ, •ŸÈflÃË¸ ⁄ÙÁªÿÙ¥ ∑‘ •äÿÿŸ ∑‘ •ÊœÊ⁄ ¬⁄ √ÿÁQ§¬⁄∑§ ‚ÈœÊ⁄ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ Á∑§ÿÊ ÕÊ– ¬Á⁄áÊÊ◊— ‚◊Í„ A ◊ ‚◊Í„
B •ÊÒ⁄ ‚◊Í„ C ∑§Ë ÃÈ‹ŸÊ ◊¥ ÁŸc∑§·¸ ‚Ê¢ÁÅÿ∑§Ëÿ ∑‘ •ÊœÊ⁄ ¬⁄ ◊„àfl¬ÍáÊ¸ ‚ÈœÊ⁄ ÕÊ– ÁŸc∑§·̧— Áfl≥Ê· Á‚hÊãÃ ∑‘ •ŸÈ‚Ê⁄
Áfl≥Ê· ∞∑§‹ •ÊÒ·ÁœÿÙ¥ ∑§Ê øÈŸÊfl Á∑§ÿÊ ªÿÊ „Ò¥ ¡ÙÁ∑§ Á¬ûÊ ∑§Ë •flSÕÊ Áfl≥Ê· ∑‘ •ŸÈ‚Ê⁄ ÁflÁ≥ÊC ‹ˇÊáÊÙ ¬⁄ ÁflÁ≥ÊC ¬˝÷Êfl
⁄πÃË „Ò¥ ©Ÿ∑§Ê ¬˝ÿÙª •ê‹Á¬ûÊ ⁄Ùª ◊¥ Á∑§ÿÊ ¡Ê ‚∑§ÃÊ „Ò¥–
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Introduction:-

 Every science is based on its own basic
principles and on these basic principles that science

gets elaborated. Ayurveda science is also based on
the various fundamental principles. Fundamental
principles of Ayurvedahave significant value even in

the life of modern man. Several seers have tested
these principles for many years and then these
principles have got a place in classics.1 Out of these

principles “samanya-vishesha-siddhanta” is one of
the most important fundamental principle.2

Disease amlapitta has very long history.

Bruhattrayi (Charaka Samhita,3 Sushruta Samhita,4

Ashtangahrudya5) have given some references about
amlapittaas a symptom but Kashyapa has first of all

mentioned amlapitta as a disease in a separate
chapter in Kashyapa-Samhita and he has also
mentioned manasikabhava (psychological factors) as

a chief cause of this diseaseas well as the analysis of6

amlapitta on the basis of doshahas been described.
After that Madhava-nidana,7 Yogaratnakara,8

Bhavaprakasha,9 Chakradatta10 and Rasaratna-
samuccaya have also mentioned amlapitta disease.
Acharya Madhavakar has given detailed description

about this disease including classification of the same
according to gati i.e. Urdhvaga and adhogaamla
Pitta and chikitsa of amlapitta has been described

by Bhavamishra.

Acharya Charaka and Kashyapa have clearly
indicated that grahanidosha and Amlapitta occur in

the persons who are careless in intake of food. The
nidanasevana create mandagni and due to
mandagni, ajirna is developed and it leads to

amavisha production. This amavisha mixed with
pittadidosha accumulate in amashaya then it
produces the amlapitta disease.11

According to vishesha-siddhanta; vishesha-
dravya are given in amlapitta to decrease the
vitiated pitta dosha. This study was helped to

establish and implement of the vishesha-siddhanta.

In this clinical study we had selected single drugs
which had vishesha action on pitta. Therefore for the
comparative study of Amalaki Churana (Emblica-

officinalis) which has Dravya Vishesha property,
Yashtimadhu Churana (Glycyrrhizaglabra) which has
Guna Vishesha property, Trivrut Churana

(Operculinaturpethum) which has karma vishesha
property were selected for the management of
amlapitta. Here the fundamental principle was

specifically studied to see its clinical aspect in the
management of the amlapitta.

Aims and objectives:-

The research work was started with following
objectives

1 . To study the fundamental principle “vishesha-
siddhanta” involved in the treatment of

amlapitta.

2. To collect and analyze the study material of
amlapitta in classics as well as modern science.

3. To evaluate the effect of Amalaki Churana
(dravyavishesha), Yashtimadhu Churana
(gunavishesha), Trivrut Churana (karma

vishesha) in the management of Amlapitta.

Material and Methods:-

For present study, two types of materials and

methods were utilized as furnished below:

1) Literary materials and methods:-

a) All literature regarding amlapitta and “samanya-

vishesha-siddhanta” were referred from available
authentic books with their available
commentaries and other literature.

b) Articles from journals and papers possessing the
concern topic.

c) Allied literature from internet.

d) Lexical medical literature.

A Fundamental and Clinical Study of Vishesha-Siddhanta With
Special Reference To Amlapitta

Dr. Pallavi Dixit, Dr. Govind Pareek, Dr. Shweta Dewan

Clinical Study
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2) Clinical material and methods:-

a) Patients:- Patients were fulfilled all the selection

criteria (inclusion and exclusion), visiting the
OPD’S of NIA hospital and Bombaywala Hospital
jaipur.

b) Laboratory:- Assistance taken from central lab
of NIA hospital.

c) Drug:-Drugs like Amalaki, Yashtimadhu and

Trivruta were purchased and prepared through
pharmacy of NIA, Jaipur.

Inclusion Criteria:-

1 . Patients of the age group 16yrs to 60yrs

2. Patients of either sex were considered.

3. Patients were presenting the classical features

which contain in text of Ayurveda of Amlapitta.

Exclusion Criteria:-

1 . The patients who were suffering from systemic
disorder and structural disorder.

2. Patients were suffering from any other diseases
with amlapitta

3. Known Patients of both Duodenal and Peptic

ulcers and acute Stages.

4. Chronic smokers and alcoholic patients.

5. Chronic consumers of NSAID’s and other drugs

as in diseases like Osteo-arthritis and Rheumatoid
arthritis etc.

6. Pregnant women were excluded from the study.

Clinical study:-

Clinical study had been done as under:

Sample of Patient

3 samples consisting of 15 patients in
eachwere selected according to the selection criteria

from the OPD’S of NIA hospital and Bombaywala
Hospital jaipur.

Table No. I  Drug Schedule

Grp Name of the Drugs12 Anupan13 Matra Aushadha Kal14 Duration

1st Amalaki Shrutashita Jala Ardhakarsha in Madhya For two

(Dravyavishesha) two divided dose bhakta months
(3gm B.D.)

2nd Yashtimadhu Shrutashita Jala Ardhakarsha in Madhya For two

(Gunavishesha) two divided dose bhakta months
(3gm B.D.)

3rd Trivruta Shrutashita Jala Ardhakarsha Nisha-kala For two

(Karma  vishesha) in single dose months
(6gm O.D)

Follow Up

 All the patients were reviewed after each 15
days for a period of 2 months. During the trial and

follow up study the patients were assessed on the
basis of subjective improvements.

Discussion about observation and result:-

In this clinical study majority of the patients
(53.33%) were in age group of 16-30 years.It
indicates that middle age shows dominancy of pitta

dosha. Maximum patients (53.33%) were female. It
might be because of most of the female patients
randomly participated in this work and due to the

consumption of fast food and also variable stress

conditions. Maximum patients were(93.33%) Hindu
The main cause of this finding was that, patients were

selected from N.I.A., populations residing around it
are mostly Hindu. Maximum patients (33.33%) were
graduates. This is the period in life in which persons

get exposed to variety of stresses (chinta) andstress
is major cause of many disorders and amlapitta is
one of them. Maximum numbers of patients (62.22%)

were consuming tea. It indicates Ushna, Tikshna and
Drava Guna of tea is cause of Pitta Vruddhi.
Maximum patients were 68.88% taking meal twice a

day, 48.88% patients were fond of Amla, Lavana,
Katu Rasa Pradhana diet. Maximum 40% patients
were taking Ushna, Tikshna diet and 40% Drava,
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snigdha and guru diet. 75.55% patients were taken
food from hotels regularly. Maximum patients

(100%) were habituated with improper diet styles
like Viruddhashana, Samashana, Vishamashana and
adhyashana. All these observations indicate towards

the faulty dietary habits and negligence towards the
code and conduct of food intake. Secondly, these
were also the causative factor for the vitiation of

agni; leading to agnimandya and finally terminating
in to unhealthy condition. Mandagni were assessed
in maximum patients (57.77%). Mandagni is main

cause of amlapitta disease. Maximum patients

(68.88%) were of mrudukoshtha. It indicates,
condition of dosha in mrudu Koshtha is udirna pitta,

alpakapha and mandamaruta. On examining the
sharira prakruti it was revealed that maximum
patients (44.44%) were of kapha-pittaja and vata

pitta prakruti. It indicates that especially pitta
prakruti patients are more prone to amlapitta. On
examining the manasa prakruti, it was revealed that

maximum patients (55.55%) were of rajasa. In
practice, it is also observed that rajasa prakruti
people are more inclined towards enjoyment of

eating and worldly pleasures.

Subjective improvements

Table–II  Avipaka

Group A Group B Group C Kruskal- P Significant?
(Mean±S.E.M.)  (Mean±S.E.M.) (Mean±S.E.M.) Wallis Value

statistic

BT 2.67±0.1259 2.6±0.1309 2.73±0.118 22.23 <0.0001 Yes(ES)

AT 0.67±0.2323 1.93±0.2062 1.67±0.303

Diff 2±0.2330 0.67±0.2519 1.06±0.315

Diff % 7 5 25.64103 39.02

P Value < 0.0001 0.0545 0.02070

Kruskal- 42.01 9.281 11.59

Wallis
statistic

Significant? Yes(ES) NS Yes(S)

Table–III  Klama

Group A Group B Group C Kruskal- P Significant?
(Mean±S.E.M.)  (Mean±S.E.M.) (Mean±S.E.M.) Wallis Value

statistic

BT 2.67±0.1259 2.933±0.0667 2.8±0.1069 16.29 0.0003 Yes(ES)

AT 0.6±0.16329 2.2±0.2 2±0.1951

Diff 2.067±0.2281 0.73±0.2062 0.8±0.174

Diff % 7 7 . 5 25 28.57

P Value < 0.0001 0.0048 0.0034

Kruskal- 48.28 14.97 15.76

Wallis
statistic

Significant? Yes(ES) Yes(HS) Yes(HS)
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Table–IV  Utklesha

Group A Group B Group C Kruskal- P Significant?

(Mean±S.E.M.)  (Mean±S.E.M.) (Mean±S.E.M.) Wallis Value
statistic

BT 2.733±0.1181 2.733±0.1181 2.8±0.1069 9.749 0.0076 Yes(HS)

AT 1.867±0.1333 2.267±0.2062 1.467±0.2152

Diff 0.8667±0.1652 0.467±0.1332 1.333±0.2108

Diff % 31.71 17 .073 47.61

P Value 0.0014 0.3241 < 0.0001

Kruskal- 1 7 . 7 0 4.659 28.11
Wallis

statistic

Significant? Yes(HS) NS Yes(ES)

Table–V  Tiktamlodgara

Group A Group B Group C Kruskal- P Significant?
(Mean±S.E.M.)  (Mean±S.E.M.) (Mean±S.E.M.) Wallis Value

statistic

BT 2.6±0.1309 2.667±0.1259 2.667±0.1259 3.915 0.1412 NS

AT 1.733±0.2481 1.13±0.1918 1.533±0.2363

Diff 0.867±0.2363 1.53±0.2557 1.133±0.2152

Diff % 33.33 57 .5 42.5

P Value 0.0454 < 0.0001 0.0010

Kruskal- 9.722 39.60 18.53

Wallis
statistic

Significant? Yes(S) Yes(ES) Yes(HS)
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Table–VI  Gourava

Group A Group B Group C Kruskal- P Significant?

(Mean±S.E.M.)  (Mean±S.E.M.) (Mean±S.E.M.) Wallis Value
statistic

BT 2.66±0.1259 2.667±0.1259 2.667±0.1259 1.33 0.0035 Yes(HS)

AT 1.8±0.2225 2.4±0.19023 1.33±0.2702

Diff 0.86±0.2363 0.26±0.1532 1.33±0.23231

Diff % 32.5 1 0 5 0

P Value 0.0085 0.8886 0.0007

Kruskal- 13.64 1.135 19.27

Wallis

statistic

Significant? Yes(HS) NS Yes(ES)

Table–VII   Hrutkanthadaha

Group A Group B Group C Kruskal- P Significant?
(Mean±S.E.M.)  (Mean±S.E.M.) (Mean±S.E.M.) Wallis Value

statistic

BT 2.8±0.1069 2.6±0.1309 2.667±0.1259 6.930 0.0313 Yes(S)

AT 1.867±0.2152 0.867±0.1918 1.67±0.2138

Diff 0.933±0.181703 1.73±0.2062 1.067±0.20625

Diff % 33.33 66.67 40

P Value 0.0016 < 0.0001 0.0008

Kruskal- 1 7 . 3 7 40.42 18.88

Wallis
statistic

Significant? Yes(HS) Yes(ES) Yes(ES)
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Table–VIII  Aruchi

Group A Group B Group C Kruskal- P Significant?

(Mean±S.E.M.) (Mean±S.E.M.) (Mean±S.E.M.) Wallis Value
statistic

BT 2.6±0.1309 2.66±0.1259 2.667±0.1259 1.063 0.4486 NS

AT 1.53±0.2152 2.13±0.1652 1.733±0.2481

Diff 1.067±0.2839 0.533±0.1333 0.93±0.26667

Diff % 41.025 20 35

P Value 0.0010 0.1132 0.0088

Kruskal- 18.50 7.466 13.56
Wallis

statistic

Significant? Yes(HS) NS Yes(HS)

NS= Non-Significant,  S= Significant, HS= Highly Significant, ES= Extremely Significant

Discussion about subjective improvements:-

Avipaka(Indigestion), Aruchi (Anorexia) and

Klama (Fatigue):-.

In group A we had selected amalaki churana.
Amalaki churana had highly significant result in

symptoms of avipaka, aruchi and klama. There is
reason behind it that avipaka and Aruchi are due to
kapha dosha which leads agnimandya and klama is

the lakshana of kapha and ama associated with the
pitta. Amalaki has rocana, dipana, hridya and
tridosha shmaka, especially pitta shamaka property

hence it worked on agnimandya so that it is very
useful in Avipaka and Aruchi. Amalaki is also
beneficial in klama due to ama condition because it

has also medhya rasayana and vrishya property
thus it reduced klama.

Tiktamlodgara (Bitter and sour belching) and

Hritkanthadaha (Burning sensations of the
heart and throat) :-

In group B we had selected Yashtimadhu

Churana. Yashtimadhu Churana had highly
significant result in symptoms of Tiktamlodgara and
hrutkanthadaha. There is the reason behind it that

tiktamlodgara and hrutkanthadaha is due to ushna
tikshna guna of pacaka pitta. Yashtimadhu has
glycyrrizic acid which has fifty timesmore sweetness

than sugarhence might be neutralized the gastric acid

and got better relief in tiktamlodgara and
hrutkanthadaha. Yashti madhu has madhura rasa,
shitavirya and shitavipaka which was subsided the

ushna and tikshnaguna of pitta and patients got
relieved in tiktamlodgara and hrutkanthadaha.
Yashtimadhu has a soothing effect on the gastric

mucosa hence it reduced tiktamlodgara and
hrutkanthadaha.

Utklesha (Nausea) and Gaurava (Heaviness of

the body):-

In group C we had selected trivrut churana.
Trivrutchurana had highly significantresult in

symptoms of utklesha and gourava. There wasthe
reason behind it that utklesha and gourava were
found due to kaphadosha and increased pitta

vruddhi due to dravaguna of pitta. It is also be
caused by the formation of the undigested food and
the end result of it Ama production in all over the

body which leads to gauravata. Trivrut has also
sukhavirecaka, bhedana, recana, shothahara
property doshaghnata is pitta-kaphasanshodhana

so it had acted on dravaguna of pitta and expelled
out dravaguna of pitta into the body and subsided
utklesha and gourava.
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Overall Effect of therapy

Table–IX

Gradation                  Group A               Group B            Group C

No.of % No.of % No. of %
patients patients patients

Complete Remission 1 6.66% 0 0% 0 0%
(>75to 99%)

ModerateImprovement 3 20% 0 0% 5 33.33%

(>50– 75%)

MildImprovement 1 0 66.66% 1 2 80% 8 53.33%
(>25– 50%)

NoImprovement 0 0 3 20% 2 13.33%
(0– 25%)

Result:-

Group A had statistically significant
improvement than Group B and Group C.

Conclusion:-

ü Vishesha-siddhanta is one of the most important
basic principles of Ayurveda. According to
vishesha- siddhanta, vishesha is always the

cause of hrasa (diminution) in all the beings
when it’s applied clinically.

ü In present era due to the changed life style like

unwholesome dietary habits and involvement of
psychological factors in day to day practice
causes many serious health problems, amlapitta

is one of them very common and burning
problem for society.

ü Amalaki acts on amla pitta disease because of its
dravaya prabhava and doshaghnata of amalaki
is tridosha-shamaka, especially pitta-shamaka.

According to Acharya Charaka drug like
amalaki balances dosha and dhatu in the body.

ü Yashtimadhu acted on ushnaguna of pitta

because ushna guna has agnimahabhuta
dominant and yashtimadhu which has jala and
pruthvi mahabhuta dominance is opposite to

ushnaguna (agnimahabhuta) of pitta in
amlapitta disease and doshaghnata of
yashtimadhu is vata pitta-shamaka so it had

acted on ushna guna of pitta and got pitta
shamana action in amlapitta.

ü Trivruta acted on drava guna of pitta because

of dravaguna it is jalamahabhuta dominant and
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trivruta which has agni and vayumahabhuta
dominance, is opposite to dravaguna

(jalamahabhuta) of pitta in amlapitta disease
and prabhava of trivruta  has virechaka and
doshaghnata is pittakapha samshodhana so its

acted on dravaguna of pitta and expelled out
dravaguna of pitta from the body.

ü Amalaki was more beneficial in the symptoms of

amlapitta like avipaka, klama and aruchi.
Yashtimadhu was more advantageous in the
symptoms of tiktamlodgara and hrutkanthadaha

and trivruta was more useful in the symptoms of
utklesha and gourava. Some single drugs are
effective on some specific sign and symptom of

the disease. So to reduce the number of drugs
and to do target based treatment, single drugs
are essential.
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Abstract:

Cardiovascular diseases (CVDs) and diabetes mellitus are major diseases for which dyslipidemia is
one of the prime causative factor. Abnormal cholesterol levels are estimated to cause 18% of the global CVDs
and 56% of the global Ischemic Heart Diseases (IHD). For every 1% reduction in lipid level, the risk of heart

diseases reduces by 2.5%. Dyslipidemia is an established risk factor for atherosclerotic disease.

In ayurveda dyslipidemia can be compared to Medoroga which is Santarpanotha Vyadhi and
Vamana karma is the preferred line of management. Vamanakarma is the best therapy for the elimination

of Kapha Dosha and related morbid factors. As Medodhatu is one of the substance belonging to the category
of Kapha, in this trial Vamana Karma was selected for the treatment of Dyslipidemia. Kutaja  (Vatsaka)
Beeja churna was selected for Vamanakarma which is indicated mainly in Kapha Diseases, heart diseases

and similar condition arising out of excessive Kapha and Meda. So it has been selected for Vamana Karma
in 15 patients. The results of the trial were highly significant in reducing lipid levels.

Key words:-  Vamana Karma, Medoroga, Santarpanotha Vyadhi, Kutaja Churna, Dyslipidemia.

‚Ê⁄UÊ¥‡Ê -

Nºÿ ‚¢’ÁãœÃ √ÿÊÁœÿÊ°, ◊œÈ◊„ («UÊÿ’ËÁ≈¡) ¬˝◊Èπ √ÿÊÁœÿÊ° „Ò, Á¡Ÿ◊¥ Á«UÁS∂¬Ë«UÁ◊ÿÊ ¬˝◊Èπ ÁŸºÊŸ „Ò– Áfl‡flSÃ⁄
¬⁄ 18 ¬˝ÁÃ‡ÊÃ Nºÿ √ÿÊÁœÿÊ° ∑§fl∂ ∑§Ù∂S≈˛Ù∂ ∑§ ’…U∏ „Èÿ SÃ⁄ ∑§ ∑§Ê⁄áÊ ¬ÊÿË ¡ÊÃË „Ò– Á∂Á¬«U SÃ⁄ ◊¥ 1 ¬˝ÁÃ‡ÊÃ ∑§Ë
∑§◊Ë „ÙŸ ¬⁄, 2.5 ¬˝ÁÃ‡ÊÃ Nºÿ ‚¢’ÁãœÃ √ÿÊÁœÿÙ ◊¥ ∑§◊Ë •ÊÃË „Ò–

Á«UÁS∂¬Ë«UÁ◊ÿÊ (◊ºÙ⁄Ùª) œ◊ŸË ¬˝ÁÃøÿ ∑§Ê ¬˝◊Èπ ‚¢÷ÊÁflÃ ∂ˇÊáÊ „ÙÃÊ „Ò– •ÊÿÈfl¸º ◊¥ Á«UÁS∂¬Ë«UÁ◊ÿÊ ∑§Ë ◊ºÙ
⁄Ùª ‚ ÃÈ∂ŸÊ ∑§Ë ¡Ê ‚∑§ÃË „Ò– ◊ºÙ ⁄Ùª ∞∑§ ‚¢Ã¬¸áÊÙàÕ Áfl∑§Ê⁄ „Ò– ¬˝SÃÈÃ ‡ÊÙœ ∑§Êÿ¸ ◊¥ Á«UÁS∂¬Ë«UÁ◊ÿÊ ‚ ª˝Á‚Ã 15
⁄ÙÁªÿÙ¥ ∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ „Ò– ÃÕÊ ß‚ ‚¢Ã¬¸áÊÙàÕ √ÿÊÁœ ◊¥ ßŸ ⁄ÙÁªÿÙ¥ ∑§Ë ÁøÁ∑§à‚Ê „ÃÈ fl◊Ÿ ∑§◊¸ ∑§ Á∂ÿ ∑È§≈U¡
’Ë¡ øÍáÊ¸ ∑§Ê ¬˝ÿÙª Á∑§ÿÊ ªÿÊ „Ò– ∑È§≈U¡ ’Ë¡ øÍáÊ¸ mÊ⁄Ê ∑§⁄Êÿ ªÿ fl◊Ÿ ∑§ ∑§Ê⁄áÊ ßŸ ⁄ÙÁªÿÙ¥ ◊¥ Á∂Á¬«U ∑§ SÃ⁄ ◊¥
‚¢ÃÙ·¬˝º ∑§◊Ë ºπË ªÿË–
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Introduction:

Dyslipidemia is defined as a condition with

abnormally elevated levels of any one or all lipids
in the blood. It is one of the disease that resulted
due to faulty lifestyle. It is of significance because it

leads to atherosclerosis of vessels (arterial walls)
leading to Vascular accidents (Cerebrovascular/
Cardiovascular disease). More than half of the

Coronary Heart Disease is attributable to
abnormalities in the levels and metabolism of Plasma
lipids and lipoprotein.

Abnormal cholesterol levels are estimated to
cause 18% of the global CVDs and 56% of the global
Ischemic Heart Diseases (IHD). For every 1%

reduction in lipid level, the risk of heart diseases
reduces by 2.5%. Dyslipidemia is an established risk
factor for atherosclerotic disease.[1]

Need Of The Study

The  available  allopathy medication for
Dyslipidemia is associated with side effects. So world

is looking towards Ayurveda for a safe and effective
medication for treatment of Dyslipidemia. Ayurveda
through its holistic approach particularly

Panchakarma  which aims at eliminating the basic
causative factor and morbid factors involved in the
disease. Among Panchakarma Vamanakarma is the

best therapy  for the elimination of  Kapha Dosha
and related morbid factors. As Medodhatu is one of
the substance belonging to the category of Kapha,

in this trial Vamana Karma was selected for the
treatment of Dyslipidemia.

About 355 formulations by using six main

drugs with other supporting drugs are described for
inducing Vamana (Therapeutic Emesis) but clinically
mainly Madanaphala is used in almost all the

conditions. Hence there is need to work on other
drugs and formulations which are specific to the
underlying disease.

So Kutaja (Vatsaka) Beeja churna was

selected for Vamanakarma which are indicated
mainly in Kapha Diseases, heart diseases and similar
condition arising out of excessive Kapha and Meda.[2]

Aims & Objectives

To evaluate the effect of Vamana Karma with
Kutaja (Vatsaka) Beeja Yoga  in the management of

Medoroga w.s.r to Dyslipidemia.

Materials And Methods :

Clinical study materials: 15 patients.

Source of data: Patients indicated and fit
for trial were selected from outpatient and inpatient
department of Panchakarma, National Institute of

Ayurveda Hospital, Jaipur.

Drugs used in the trial:

All the medicines were procured from

National Institute of Ayurveda Pharmacy, Jaipur.
They are Kutaja Beeja Churna, Yashtimadhu ,Vacha
Churna, Saindhava Lavana, Madhu.

Diagnostic criteria:

1 . Abnormal levels of serum lipid profile.

2. Clinical features of Dyslipidemia and Medoroga

like Ashaktaha Sarva Karmasu, Kshudra Shvasa,
Svedadhikya, Utsahahani, Angagaurava.

Inclusion criteria

l Aged between 20-60 yrs.

l Serum lipid levels more than normal ranging
from:

o S.cholesterol (201mg/dl or more)

o S.Triglycerides (161mg/dl or more)

o Serum LDL (131mg/dl or more)

o Serum VLDL (41mg/dlor more)
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l Having clinical features of Medoroga

l Fit for Vamana Karma

Exclusion criteria

l Age below 20 years & above 60 years.

l Associated with serious illness like Carcinoma,

Cardiac Failure, Malignant Hypertension.

l Not fit for Vamana Karma.

Laboratory investigation

Following investigation were carried out
before & after treatment;

l Routine blood investigation.

l ECG to rule out Cardiac Pathology.

l Lipid profile.

l Routine urine analysis.

Methodology :

Procedure : Vamana Karma

A. Poorvakarma

Drug for Deepana Pachana:- Panchakola
Choorna 3 gms. twice  a day  was given before food
till Nirama Lakshanas.

l Shodhananga  Snehapana: Moorchita tila
Taila for 3 to 7 days.

l Sarvanga Abhayanga – Dashamoola Tailam

& Mridu Sarvanga Sveda (Bashpa Sveda) was
carried out after getting Samyaka Snigdha
Lakshana for 2 days.

B. Pradhana Karma

Vamaka Yoga - Kutaja Churna 6 grams
with other conventional drugs like Yastimadhu

(Glycerazzhia glabra), Vacha (Acorus calamus),
Madhu, Saindhava Lavana.

C. Paschat Karma

According to shuddi samsarjana karma was
advised for 3 to 7 days.

Assessment criteria

A) Objective parameters:

Objective criteria were mainly assessed on

the basis of biochemical investigations like lipid
profile, body weight, BMI ,Waist Hip Ratio, before

Vamana Karma and after Vamana Karma  were
assessed in terms of percentage relief and statistical
evaluations.

 B) Subjective parameters:

Signs and symptoms of Medoroga were used
for symptomatic evaluation for which a multi-

dimensional scoring pattern was adopted. The
patients were assessed by giving a score before and
after Vamana Karma according to the severity of the

symptoms.

The following four parameters were assessed.

1 . Sarva Karmasu Ashaktata

2. Kshudra Shvasa

3. Svedadhikya

4. Dourbalya

Observations and Results:

Data related to Demographic data:

Maximum 40% of patients were from the age

group of 41-50 years, 66.6% were female, 93.24%
were married, 86.58% were of Hindu  religion, 66.6%
patients were from urban population, 39.96% were

having primary education, 46.62% were house wife’s,
53.28% belonged to lower middle class, 79.92% were
vegetarian, 73.26% were having Vishamagni, 66.6%

were having Madhyama Koshtha, 46.62% belonged
to Kapha Pitta Prakriti, 53.28% were having
Madhyama Satva, 73.26% were of Avara

Samhanana and 79.92% were of Avara Saara.
53.28% were taking Madhura Rasa Pradhana Ahara,
79.92% patients were having addiction to tea alone.

Data related to disease:

73.26% Patients were not having the positive
family history, 33.3% patients were having chronicity

history of above 4 years, maximum 33.33% were
having the body weight between 81 to 100 Kg,
39.96% of patients were having BMI between 30 to

34.9, 100% were taking Snigdha  Ahara (milk
products), 66.6% patients were giving history of day
sleep, 39.96% were having history of tension, 66.6%

were having sedentary life style.
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Data related to treatment:

Out of total 15 patients,  maximum 66.6% of

patients Deepana Pachana was given for 3 days,
maximum 73.26% patients  were administered
Snehapana for 3 days. Maximum 46.62% of patients

had Snehapana dose between 301 to 400 ml.
Pittanta Shuddhi was observed in 60% of patients.
Lainghiki Shuddhi like Kale Pravriti was observed in

39.96% of patients. Hridaya, Parshva, Murdha, and
Indriya Shuddhi was observed in100%. Maximum
53.28% patients had attained Madhyama Shuddhi.

maximum 66.6% followed Samsarjana Krama for 5
days.

Data related to lipid profile:

It was observed that maximum 53.28%
patients were having the serum cholesterol level
between 200-239 mg/dl, 46.62% patients  were

having the serum triglycerides range in between 151
to 199 mg/dl and 200 to 499 mg/dl each, 79.92%

patients were having the serum HDL range in
between 40 to 60 mg/dl, 46.62% of patients were

having the serum LDL level between 130-159mg/dl,
46.62% patients were having the serum VLDL level
in between 41-80 mg/dl.

Results:

The data obtained in clinical study was
subjected to statistical tests and analyzed in two

parts:

1) Objective Parameter

2) Subjective Parameter

Statistical Methods:

l Student t test (two tailed, dependent) has been
used to find the significance of objective

parameters.

l Wilcoxon test was used for the assessment of
subjective parameters.

 Table No. I: Showing Statistical analysis on objective parameters:

(Lipid profile, Body weight, Body Mass Index, Waist Hip Ratio)

Objective N            MEAN Dif % SD SE T P

Parameters B T A T change

S. Cholesterol 1 5 228.40 195.00 33.40 14.62 28.49 7.36 4.54 .0005 ES 

S. Triglycerides 1 5 229.40 154.80 74.60 32.52 65.19 16.83 4.43 .0006ES

S.HDL 1 5 48.87 47.93 0.93 1.91 10.87 2.81 0.33 .74 NS 

S.LDL 1 5 134.07 1 1 7 . 0 7 17.00 12.68 27.83 7.19 2.37 .032 S

S.VLDL 1 5 45.73 29.80 15.93 34.84 15.02 3.88 4.11 .0011VS 

Body Weight 1 5 85.20 80.93 4.27 5.01 1.87 0.48 8.84 <.0001ES

Body Mass Index 1 5 32.78 31.17 1.61 4.92 0.70 0.18 8.89 <.0001ES

Waist Hip Ratio 1 5 0.94 0.91 0.03 3.60 0.10 0.02 1.37 .19 NS 

The mean cholesterol was 228.40 which was reduced to 195.00(14.62%) after Vamana with P=0.0005

which is extremely significant. Serum Triglyceride was 229.40 which was reduced to 154.80 (32.52 %) after
Vamana with P=0.0006 which is extremely significant. Serum HDL was 48.87 which was reduced to 47.93
(1.91%) after Vamana with P=0.74 which is not significant. Serum LDL was 134.07 which was reduced to

117.07 (12.68%) after Vamana with P=0.32 which is significant. Serum VLDL was 45.73which was reduced
to 29.80 (34.84%) after Vamana with P=0.001 which is very significant.
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The mean Body Weight (BW) was 85.20 which was reduced to 80.93 (5.01%) after Vamana with
P<0.0001 which is extremely significant. Mean BMI was 32.78 which was reduced to 31.17 (4.92 %) after

Vamana with P<0.0001 which is extremely significant. mean WHR was 0.94 which was reduced to 0.91
(3.60 %) after Vamana with P=0.19 which is not significant.

Table.No. II : Showing Statistical analysis on subjective parameters: (wilcoxon test):

Subjective N            MEAN Dif % SD SE T P

Parameters B T A T change

Sarvakarmasu 1 5 1.67 1 . 0 7 0.60 36.00 0.51 0.13 45  .003 VS

Ashaktata

Kshudra Swasa 1 5 1.87 1 . 0 7 0.80 42.86 0.41 0.11 7 8  .0005 ES

Svedadhikya 1 5 2.33 1.47 0.87 37.14 0.35 0.09 9 1  .0002 ES

Dourbalyata 1 5 2.20 1.67 0.53 24.24 0.52 0.13 36 .007 VS 

The Mean value Sarva Karmasu Ashaktata was 1.67 which was reduced to 1.07 (36.00 %) after
Vamana with P=0.003 which is very significant. The mean value of Kshudra Swasa was 1.87 which was

reduced to 1.07 (42.86 %) after Vamana with P=0.0005 which is extremely significant. The mean value of
Svedadhikya was 2.33 which was reduced to 1.47 (37.14 %) after Vamana with P=0.0002 which is extremely
significant. The mean value of Dourbalyata was 2.20 which was reduced to 1.67 (24.24 %) after Vamana

with P=0.007 which is very significant.

Discussion

In the clinical study conducted in 15 patients
of dyslipidemia (Medoroga) the results after Vamana
Karma were statistically extremely significant in

both objective and subjective parameters.

Vamana karma is one of the classical Bio-
Cleansing therapy which eliminates the morbid

material, like vitiated Dosha, metabolic waste,
unwanted excessive accumulated substance from the
body. It is specific for Kapha Dosha which belongs

to the category of Medo Dhatu (Fats), there by having
its direct effect on Fat tissue which may be one of
the reason for reduction in lipid levels, further

Vamana also corrects Pitta Dosha to moderate
extent indirectly improves functioning of liver which
plays an important role in the lipid metabolism.

Hence this may be the second reason for reduction
of lipid levels. Vamana karma being cleansing in
nature may help for the mobilisation of peripheral

fat, which subsequently gets eliminated through liver.

Lastly Vamana Karma improves digestion
and metabolism there by corrects the lipid

metabolism and may regulate endogenous
production of lipids.

In Vatsaka Kalpa (Kutaja) it has been
indicated for Hridroga. As dyslipidemia is a direct
factor for atherosclerosis leading to heart diseases,

so it has been taken for Vamana Karma.

In the study conducted to evaluate the
efficacy of methanol extract of seed of Holarrhena

antidysentrica in streptozotocin (STZ) induced
diabetic rats, the antihyperlipidemic activity was also
measured. The serum levels of TC, TG, LDLc, VLDLc

and HDLc were measured. The results were very
promising.[3]

Conclusion:

Following conclusions can be drawn from the
clinical study:

l Dyslipidemia is an abnormal amount of lipids in

the blood due to impaired lipid metabolism and
a major risk factor for many life threatening
diseases like Coronary artery disease, Diabetes

mellitus etc.
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Development of Multitier Identification tools for Certain Drugs

*Dr. Lalit Nagar **Dr. Sudipta Rath, ***Dr. Naresh Khemani

Abstract

Disappearance of many medicinal plant species from the flora, indiscriminate use, and exponential

increase in demand of herbal medicines has led to building up of pressure on demand side there by leading
to unethical and dangerous practice of adulteration that is the prime obstacle in excellence of the Ayurveda
in this present Era. There is an urgent need to develop tools of identification of medicinal plant raw materials

at multiple levels which can be used by Ayurvedic physicians, researchers and pharmaceuticals with limited
or well equipped analytical facilities. The chief methods employed in evaluating drugs are Organoleptic i.e.
practical & on the spot tool, Physical & Chromatographic – Lab based tools, Experimental and Clinical –

final confirmative tools.

Key Words Indiscriminate, Identification, Organoleptic, Chromatographic, pharmaceuticals.

‚Ê⁄Ê¢≥Ê—

ÿÈÁQ§Áfl„ËŸ √ÿfl„Ê⁄ ∑‘ ‚ÊÕ •ÊÒ·œËÿ ¬ıœÙ ∑§Ë ◊Ê¢ª ◊ •àÿÊÁœ∑§ flÎÁf ∑‘ ∑§Ê⁄áÊ ¬˝∑Î§ÁÃ ‚ ’„ÈÃ ‚Ê⁄ •ÊÒ·œËÿ
¬ıœ œË⁄ œË⁄ Áfl‹ÈåÃ „Ù ⁄„ „Ò– ß‚ ∑§Ê⁄áÊ •ÊÒ·ÁœÿÊ¥ ◊¥ Á◊‹Êfl≈ ∑§Ë ¬˝flÎÁÃ ’…∏ÃË ¡Ê ⁄„Ë „Ò– ÿ„ Á◊‹Êfl≈ •ÊÿÈfl¸º ∑§Ë
‚◊ÎÁh ◊ ∞∑§ ¬˝◊Èπ  ’Êœ∑§ „Ò– •Ã— •ÊÒ·œËÿ ¬ıœÙ ∑‘ ∑§ìÊ ◊Ê‹ ∑§Ë ÁflÁ÷ÛÊ SÃ⁄ ¬⁄ ‚„Ë ¬„øÊŸ ∑§⁄Ÿ ∑‘ Á‹ÿ ¬˝ÊÿÙÁª∑§
‚ÊœŸÙ ∑§Ê Áfl∑§Ê‚ ∑§⁄ŸÊ •àÿ¢Ã •Êfl≥ÿ∑§ „Ò ¡Ò‚Ê Á∑§ ÁflÁºÃ „Ò •ÊÒ·œËÿ ¬ıœÙ ∑§Ù ÁøÁ∑§à‚∑§, •ŸÈ‚¢œÊÃÊ »§Ê◊¸‚Ë •ÊÁº
∑§Ê◊ ◊ ‹Ã „Ò •ÊÒ⁄ ßŸ∑‘ ¬Ê‚ ©¬‹éœ ‚¢‚ÊœŸ ◊ ’„ÈÃ •¢Ã⁄ „Ò– •Ã— •ÊÒ·œ Œ˝√ÿ ¬Á⁄øÿ ∑‘ ÷Ë ∑§Á‹C ‚ÊœŸ •¬˝ÊÿÙÁª∑§
„Ù ¡ÊÃ „Ò– ßŸ ©g≥ÿÙ ∑§Ë ¬ÍÁÃ¸ ∑§⁄Ÿ „ÃÈ ß‚ ∑§Êÿ¸ ◊ •ÊÒ·œ Œ˝√ÿ ¬Á⁄øÿ „ÃÈ ÁflÁ÷ÛÊ SÃ⁄ ◊ ∑§Ê◊ Á‹ÿ ¡ÊŸ flÊ‹Ê ∞∑§
¬˝ÊÿÙÁª∑§ ‚ÊœŸ ’ŸÊÿÊ ªÿÊ „Ò–

Pharmacological Study

*P.G Scholar, Deptt. Of Dravyaguna, NIA,Jaipur **Asst. Prof., Deptt. Of Dravyaguna, NIA, Jaipur,  ***Prof. & Head,

Deptt. Of Dravyaguna, NIA, Jaipur

l As Medoroga is a Santarpanajanya Vyadhi,
Kapha Pradhana Vyadhi, for which

Samshodhana  is indicated, in that also Vamana
is primary indication.

l In Vatsaka Kalpa (Kutaja) it has been indicated

for Hridroga. As dyslipidemia is a direct factor
for atherosclerosis leading to heart diseases, so
it has been taken for Vamana Karma.

l In different parameters of lipid profile, the mean
reduction of triglycerides showed better results
statistically.
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Introduction-

Pursuits of health and longevity have been

the main goals of life of man since Vedic period. To
achieve this target dravya or the drug is employed
as the main tool. Dravya is stated to be next to

physician in importance since is the medium of
treatment1. Therefore it is apparent that the acharyas
never ignored Dravyaguna, in fact, they considered

Dravyaguna as an integral part of therapeutics. The
field of Dravyaguna is incomplete without the study
of Nighantus2 and these Nighantus have contributed

many new drugs to Indian Materia Medica. But, in
the course of adding new drugs and identifying some
of the drugs in the samhitas, it appear that the

Nighantu writers also created some confusion by
adding several synonyms for a single drug,
particularly, for the drugs of uncertain identities. The

controversy has become more in India because we
find various people dwell in different areas with
different cultures, so naturally might have been the

reason why, one plant is known by various names in
various parts of the country.

One of the important aspects which have

added misery to the identification of some of the
important medicinal plants or raw materials is
interruption in the traditional practice of Ayurveda.

Moreover, to our misfortune, medical practitioners
started depending upon the traders for obtaining the
raw materials.It is well known fact that today in the

open market different plant parts are used in place
of Pushkarmool, Kutki, etc. and like this so many
other drugs are being adulterated and as such used

by both physicians and pharmaceutical industries.
Therefore quality assurance of medicinal plant
starting materials is of paramount importance to

offer predictable efficacy of the Ayurvedic
formulations.

The chief methods employed in evaluating

drugs are organoleptic i.e. practical & on the spot
tool, physical & chromatographic – Lab based tools,
Experimental and Clinical – final confirmative tools3.

Aims

1- To identify the adulterants of Katuki,
Pushkarmool and Kustha.

2- Development of Practical tools to distinguish
genuine samples from their adulterants.

Material and Methods

Katuki, Pushkarmool and Kustha are the
three drugs that were selected for present study. The
selection of the drugs is made on the clinical

importance of these drugs which are effective in
medical emergencies like hepato-billiary disorders,
IHD and bronchial asthma also these drugs are of

enormous importance to the phyto-pharmaceutical
industry.

However, these drugs are somewhat
controversial and sometimes substituted by other

drug viz. Kustha (Saussurea lappa) is substituted by
Pushkarmula (Inula racemosa), root of the

Katuki (Picrorhiza kurroa) with rhizome of

Katuki. Presently, these three drugs that mentioned
above are commonly adulterated and substituted by
other drugs in the market due to disappearance from

the flora, indiscriminate use, and increase in demand
in herbal pharmaceutical industries. Therefore,
keeping in view, the above drugs has been selected

for present study.

1. Collection of genuine sample and their
adulterants/ substitute from the field

The genuine samples and their adulterants/
substitute were collected by scholar himself after
identifying the source of plant as per standard

description.

2.  Herbarium and authentication of collected
genuine plant material

The dried specimens were pasted on the
herbarium sheets of standard size with proper
labelling. The authentication of plant material

Development of Multitier Identification tools for Certain Drugs

Dr. Lalit Nagar, Dr. Sudipta Rath, Dr. Naresh Khemani
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collected for study was done at Herbarium section,
Indian Institute of Integrative Medicine, Jammu.

3. Collection of Market Samples

The market samples were also collected from
six major raw drug selling markets of India namely

Kullu, Amritsar, Jaipur, Kolkata, Mumbai & Kochin.

4. Pharmacognostical Study of all the genuine
and market samples.

All the above collected genuine samples and
market samples and its adulterant/ substitutes drugs
were examined organoleptically and microscopically.

Data generated was compared with the adulterants
and substitutes.

5.  Phytochemical Study

Physiochemical analysis of all the collected,
genuine and market samples were done and
comparative data were generated and collected in

the form of tables.

6. Chromatographic Study

i) Thin Layer Chromatography (TLC)

ii) High Performance Liquid Chromatography
(HPLC)

During the market study katuki, Pushkarmool

and Kustha were collected from the six major raw
drug markets from all over India and compared with
genuine plant materials collected from their native

habitat. It was found that rhizomes of katuki were
adulterated by adding roots and leaves of Katuki
plant, where as Pushkarmool and Kustha were

substituted with each other and adulterated with
Nagauri Ashwagandha. So multi tier identification
tools were developed to differentiate these original

drugs from their adulterants and substitutes.

Multi Tier identifying features of Katuki
(Picrorhiza kurroa Royle ex Benth.)

Table No. I- First Tier Identifying Features- Organoleptic or Practical Tools (on the Spot)

S.No Rhizomes(Fig -1) Roots(Fig -2)

01. Straight, slightly curved, cylindrical or sub- Thin, cylindrical, some were straight &
cylindrical , bearing impressions of round root some were slightly curved in shape.
scars and numerous scales which are tufted crown Outer surface is smooth or bearing some

of leaves (Matsyashakala). dotted scars.

02. Very bitter in taste Less bitter in taste

03. Fracture- short. A transversely cut portion, shows Fracture- short. Transverse cut portion

storage tissue which is blackish in colour is black with whitish centrally located
(Krushnabheda)and large cream colour vascular rounded wood. Cream colour vascular
bundles arranged in prominent broken ring bundles are absent.

(Chakrangi).

Note: Matsyashakala need not to be present in all the rhizomes but Krushnabheda and Chakrangi
will be present in all rhizomes.

Table No. II- Second Tier Identifying Features- Laboratory based Tools

Microscopy

0 1 Epidermis consists of 5-8 layers of Cells. In young roots Epidermis consists of

single layer cells.

02 Cortex is absent or consists of 1-2 layers of Cortex consists of 8-24 layers of cells.
cells.

03 Vascular bundles are well developed. It is generally absent or poorly
formed.
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Table No. III- TLC- Methanolic extracts

Mobile phase- Chloroform: Methanol (95:5)

0 1 Iodine vapours- Rf. 0.05, 0.07, 0.16, 0.24, 0.34, 0.61
0.21, 0.26, 0.47, 0.70, 0.88, 0.96.

02 Vanillin H
2
SO

4
 acid- Rf. 0.05, 0.07, 0.24, 0.34, 0.46, 0.58.

0.01, 0.16, 0.21, 0.26, 0.47, 0.70, 0.88,
0.96.

HPLC- Picroside II percentage

03 2.90 % 0.54%

Third and Final Tier Identifying Features- Biological & Clinical Tools

Table No. IV- Multi Tier Identifying features of Pushkarmool, Kustha and Nagauri
Ashwagandha First Tier Identifying Features- Organoleptic or Practical Tools (on the Spot)

S.No Pushkarmool(Fig -3) Kustha(Fig -4) Nagauri

Ashwgandha(Fig -5)

01. Hard Woody Starchy

02. Cylindrical gradually Tapering Fusiform Straight

03. Dark Khaki in colour Saddle Brown. Buff colour

04. Pleasant and camphoraceous Odour Strong and characteristic Earthy

05. Bitter in taste Start with little sweetness Mild bitter and sweet

and then bitter

06. Fracture short and uneven Short and horny three Tough and mealy
distinct layers can be seen

Table No. V- Second Tier Identifying Features- Laboratory based Tools

Microscopic

01. Cells of the medullary rays Cells of the medullary rays -

are polygonal to rounded are radially elongated

02. During powder microscopy it gives It also gives magenta colour It gives orange red
magenta colour with naphthol and with naphthol and sulphuric colour with naphthol and

sulphuric acid reagent (inulin acid reagent (inulin crystals). sulphuric acid reagent
crystals) (Starch grains crystals).

Phytochemical tests

03. Iodine test for starch -ve Iodine test for starch is Iodine test for starch is
–ve +ve

04. Iron salt test for resins is +ve Iron salt test for resins is Iron salt test for resins is

+ve –ve
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05. Foam test for saponins is –ve Foam test for saponins is Foam test for saponins
–ve is +ve

06. Ammonia test for flavonoid is +ve Ammonia test for flavonoid Ammonia test for
is +ve flavonoid is –ve

0 7 . Keller killiani test for cardiac Keller killiani test for cardiac Keller killiani test for

glycoside is –ve glycoside is +ve cardiac glycoside is –ve

08 On adding 50% H
2
SO

4
 in to powder On adding 50% H

2
SO

4
 in to On adding 50% H

2
SO

4
  in

gives Golden Rod colour. powder it gives Red colour powder it gives dark

orange colour

Table No. VI - TLC- Alcoholic Extracts

Mobile phase-Toluene:Acetone:Methanol in the ratio 6:2:2 shows

01. U.V.(366 nm)- 0 . 7 0 . 7 0.2, 0.26, 0.7

02. Iodine vapour - 0.16, 0.67, 0.72, 0.13, 0.66, 0.73, 0.81, 0.08, 0.67, 0.72, 0.81,
0.8, 0.92 0.86, 0.95 0.9

03. Vanilli H
2
SO

4
 acid- 0.03, 0.13, 0.1, 0.15, 0.35, 0.72, 0.06, 0.11, 0.3, 0.80,

0.79, 0.91, 0.90. 0.78, 0.87,0.95. 0.93.

HPLC

04. Ret. Time- Ret. Time- Ret. Time-
Allantolactone- 15.546 Costunolide- 10.485 Withanolide A- 17.852
Isoallantolactone- 14.446

Third and Final Tier Identifying Features- Biological & Clinical Tools

Note-

1 . First tier of identifying tools is for Ayurvedic
practitioners and pharmacies who procure raw

drugs from the raw drug traders and has limited
resources for analytic study.

2. Second tier of identifying tools if for researchers,

research college pharmacies and
pharmaceuticals with limited or well equipped
laboratories for analysis.

3. Third and final tier identifying tool is the
confirmative tool.

Conclusion

Based on the findings the study has framed
multi-tier identification instruments for these three
herbs. This tool can be used by physicians,

researchers, pharmacy, etc. partly or fully as per the
resources available to reasonably identify authentic
samples.

Suggestion

During the study sample size is very small
and all the findings were based on seven to eight

samples of each drug. So it is suggested that the users
should use this tools to further validate and require
modifications can be appended.
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Abstract:

Vastradharana is an important concept of Ayurveda and described in the context of dincharya and
ritucharya. Another important principle of Ayurveda is karnadravya and it includes desh and kala. Desh and
kala, both are responsible for division of time like day, night etc. and manifestations of various seasonal

variations. On the basis of this fact, Ayurveda says that every principle must be examined and standardized
in the context of desh and kala. Vastradharana is also not exception and thus described in the context of
dincharya and ritucharya. This prescribed regimen of vastradharana is quiet effective in the promotion of

health. By this study it is crystal clear that traditional dressing pattern of India is relevant to its climatic
conditions and definetly improves health of inhabitants.

Key words: Desha, Dincharya, Kala, Ritucharya, Vastradharana.

‚Ê⁄Ê¢≥Ê—

flSòÊœÊ⁄UáÊ •ÊÿÈfl¸Œ ∑§Ê ∞∑§ ◊„àfl¬ÍáÊ¸ Á‚hÊãÃ „Ò ÃÕÊ ß‚∑§Ê ÁflfløŸ ÁŒŸøÿÊ¸ ∞fl¥ ´§ÃÈøÿÊ¸ ∑§ ‚ãŒ÷¸ ◊¥ Á∑§ÿÊ
ªÿÊ „Ò– ∑§Ê⁄UáÊ Œ˝√ÿ •ÊÿÈfl¸Œ ∑§Ê ∞∑§ •ÊÒ⁄U ◊„àfl¬ÍáÊ¸ Á‚hÊãÃ „Ò Á¡‚∑§ •ãÃª¸Ã Œ‡Ê •ÊÒ⁄U ∑§Ê‹ ‚◊ÊÁ„Ã „Ò– Œ‡Ê ∞fl¥ ∑§Ê‹
ŒÊŸÊ ÁflÁ÷ÛÊ ∑§Ê‹ Áfl÷ÊªÊ¥ ¡Ò‚- •„Ê⁄UÊòÊ– ÁŒŸ ßàÿÊÁŒ ÃÕÊ ÁflÁ÷ãŸ ´§ÃÈ ∞fl¥ ©‚∑§ ‹ˇÊáÊÊ¥ ∑§ ¬˝∑§≈UË∑§⁄UáÊ ∑§ Á‹∞ •Êfl‡ÿ∑§
„Ò– ß‚ Á‚hÊãÃ ∑§ •ÊœÊ⁄U ¬⁄U „Ë ÿ„ SflË∑§Ê⁄U Á∑§ÿÊ ªÿÊ „Ò Á∑§ •ÊÿÈfl¸Œ ◊¥ ¬˝àÿ∑§ Á‚hÊãÃ ∑§Ê Œ‡Ê ∞fl¥ ∑§Ê‹ ∑§ ¬Á⁄U¬ˇÿ
◊¥ ÁflflÁøÃ Á∑§ÿÊ ¡ÊŸÊ •àÿÊfl‡ÿ∑§ „Ò– flSòÊœÊ⁄UáÊ ß‚∑§Ê •¬flÊŒ Ÿ„Ë¥ „Ò– ß‚Á‹ÿ ß‚∑§Ê ÁŒŸøÿÊ¸ ∞fl¥ ´§ÃÈøÿÊ¸ ∑§ ¬Á⁄U¬ˇÿ
◊¥ ÁflflÁøÃ Á∑§ÿÊ ªÿÊ „Ò– ß‚ ¬˝∑§Ê⁄U flSòÊœÊ⁄UáÊ ∑§Ê Á‚hÊãÃ SflÊSâÿ ‚¥flœ¸Ÿ ◊¥ ¬Í⁄UË Ã⁄U„ ‚ ¬˝÷ÊflÊà◊∑§ „Ò– ß‚ •äÿÿŸ
‚ ÿ„ S¬c≈U „Ê ªÿÊ „Ò Á∑§ ÷Ê⁄UÃ ∑§ ÁflÁ÷ãŸ ¬˝Œ‡ÊÊ¥ ∑§Ë ¬Ê⁄Uê¬Á⁄U∑§ flSòÊœÊ⁄UáÊ ÁflÁœ ©‚ ¬Á⁄Ufl‡Ê ∑§Ë ¡‹flÊÿÈ ∑§ Á‹∞
©¬ÿÈQ§ „Ò ÃÕÊ ÁŸÁ‡øÃ M§¬ ‚ fl„Ê° ∑§ flÊÁ‚ÿÊ¥ ∑§ Á‹∞ SflÊSâÿflœ¸ŸÊà◊∑§ „Ò–
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Introduction

Knowledge and science of Human being
depend upon their traditions. Development of the life
is only time being alteration of previous knowledge

which we get from our ancestors and transmit it to
our next generation in the form of trades. This
stream is uninterrupted right from beginning of

shristi (creation) to the present time and it will be
persisted till end of the world (Pralaya). This is
traditional Knowledge and it is being flown in our

tradition after originated from zenith of Indian
civilization “Vedic Era” and through Purana,
Upanishada, Smriti and Samhita in all fields of

existence.

Amongst, Traditional/Deshanurupa
Vastradharana/clothing pattern is also very

important field of knowledge exist by enlarge in the
Indian society according to Desh and Kala. It is an
important concept of Ayurveda. The prime

importance of vastra from ancient era to present era
is to protect human body against extreme weather
conditions and external injuries as well as to

maintain personal hygiene. Vastra performs a range
of social and cultural functions, such as individual,
occupational, sexual differentiation and social status.

In many societies norms about clothing reflect
standards of modesty, religion, gender and social
status. Our nation has been attracted to many

countries since thousands of years. Many invaders
e.g. Shaka, Huna, Kushan, Mugal, Pathan, Portugal
and British came here and some of them ruled on us

for extensive period. They came with their own
customs and social system and be imposed on the
Indian society so effects of such monarch’s culture

gave the impression on us even after passing a long
period. It changed our dressing pattern and life style.

Traditional clothing/ deshanurupa

vastradharana in India greatly varies across
different part of the country and is influenced by

local culture, geography, climate and rural/ urban
setting. Vastradharana according to climatic
condition is beneficial for swasthayaparirakshana

as defined in ritucharya in our samhitas.
Vastradharana is one of the part of practicing
dincharya and ritucharya, which are based on

concept of kala. Thus vastradharana has also its own
impact on human health. It is clearly indicated in
ayurvedic texts that which factor he going to be

utilize must be examined in the context of desh, kala
and prakriti. If the factor which is utilized by person
is favourable to the above mentioned factors will be

definitely maintain the health, otherwise deleterious
effects will be seen.

Material And Method

This thesis is based on a review of Ayurvedic

and Modern texts. Materials related to desh, kala,
vastradharana and other relevant topics have been
collected and compiled. The main Ayurvedic texts

used in this study are Charak Samhita, Susruta
Samhita, Astang Sangraha, Astang Hridya,
Bhavprakash, Yogaratnakar, Charucharya and

available commentaries on these. We have also
reffered to the Modern texts and searched various
websites to collect informations of textile, fabric,

climatic zone and traditional dressing pattern and
other relevant topics. These materials of relevant
topics are reviewed critically and discussed in detail

manner. In last summarized and concluded.

Conceptual Study

Concept of Vastradharana

It is an important part of Ayurveda in the
context of dincharya and ritucharya. The word
meaning of Vastra is to cover according to various

dictionaries and texts. So vastra is the external
covering of body made by cotton and other fabrics.
It is a part of our traditions since vedic era and

described in all the classical texts of Ayurveda. The
effects of vastradharana on general health are

Conceptual Study of The Effect of Deshanurupa
Vastradharana on General Health

Dr. Garima Srivastava, Dr. Anil Sharma, Dr. Durgawati Devi, Dr. Pushpa Gond

Conceptual Study
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described by all ayurvedic seers.

Acharya Charaka says- The wearing of clean

apparel (cloth) is attractive, conducive to reputation,
promotive of longevity, avertive of bad luck,
exhilarative, decorative, worthy of society and

commendable.1 According to Acharya Susruta,
vastradharana promotes ojas, provides charm and
pleasure.2 Acharya Bhavprakash says that the new

and clean dress enhances reputation, desire, life
span, wealth and happiness, good for skin, attractive
and pleasing.3 The description about effects of

vastradharana on health is about same in all
classical texts. These effects have approach towards
holistic health and thus have tendency to affect

every dimension of health.

In addition to general consideration of
vastradharana, some specific situations are also

described like vastradharana for student,4

vastradharana during taking meal,5 vastradharana
for sutika,6 for duta7 (messenger) and diseased

persons in which panchakarma is going to applied.8

In these situations the fabrics and clothing is planned
in such a way that these are capable to counter the

harmful effects on health.

Another new concept related with
vastradharana is also in vogue, named Ayurvastra.

It is just a modification of classical concept. In this,
Normal fabrics like organically grown cotton yarn,
jute fiber, silk, wool etc. are used to make Ayurvastra

by dyeing them with the desired herbs in a
controlled temperature and environment.
Ayurvastra cloth is completely free of synthetic

chemicals and toxic irritants and is totally organic,
sustainable and biodegradable. Around 200 herbs are
used for making various types of ayurvastra. Each

kashayas for Ayurvastra cloth typically contain
between 40 and 60 specifically blended and carefully
prepared medicinal herbs, plants, flowers, roots and

barks.

Many clinical experiments have been
conducted to show the effectiveness of Ayurvastra.

It was found through various trials that such an
environment can help those suffering from skin
diseases, arthritis, eczema, psoriasis, rheumatism and

blood pressure; all these trials showed a “marked
improvement.” It is a good approach through
Ayurvastra (healthy fabrics) to sustain our goal of

Ayurveda i.e. Swasthyaparirakshana. Along with
this, this concept is also helpful to keep the

environment pollution free.

Concept of Desh and Kala and its Relations
with Vastradharana

These two factors, desh and kala are among
the group of karnadravya and occupy all the
manifestations of universe. Ayurveda says that every

principle must be examined and standardized in the
context of desh and kala. These both factors are
responsible for the determination of climatic

conditions and manifestations of various ritu. These
factors have tendency to carried out the changes in
all living and non-living things. These changes may

be beneficial or harmful. Dincharya and ritucharya
are described to counter the harmful changes by
these on human health. Dincharya comprises the

general consideration of vastradharana, while
ritucharya comprises specific consideration. Wearing
of clothes in daily routine performs various functions

and produces various effects also in the reference to
holistic health, for example- if we consider the verse
of Acharya Charaka in this context, the effects of

vastradharana are; person looks attractive and
beautiful, longevity is promoted, avertive of bad
luck, worthy of society and commendable9 etc. So,

the approach of vastradharana is on holistic health.
There are some rules and regulations described in
the context of vastradharana; like it is indicated

after snana,10it should not be dirty and torn,11 should
not be used by other people,12etc.

Ritucharya is described with special

reference to climatic changes. This concept is further
elaborated in the context of fabrics and colours as
the basic function of vastradharanais to protect the

body from unfavorable external climatic conditions
for example- heavy and thick fabrics like wool,
leather, blanket etc. are prescribed in cold climate.

Bright colour and printed fabrics are also indicated
in cold climate due to its heat absorption property.13

The current traditional dressing pattern in

different geographical regions of India justifies its
climatic conditions and variations for example- in
Jammu & Kashmir, a type of overcoat is weared by

inhabitants due to extreme cold condition.
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Discussion

Ayurveda is the absolute science of life and

life style. It includes all the factors which are
essential for maintaince of health. Its theory is based
on equilibrium between human body and

environment. Concept of Karana Dravya has been
described in this context. Karana Dravya includes
Panch Mahabhuta, Mana, Atama, Kala and Disha.

All the manifestations of universe, either living or
non-living are bounded in the boundaries of Kala,
Disha and regularly interact with each other. This

interaction is of four types-Atiyoga, Ayoga,
Mithyayoga and Samyakayoga. Only Samyakayoga
results in Dhatu Samya of indiviuals.Rest are

responsible for the manifestation of many diseases.
Human being cannot escape from this interaction
with Kala and Disha, which is responsible for various

changes in human body. These changes work as seed
for the pathogenesis of various diseases. Principles
of Swasthavritta are described to counteract and

neutralize these changes eg. Dincharya, Ritucharya,
Ratricharya, Dashvidha Parikshya Vishya etc. If we
talk in the context of dressing and clothing, it starts

with the civilization starts. Vastradharana is
accepted as an important part of Dincharya and
Ritucharya which are the basic principles designed

to neutralize the effect of Kala. The concept of
Vastradharana is not only limited to healthy people
but also described in the context of diseased person

eg. In “Upkalpaniya chapter”, Acharya Charaka has
indicated types of clothing for a person to whom
Vamana Karma is going to be applied. Therefore we

can say that, the concept of Vastradharana has vast
scope and essential from birth till death.

It is previously stated that health is depend

on equilibrium between human being and
environment, so Vastradharana will defeinetly affects
the status of health. That’s why it is an important

part of Dincharya and Ritucharya and must be
standarised in the context of Desh and Kala. Vastra
is an external covering of human being made by

Karpasa  etc. natural fabrics, although synthetic
fabrics are also in vogue in current era. In Ayurveda
Vastra is considered as like an ornament. So it not

only protects the body from external climatic
conditions, though it creates a positive balance of
energy between body and environment as well as it

is a symbol of decency or modesty or prosperity in

the society. In this way Vastradharana fulfill the
following purposes-

1 . It protects the body from external climatic
conditions and infections.

2. It creates a positive energy between human

being and environment.

3. It is a symbol of civilization, culture and
tradition.

Therefore, Vastradharana is not only limited
to physical health, although it also influences mental,
social and spiritual health. In other words, approach

of Vastradharana is holistic health. So it must be
considered in the context of Desh and Kala.
Properties of Vastradharana are described in detail

in ayurvedic texts. These properties can be
discussed in five groups; physical, mental, social,
spiritual health and diseased condition.

1. Physical - It works like an ornament,
attractive, enhances immunity, maintains the
cleanliness, protects the body from external climatic

condition and infections, increases ojas, Tvachaya
(beneficial for skin ), maintains the hygiene of skin,
increases the interest for food and symbol of health.

2. Social - It is closely related with culture
and tradition, conducive to reputation,
Saubhagyakara, increases the wealth and happiness,

pleasant, enhances the affection and charm.

3. Mental – It removes hasitation,
promotes longetivity, evertive of bad luck,

Rakshoghana, Ayushya, increases reputation,
Medhya, person feels attractive and pleasant, being
an ornament, it creates positive energy which

improves mental health.

4. Spiritual – Its spiritual functions are
described in the context of student and at the time

of taking food and for saint. For this purpose, special
color and fabric is described as it creates positive
energy, so it affects spiritual health at higher level.

5. Diseased condition – In the context of
diseased condition, various references are found like
dressing of Garbhini, person to whom Vamana

Karma is applied etc. Use of different fabrics is also
indicated in some type of Svedana Karma. As the
approach of Vastradharana is holistic towards
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health, it helps in medication and different treatment
procedures for the acquisition of health. Clean

vastradharana by messenger is accepted as a good
luck sign and happiness to the patient. It also
indicates towards the good prognosis of the disease.

In Ayurveda, desh means particular
geographical area or body. Here meaning of desh is
referred to particular geographical area, while Kala

is time. In the context of human being, desh plays
an important role in the determination of
dehaprakriti. While, kala is responsible for the

various changes in the body. Kala is divided into two
parts; samvatshar and atura Avastha for the
convenience of physician or vaidhya. Here we will

talk about samvatshar aspect of kala. It is further
divided into ayana (Dakshinayana and Uttrayana)
and in six ritus of two months each. Classification of

ritu is based on-

1 . Different positions of earth, sun and moon.

2. Geographical region.

3. Characteristic of shita, ushna and varsha.

In Ayurveda, two types of six ritu
combinations are found, first is consideration with

shishir ritu and second with pravrita ritu. The shishir
ritu is included ritu for ritucharya, while pravrita
ritu combination is for shanshodhana karma. So it

is seen by reviewing the literature of Ayurveda in the
context of desh, kala and ritucharya that, the
concept of desh is included in the determination and

classification of various ritu, as well as various diet
planning and activities are designed to mitigate the
combined effects of desh and kala, in the form of

dincharya and ritucharya.

Vastradharana is essentially included among
in the activities of  dincharya after snana (bath). It

is the general consideration of vastradharana and
basically related with-

v Protection of body from external environment.

v Person looks beautiful and civilized so essential
for becoming part of civilized society.

The first aim of vastradharana is physical

protection from external environment as described
in dincharya and it is further elaborated in the
concept of ritucharya. Here, we will discuss concept

of vastradharana in relation to various ritu having
the characteristic of shita, ushna and varsha.

Shita Ritu (Shishir and Hemant)

The main characteristic of this time period is
cold atmosphere which is increasing from hemant to

shishirritu. The main requirement of the body in the
context of this time period is to protect from
hazardous effect of cold that’s why a variety of

fabrics and clothes are described for various
purposes like wearing, bed sheets, mattress,
covering, curtains etc. The indicated fabrics are

cotton, leather, silk, wool and bark etc. Colour of
fabrics is also mentioned like colourful and various
prints should be used. This pattern absorbs the sun

rays and helps to keep body warm. These indicated
fabrics and cloth made by these are capable to
maintain the homeostasis of temperature of the body

and thus protect it from cold, external environment.
If it is not followed various Ritujanya disorder are
manifested.

Ushna Ritu (Basant And Grishma)

The main characteristic of this time fraction
is hot environment as the sun rays become stronger

and more intense. The requirement of the body in
this season is not only maintain the homeostasis of
temperature; though skin should be kept clean and

dry as perspiration increases and it will become the
cause of various skin infections. The indicated fabrics
and clothing are light and thin which will be helpful

in the maintaince of aeration of the skin and thus
hygiene of the skin. The indicated colour of clothes
are white and Kasaya (saffron coloured ) the white

colour is soothing for the eyes as well as reflects the
sun rays and helpful in the maintaince of
temperature homeostasis of the body. The Kasaya

Vastra having the properties of shitala, laghu and
pacifies pitta which is perfect for this time period.

Varsha Ritu (Varsha And Sharada)

In this time fraction, environment is humid
and temperature is subnormal. Both the conditions
provide perfect environment for the growth of

microorganisms. Recommended clothes are light and
woolen; both depend upon the temperature of
environment. Colour of clothes should be white. The

light fabrics are capable to maintain the aeration and
cleanliness of skin, thus prevents various skin
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infections and suitable when temperature is
subnormal. Woolen and heavy clothes should only

be weared when temperature is too cold. The white
colour is neither hot nor cold in the effect. As well
as it compensates the bad effects of cold and heat of

the sun. One another concept can also be considered
in this context that environment become very
muddy and white colour helps the individuals to

keep neat and clean in this season.

In this way we can say that vastradharana
is indicated as important part of life style. Use of

vastra is indicated from two points of view-

1 . General

2. Specialized according to various seasonal

changes.

Various types of fabric and clothes as well as
their colours are described according to seasonal

changes as vastradharana has important impact on
holistic health. So it is closely related with desh and
kala. It should be seriously followed, otherwise

various ailments can occur.

For the clothing styles and convenience of
the study India is divided into five regions

1 . East India

2. North east India

3. North India

4. West India

5. South India

Climate and Clothing of East India

It consistthe states of Bihar, Jharkhand,
Orissa, West Bengal and Sikkim. The region lies in
the humid subtropical zones and experiences hot

summer from March to June, the monsoon from July
to October and mild winter from November to
February. Saree is the traditional dress of women in

west Bengal, Bihar, Jharkhand and Orissa and the
cotton and silk fabrics are mostly used in this region.
The male traditional dresses are various types of

dhoti and lungi along with kurta and shirt. The
costume of Sikkim is slightly different. The original
female inhabitant of Sikkim wears a type of

wraparound skirt with blouse and jacket.

This region of India experiences extreme of
summer and monsoon while winters are mild. The

fabric used in this region is cotton and silk, both are
very much comfortable in summer and monsoon
season as they possess special features like absorbs

sweat and keeps the skin dry. These features prevent
various skin infections and both fabrics are light to
carry.

Climate and Clothing of Northeast India

North east India comprises seven sister
states—Arunachal Pradesh, Assam, Manipur,

Meghalaya, Mizoram, Nagaland and Tripura—
and the Himalayan state of Sikkim. This reason
featured humid subtropical climate with hot humid

summer and severe monsoon and mild winter. In
some states like Arunachal Pradesh and Sikkim the
temperature is very much low. The traditional dress

of female is variety of skirt wear with blouse and
stole. Although the name of this is different in each
state and the traditional dress of male is dhoti, jacket

and turbans.The fabric used is silk which is very
much light to carry and maintain the aeration of the
skin as monsoon season is predominant here. The

dress weared covers the whole body and thus
prevents the skin form insect bites which is also very
much predominant in monsoon season.

Climate and Clothing of North India

It can be divided into two parts, that is
western Himalayan region which covers Jammu &

Kashmir, Himachal Pradesh and Uttrakhand
mainly and northern plains which covers Haryana,
Punjab, Uttar Pradesh, Rajasthan, Madhya

Pradesh, Delhi and Chandigarh.

North India lies mainly in the north
temperate zone of the earth though cool or old

winters, hot summer and moderate monsoon are the
general pattern. North India is one of the climatic
diverse regions on the earth. Extreme temperature

has ranged from -45? C in Drass (J & K) to 50.6? C
in Alwar (Rajasthan). The standard season of winter,
spring, summer, monsoon and autumn are

experienced by all regions except Ladhaka and the
Lahaul/Spiti region of Himachal Pradesh.

The hilly areas of North India that is J&K,

Himachal and Uttrakhand have the predominance of
cold weather. The traditional dress of J&K is the
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pheran which is long gown like dress with clourful
floral prints and designs. It is outer most covering of

the dress. Kurta and Salwar are weared inside,
commonly used fabric is cotton, wool and silk.It is the
basic pattern of traditional dress and modified

versions is also seen in different class of society. In
Himachal Pradesh approximately same pattern is
belonged, in the case of Uttrakhand the high altitudes

regions belongs to the pattern close to Himachal and
Jammu & Kashmir, while the lower altitude regions
belongs to the pattern related with north most area

of  Uttar Pradesh. The dressing pattern and fabrics
used in these regions clearly justified with its seasonal
pattern. A gown like dress along with scarf or cap is

weared upon the complete dress which is made by
woolen and it is necessity to counteract the effects of
extreme cold.As we come down towards the plain

areas, this gown like dress is not regularly weared and
the dressing pattern is similar to the adjacent area.

If we talk about the plain area of North India,

the variety of dressing pattern is being seen in
different states. The popular dressing pattern in
Punjab, Haryana and Chandigarh is kurta, paijama or

lungi and Female wears a type of wraparound skirt
with Kurta and Stole. Males usually wear Turban. The
fabric mainly use are cotton and wool. The ideal

three types of weather cold, hot and rain is seen in
these areas and this dressing pattern and fabrics are
sufficient to protect from the climate changes.

In Uttar Pradesh and Madhya Pradesh, the
traditional pattern is Salwar-kameez and saris, the
mixed type of fabrics are used cotton, wool and silk

etc. Males wear kurta, pajama or dhoti.

In Rajasthan, the traditional pattern of
dressing is a skirt of  long diameter with blouse and

stole (odoni), males wear dhoti or pajama and special
type of kurta and pagari (turban).Varieties of turban
are seen in the various regions of Rajasthan and size

of stole for women is also very large. Common used
fabrics are cotton and wool. The people cover
himself completely with their dresses which prevent

them from hot waves of the environment. The cotton
fabric is very much soothing in hot climate of
Rajasthan.

In Delhi, a mixed type of dressing pattern is
seen as people from various parts of country are
residing.

Climate and Clothing of South India

South India comprises the states of Andhra

Pradesh, Karnataka, Kerala and Tamil Nadu as
well as the union territories of Lakshadweep and
Pondicherry. The season is very Tropical climate

with the monsoon. The maximum temperature in
summer is 40 ?C and minimum is 20 ?C. The
traditional clothing in south India is Saree with

blouse in women and lungi or dhoti with shirt or
kurta in men. The method to carry Saree or lungi is
variable in different states. Usually light colour

shades, white and cream are in vogue. The fabric
mostly used is cotton and silk. The climatic condition
of south India usually pleasant whole year, not so

much temperature fluctuation is seen. Usually humid
climate is found due to adjacent coastal areas, so
saree and lungi are perfect dress for this

environment as well as cotton and silk fabrics are
also very much suitable for this type of climate. The
pattern to carry the saree and lungi is also modified

according to slight difference in climatic changes of
different states.

Climate and Clothing of West India

The western reason of India consists the
states of Goa, Gujarat and Maharashtra, along
with the Union Territories of Daman and Diu and

Dadra and Nagar Haveli. The climate varies
between tropical wet and dry and semiarid. The
coastal regions experience little seasonal variations

although the temperature ranges between 20 ?C to
38 ?C. The traditional dress of Gujarat is a type of
skirt with long diameter, blouse and stole, in some

areas Saree is also weared. Traditional dress of
Maharashtra is Saree in its specific style. In Goa,
western dress like skirt and tops, trousers and shirts

and wraparound are weared. Although; some women
also carry Saree. The fabrics used are cotton, silk and
synthetic. The dress pattern of Gujarat is very much

similar to Rajasthan, not in whole state but in the
areas where climate is similar to Rajasthan. The
pattern of dressing in Goa is very much influenced

by the western culture due to repeated invasion of
Portugalise.

Clothing is an essential component of

civilization. The current pattern of dressing is
different in rural and urban areas and even in small
towns and metropolitans also. This pattern is very
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much influenced by various factors in its journey
from ancient to current era. The influencing factors

are necessity, geographical structure, repetitive
invasions by various other civilizations and no doubt
fashion also. But the basic theme is still same as

described in Ayurvedic classics. In Ayurveda,
dressing is defined and compared as wearing an
ornament. As the various ornaments maintain the

homeostasis of body by its positive energy and by
maintaining the equilibrium between bodily energy
and cosmos energy. It is also sign of good luck. Same

properties dress possesses, but it also has some
additional properties. Actually vastradharana,
Abhushanadharana and Pushpadharana are

considered collectively and increase the properties
of each other. Abhushana and Pushpadharana play
their role at subtle level, while vastradharana at gross

and subtle both levels. Geographical consideration in
vastradharana is basically related with gross health,
but it should not be understood that subtle level

have been left. The concept of vastradharana has
merged with tradition and culture. So all the people
of society must follow it and maintain their health.

The climatic conditions of any geographical
area include both the concepts of desh and kala. By
reviewing the traditional dressing pattern in every

part of country it is clearly shown that these patterns
of dressing are quite justified with their climatic
conditions and protects the people from harmful

effects of climate and its changes. It is basic aim of
vastradharana. It has previously stated that current
pattern of dressing is influenced by various factors.

The things are very much changed in the context of
vastradharana like fabric, dressing pattern, use of
chemicals etc. All these things are discussed in detail

in the modern concept of textile and fabrics. It is
clearly seen that community is continuously exposed
to various hazards by wearing the current fabric and

dresses because various chemicals are involved in
the treatments of the clothes in its whole journey.

 Another aspect is also very vast and useless

to discuss here but must be kept in mind.
Vastradharana is unavoidable phenomena and an
important part of any culture. In Ayurveda, it is

designed in such a way to protect and promote the
human health with special reference to desh and kala.
This concept is being followed in traditional dressing

pattern of India and thus protects and promotes

their health. In most of the urban and metropolitans
areas of country, it is not followed and the results

are well known. So there is a need to aware the
society about the traditional dressing pattern
(deshanurupavastradharana) and its relation with

health protection andpromotion.

Conclusion

Following conclusions can be made –

v Ayurveda is a complete science of lifestyle and
advocates how people live long and healthy life.

v It includes various principles to maintain

Dhatusamya which are known as Swasthavritta.

v Dincharya and Ritucharya are specific principles
described for the mitigation of various effects of

Kala on the body.

v Vastradharana is a general principle described
in dincharya but it is further elaborated and

standardized in ritucharya with special reference
to desh and kala.

v The current dressing pattern results from

various modifications and changes as time
passes.

v A contemporary and fusion of current dressing

pattern with Ayurvedic principles should be
evoluted as various health hazards are seen by
it.

v Vastradharana is an important part of daily
routine so must be followed according to
principles and it will definitely preserve and

promotes the holistic health.

v It is only a conceptual study with certain
limitations and should be elaborated in the form

of experimental and survey study.
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Abstract

Introduction : Ayurveda has individualized the concept of health. No two individual are completely
alike physically, mental aptitudes, abilities or in vital reactions. The study was conducted to appraise the
hidden concept of Angula Pramana; an effort was made to establish relation between Pramana of various

parameters for Adhah Shakha mentioned in classics and modern anthropometric landmarks and findings
and to standardize the Svaanguli Pramana. Methodology : In the study, anthropometric measurement of
breadth of middle finger at the level of proximal interphalangeal joint of left hand (BM) was taken.  The data

for 15 parameters of Adhah Shakha of left side were recorded, converted into Angula (by BM) and analysed
statistically with Samhita value. 100 females having 18-30 years of age, same geographical area (Rajasthan)
and socioeconomic status were included. Females having any congenital and pathological deformities,

metabolic and endocrinal disorders, amputation of limb and pregnancy were excluded. Results : It was
found that measurement of Anguli Pramana BM would be average of 1.38-1.71 and SD 0.08. Discussion
and Conclusion : Variations found in mean value in study may be due to the small sample size, and

evolutionary changes. Maximum variations were seen in Uru Aayama and Jangha Aayama.  The obtained
measurements of Paadamadhyama, Prapada Aayama, prapada Vistara, Paadatala Aayama, Parshni
Aayama and Januparishthata were found to be almost nearer to the Samhita value.

Keywords: Adhah Shakha, Angula Pramana, Aayama, Vistara, BM.

‚Ê⁄Ê¢≥Ê-

¬˝SÃÊflŸÊ-•ÊÿÈfl¸º ◊¥ SflÊSâÿ ∑‘ Á‚hÊãÃ ∑§Ù √ÿÁQ§∑Î§Ã Á∑§ÿÊ „Ò •ÕÊ¸Ã˜ ºÙ √ÿÁQ§ ≥ÊÊ⁄ËÁ⁄∑§, ◊ÊŸÁ‚∑§ ÿÙÇÿÃÊ ∞fl¢
¡ËflŸËÿ ÁR§ÿÊ•Ê ◊¥ ¬ÍáÊ¸ÃÿÊ ‚◊ÊŸ Ÿ„Ë¥ „ÙÃ ÿ„ •äÿÿŸ •¢ªÈÁ‹ ¬˝◊ÊáÊ ∑‘ ¿ÈU¬ „È∞ Á‚hÊãÃ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ ∑§⁄Ÿ ∑‘ Á‹∞
Á∑§ÿÊ ªÿÊ ß‚ •äÿÿŸ ◊¥ •ÊÿÈfl¸ºËÿ ª˝¢ÕÙ ◊¥ ©fÎÃ •œ— ≥ÊÊπÊ ∑‘ ÁflÁ÷ÛÊ ¬˝◊ÊáÊÙ¥ ÃÕÊ •ÊœÈÁŸ∑§ ◊ÊŸÁfl∑§Ëÿ ◊Ê¬ ∑‘ ‚Ë◊ÊÁøã„Ù¥
∑‘ ◊äÿ ‚ê’ãœ …ÍU…U∏ŸÊ ∞fl¢ SflÊ- •¢ªÈÁ‹ ¬˝◊ÊáÊ ∑§Ù ◊ÊŸ∑§Ë∑Î§Ã ∑§⁄ŸÊ– ¬̋ÁflÁœ - ß‚ •äÿÿŸ ◊¥, ◊äÿ◊Ê •¢ªÈÁ‹ ∑§Ë øı«UÊß¸
∑§Ê ◊ÊŸ∑§Ë∑Î§Ã ◊Ê¬Ÿ, flÊ◊ „SÃ ∑‘ ‚◊Ë¬SÕ •ãÃ⁄Ê¢X‰‹ÊÁSÕ ‚¢Áœ ∑‘ SÃ⁄ ¬⁄ Á∑§ÿÊ ªÿÊ flÊ◊SÕ •œ— ≥ÊÊπÊ ∑‘ 15 ◊Ê¬ºá«UÙ
∑‘ •Ê°∑§«∏ Á‹∞ ª∞ ©ã„¥, ©¬⁄ÙQ§ ◊äÿ◊Ê •¢ªÈÁ‹ ∑§Ë øı«∏Êß¸ ∑‘ •ÊœÊ⁄ ¬⁄ •¢ªÈ‹ ◊¥ M§¬ÊãÃÁ⁄Ã ∑§⁄ ‚¢Á„ÃÙQ§ ◊ÊŸÙ¥ ‚ ‚Ê¢ÁÅÿ∑§Ë
∑‘ •ÊœÊ⁄ ¬⁄ Áflü‹Á·Ã Á∑§ÿÊ ªÿÊ ß‚ •äÿÿŸ ◊¥ ‚◊ÊŸ ‚Ê◊ÊÁ¡∑§ •ÊÁÕ¸∑§ SÃ⁄ ∞fl¢ ‚◊ÊŸ ÷ıªÙÁ‹∑§ ˇÊG (⁄Ê¡SÕÊŸ) ∑‘
18-30 fl·¸ Ã∑§ ∑§Ë •ÊÿÈ flÊ‹Ë 100 ŸÊÁ⁄ÿÙ¥ ∑§Ù ‚◊ÊÁ„Ã Á∑§ÿÊ ªÿÊ ©Ÿ ŸÊÁ⁄ÿÙ¥ ∑§Ù, Á¡Ÿ◊ ∑§Ùß¸ ¡ã◊¡ÊÃ •ÕflÊ ⁄ÙªÊà◊∑§
Áfl∑Î§ÁÃ, ©¬Ê¬øÁÿ∑§ •ÕflÊ •¢ª Áflë¿Uº ÕÊ ÃÕÊ ¡Ù ªÁ÷¸áÊË ÕË, •äÿÿŸ ◊¥ Ÿ„Ë¥ Á‹ÿÊ ªÿÊ– ¬Á⁄áÊÊ◊ - •¢ªÈ‹ ¬˝◊ÊáÊ
(◊äÿ◊Ê •¢ªÈÁ‹ ∑§Ë øı«∏Êß¸) ∑§Ê ◊ÊŸ 1.38-1.71 ‚.◊Ë. ∞fl¢ ◊ÊŸ∑§ Áflø‹Ÿ 0.08 ‚.◊Ë. ¬˝Ê# „È•Ê– ¬Á⁄øÿÊ¸ ∞fl¢ ÁŸc∑§·¸
- ß‚ •äÿÿŸ ◊¥ •ÊÒ‚Ã ◊ÊŸ ◊¥ Á÷ÛÊÃÊ Áfl∑§Ê‚ ‚ „È∞ ¬Á⁄flÃ¸Ÿ ∞fl¢ ¿UÙ≈ ¬˝ÁÃº≥Ê¸ ∑‘ ∑§Ê⁄áÊ „È∞ „Ò •Áœ∑§Ã◊ Á÷ÛÊÃÊ ™§L§
•ÊÿÊ◊ ∞fl¢ ¡¢ÉÊÊ •ÊÿÊ◊ ◊¥ ¬Êß¸  ªÿË ¬Êº◊äÿ◊Ê, ¬˝¬º •ÊÿÊ◊, ¬˝¬º ÁflSÃÊ⁄, ¬ÊºÃÊ‹ ¬ÊÁcáÊ¸¢ •ÊÿÊ◊ ÃÕÊ ¡ÊŸÍ¬Á⁄CÊÃ ∑‘
¬˝Ê# ◊Ê¬Ÿ ‚¢Á„ÃÙQ§ ◊ÊŸ ∑‘ •Áœ∑§ÊÁœ∑§ ÁŸ∑§≈ ¬˝Ê# „È•
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Introduction

No two individual are completely alike

physically, mental aptitudes, abilities or in vital
reactions.  This is because each person occupies a
point in space-time different from that of everyone

else.  Each person thus enters into life with a peculiar
view-point, mode of reaction to environment and
susceptibility to physical and psychic influences.  No

two persons suffering from the same disease run
exactly similar course. Hence, Ayurveda has
individualized the concept of health.1

Anguli means finger and Pramana means
measurement. Thus Anguli Pramana or finger
measurement is the equal to the average breadth of

the finger of the individual whose body is being
measured. This shows the ingenuity of our Acharyas,
who, in an era when there were no universally

accepted scales or units of measurements, developed
a single tool, Svaanguli i.e. the fingers of the
individual himself as a measuring device and also

unit of measurement.

Lower limb parameters have been shown to
be a relatively accurate biological characteristic from

which identification can be made in terms of
estimating sex and stature.  Because lot of variations
exist in lower limb measurements due to numerous

environmental, dietary, senile and other factors
hence this field need lot of research in this direction.
Individual Svaanguli i.e. the unit of measurement

used to measure various Anga- pratyanga has not
clearly mentioned from which anatomical point this
Svaanguli was taken and definite anatomical and

anthropometric points, landmarks regarding various
Anga- pratyanga descriptions are not clearly given
in our classics. Thus, the study was conducted to

swot up the hidden concept of Angula Pramana
given in our contexts, analyze state of development
of anthropometry in the era of our classics; an effort

was made to establish relation between Pramana of
various parameters for Adhah Shakha mentioned in

Anthropometric Study of Adhah Shakha w.s.r. To Anguli
Pramana Described in Brihattrayi

Dr. Nishi Jain, Dr. Vikash Bhatnagar, Dr. Sandeep M. Lahange

Conceptual Study

classics and modern anthropometric landmarks and

findings and to standardize the Svaanguli Pramana.

Review Of Literature

Pramana Sharira can be described as the

knowledge related to the body in context of life-
span, measurement of parts and sub-parts of the
body and all Saara. The body has been described (in

terms of measurement) with own fingers2. Utsedha
means height, Vistara means extension, and Aayama
indicates length3. Sakthi means region extending

from Kati Sandhi to the toe of foot. The
Paadangushtha (great toe) and Pradeshini (second
toe) of the foot are 2 Angula long by measuring with

own fingers. Each digits of limb are 1/5th shorter
than the predecessor. Great toe and second toe are
2 Angula in length excluding the nail. Sole of foot is

divided into three parts: Prapada, Paadatala and
Parshni4.  Prapada is the forepart of the front of foot
excluding the digits (Haranchandra). Paadatala is

the sole proper i.e. part of the arch of foot and
Parshni is the Khudika Bhaaga (Indu) and part below
Gulpha or ankle (Haranchandra)5. Paada represent

the total length of the sole of foot on plantar aspect.
Regarding the breadth of foot, Charak mentioned a
single measure of 6 Angula. The height of foot has

been mentioned by Charak and Vagbhata. Indu
explained the height of foot to be from the floor up
to the Gulpha is 4 Angula6. Jangha defined as region

between Jaanu (knee joint) and Gulpha (ankle joint).
Its measure is 18 Angula in length. Uru is the part
between Jaanu Sandhi (knee joint) and Vankshana

Sandhi (hip joint).  Its length is also 18 Angula which
is equal to the length of Jangha7 but according to
Bhanumati Tika both are 24 Angula in length8.

Januparishthata means region from lower border of
Jaanu Sandhi (knee joint) upto the Kati Sandhi. It is
32 Angula in length.  Januparishthata and Jangha

together is 50 Angula in length. The height of a
person, which is 120 Angula, should be measured
from toes to fingers with his hand raised up9.
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Angula derived from root word “Anga” with
“Ula” suffix. In Deshakaalamaana chapter of

Kautilya Arthashastra10 and Adhamalla commentary
on Sharngadhara Samhita11 it is mentioned that
Madhyaprakarsha (proximal interphalangeal joint)

of Madhyama Anguli (middle finger) of Madhya
Kaaya Purusha is equal to Angula.

Pramana Sharira is the term given to that

section which depicts the importance of
anthropometry in contemporary sciences.  The word
‘Anthropos’ means human and ‘Metry’ means

measurement.  It is the science that defines physical
measures of a person’s size, form and functional
capacities. It is the systematic collection and

correlation of measurements of the human body.

Modern anthropometry now incorporates wide
ranging streams12 like

1 . Physical anthropology, craniometry, ergonomics,

paleoanthropology, criminology, physiognomy,
phylogeography, evolution significance,
biometry, racial identification etc.

2. In the diagnosis of many diseases, accidents and
deformities of the body, physicians and surgeons

resort to measurement of the external form,
which measurements, to be of value to science
etc.

3. Physiological and pathological queries can only
be set at rest by extensive anthropometrical

inquiries.  In effect of climate on development of
a race; effects of season, of peculiar hygienic
conditions, of diseases of hereditary or accidental

characters etc.

4. In the rate of growth of children, in proportions
which exist at different ages, in the nature and
peculiar effects of work in modifying physical

capacity and strength of individual, in selection
of recruits for the military and naval services of
the country, in physical degeneracy of a people

etc.

Thus, today the branch of anthropometry is

not just limited to anthropology alone; it has
widespread applications in various walks of life.

Materials And Methodology

This study was conducted to survey
anthropometric measurement of left Adhah Shakha

in reference of subject’s own Svaanguli Pramana.
Data were collected from 100 healthy females of

Ayurvedic tertiary care centre of Jaipur and
Jodhpur.  Lower limb measurements for left side of
body were taken in centimeters for standardization

as per metric system and then converted into Angula
based on Svaanguli Pramana (BM) and analyzed
statistically with the reference values.  International

Biological Programme has recommended that all the
bilaterally represented anthropometric
measurements be taken on the left side of the body.

Inclusion criteria

Apparently healthy females of age group 18
to 30 years and different province of same

geographical area (Rajasthan) and socio economic
status were selected.  All Dhaatu of body is
inSamatvaagatavirya condition.  Epiphyseal fusion

is completed in this age group and growth become
static.

Exclusion criteria

1 . Individuals with congenital deformities and
physical disabilities, deformities like fracture,
pathologies pertaining to musculoskeletal system

and other metabolic and endocrine disorders.

2. Individuals who had undergone amputation of
limb.

3. Individual with pregnancy.

Instruments used for study:

Digital Vernier’s calliper, Anthropometer rod,
measuring tape.

Parameters, anthropometric landmarks and method
of measurements selected for study:

1 . For Angula Pramana: breadth of
middle finger of left hand at the level of proximal

interphalangeal joint (BM)

2. Paadangushtha, Paadapradeshini,
Paada Madhyama, Paada Anamika, Paada
Kanishthika

Subject was in the sitting position and
measurement was taken by using measuring tape.

The distance between proximal end of toe to
proximal end of nail was measured from dorsal
aspect of foot for both limbs.  Same procedure was

repeated for the rest four fingers. Instrument used:
Measuring Tape
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3.  Prapada

Subject was in the sitting position with
extended leg and measurement was taken by using

digital vernier’s calliper.  Length was measured from
skin crease corresponding to 2nd
metatarsophalangeal joint to midpoint of horizontal

line passing through point where anterior part of
arch of foot curves laterally and breadth was
measured at the level of midpoint of length in front

of arch of foot.  Instrument used: Digital Vernier’s
calliper.

4. Paadatala

Subject was in the sitting position with
extended leg and measurement was taken by using
digital Vernier’s calliper.  The part at the level of arch

was measured in length and breadth was measured
at the level of midpoint of length at the arch.
Instrument used: Digital Vernier’s Calliper

5. Parshni

Subject was in the sitting position with
extended leg and measurement was taken by using

digital Vernier’s calliper.  Length was measured from
pterion to midpoint of line passing through point
where the posterior part of arch of foot curves
upward and breadth was measured at the level of

midpoint of length behind the arch of foot.
Instrument used: Digital Vernier’s Calliper

6. Paada

Subject was in the sitting position with
extended leg and measurement was taken by using
measuring tape. The distance between pterion i.e.

the hind-most point on the heel to proximal end of
second toe of the stretched foot was measured for
both limbs.

Instrument used: Measuring Tape

7.  Jangha

Subject was in the sitting position and in
abduction, lateral rotation of thigh and knee in flexed

position with ankle placed on knee of other limb.
Measurement was taken by using measuring tape.
The tibiale point i.e. the highest point on the inner

glenoidal margin of tibia was held with the
measuring tape, and movement of the tape was
controlled to extend to the Spherion point i.e. the

lowest point on the tip of the medial malleolus of

tibia.  No pressure was made on the body surface to
reduce possible error in contact measurements.

Instrument used: Measuring Tape

8. Uru

Subject was in the sitting position and

measurement was taken by using a measuring tape.
The midinguinal point was held with the measuring
tape, and movement of the tape was controlled to

extend to the base of patella.  No pressure was made
on the body surface to reduce possible error in
contact measurements.

Instrument used: Measuring Tape

9. Januparishthata

Subject was lying supine and measurement

was taken by using measuring tape. The tibiale point
was held with the measuring tape, and movement of
the tape was controlled to extend to the line joining

both anterior superior iliac spines.  No pressure was
made on the body surface to reduce possible error
in contact measurements.

Instrument used: Measuring Tape

Precautions taken during measurements

In order to take accurate measurements and

ensure their reliability the following
recommendations have been made:

1 . All instruments should be clean and their

precision duly verified.

2. During the measurement procedure the subject
should be in minimal clothing because that may

interfere with the procedure or else the clothing
should be removed if circumstances permit.

3. While taking the measurement with the calliper

no pressure should be applied on the points of
landmark located on the skin surface.

4. Ring/ ornaments or accessories were removed

from the fingers.

5. The Vernier’s calliper was not pressed too tight
nor left too loose.  It was assured that there was

no space between the calliper and the finger.  The
Vernier’s calliper was held perpendicular to the
long axis of the finger.

6. For the sake of clarity all measurement should
be taken in same unit cms.
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Observations And Results

Table No-I Table showing breadth of middle finger of left hand at the level of proximal

interphalangeal joint.

Parameter Range (cms) Mean (cms) SD

BM 1.38-1.71 1.53 0.08

Breadth of middle finger of left hand at the level of proximal interphalangeal joint varies between
1.38 to 1.71 with a mean of 1.53 cms and SD 0.08.

TABLE NO- II : Table showing mean values of different parts of Adhah Shakha and

comparison with Samhita values

PARAMETERS Samhita Value sample S.D. lowest value highest value
(Angula) mean (Angula) (Angula)  (Angula)

Paadangushtha 2 1.76 0.19 1.383 2.269

Paadapradeshini 2 2.23 0.21 1.548 2.732

Paada Madhyama 1.6 1.6 0.20 1.2 2.173

Paada Anamika 1.28 1.52 0 . 1 7 1.242 2.013

Paada Kanishthika 1.024 1.36 0.15 1.069 1.753

prapada Aayama 4 3.82 0.29 2.963 4.736

prapada Vistara 5 5.01 0.36 3.572 5.739

Paadatala Aayama 4 3.71 0.40 2.791 4.681

Paadatala Vistara 5 4.54 0.24 4.052 5.102

Parshni Aayama 5 4.87 0.39 4.067 5.972

Parshnii Vistara 4 3.35 0.23 2.694 3.835

Paada length 1 4 12.96 0.62 11.834 15.034

Jangha length 18 23.93 1.74 19.878 29.37

Uru length 18 25.62 1.76 20.181 30.139

Januparishthata 32 31.04 2.15 24.695 36.503

Graph No-1 Graph showing mean values and Samhita values of different parts
of Adhah Shakha.
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Discussion

1 . This concept is explained in the context of

Pramana Sharira.  This concept of measuring the
individual with individual specific unit seems to
be more scientific and applicable rather than

measuring individual with some other standards.
Individuality is the characteristic property of
Svaanguli Pramana.  Ayurveda in its principles

has given prime importance to individualistic
approach rather than a generalized.

2. In present study most of the values of various

parameters measured by B.M were nearer to the
values mentioned by the Samhita.

3. Breadth of middle finger of left hand at the level

of proximal interphalangeal joint varies between
1.38 to 1.71 with a mean of 1.53 centimetres and
SD 0.08.

4. Maximum variations of obtained mean
parameters from that of the values mentioned in
Samhita were seen in case of Uru Aayama and

Jangha Aayama. But this variation of Uru
Aayama and Jangha Aayama can be justified by
the commentary of Chakrapani (Bhanumati

TIka), who stated that length of Jangha and Uru
are 24 Angula and not 18Angula, hence
increased value obtained in case of them may be

acceptable.

Variations in measurements obtained in the
present study may be due to variability in ethnic

origins and racial affiliations which leads to
alterations in body dimensions, due to changes
in locomotor pattern, lifestyle and energy

expenditure.  Since subjects of Rajasthan live in
a hot arid climate, the energy expenditure is
more.  In order to compensate all these factors,

the subject’s surface area of body are increased,
hence middle to large build individuals are found
in this zone.  Also, the measurements given in the

Samhita are based on the observations on people
who lived a few thousand years ago.  Over the
period of time; due to lifestyle and evolutionary

changes, changes in anthropometric
measurements can happen which has to be
comprehended while analyzing the results of the

study. Thus, increased limb length measurements
obtained may be attributed to these evolutionary
changes over the past 2 millennia.

5. For the parameters of less than or equal to 2
Angula in measurement, the obtained mean

value of Paada Madhyama (1.6 Angula) were
found to be almost nearer to reference value.

6. For the parameters of 4 Angula in measurement,

the obtained mean value of Prapada Aayama
(3.82 Angula) and Paadatala Aayama (3.71
Angula) were found to be almost nearer to

reference value.

7 . For the parameters of 5 Angula in measurement,
the obtained mean value of Prapada Vistara

(5.01 Angula) and Parshni Aayama (4.87
Angula) were found to be almost nearer to
reference value.

8. The obtained mean value of Januparishthata
(31.04 Angula) was found to be almost nearer to
reference value.

9. The obtained mean value of Paada Aayama
(12.96 Angula) was less than the value described
in Samhita.  It may be due to inaccuracy in

determination of anthropometric landmark used.

10. The obtained mean value of Paadangushtha
(1.76 Angula), Paadapradeshini (2.23 Angula),

Paada Anamika (1.52 Angula) and Paadatala
Vistara (4.54 Angula) were found to be
satisfactory to reference value.

11 . The obtained mean values of Paada kanishthika
and Parshni Vistara were not nearer or
satisfactory to reference value.

Conclusion

The following conclusions can be drawn after
cautiously reviewing the present study:

1) The elaborated descriptions of Pramana Sharira
in the ancient literature show the well established

concept of anthropometry in past era.

2) Individuality is the characteristic property of
Svaanguli Pramana and Ayurveda gives prime
importance to individualistic approach rather

than a generalized.

3) The obtained measurements of

Paadamadhyama, Prapada Aayama, Prapada
Vistara, Paadatala Aayama, Parshni Aayama
and Januparishthata were found to be nearer to

the Samhita value.
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4) The obtained measurements of Paadangushtha,
Paadapradeshini, Paada Anamika, Paadatala

Vistara, and Paada Aayama were found to be
slightly comparable or satisfactory to the
Samhita value.

5) The obtained measurements of Paada

Kanishthika, Parshni Vistara, Jangha Aayama
and Uru Aayama were found to be significantly
varied from the Samhita value.

6) Variations in between the measurements of
present study and the Samhita value may be due

to small sample size, change in lifestyle and
evolutionary changes.

7) Angula pramana can be used for future
epidemiological studies to develop biological

profile for identification, designing, selection of
recruits in national services and can serve as non
invasive public health marker and alternative

method to diagnose, predict future risk and
decide prevention strategy for diseases.
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Literary Review

Abstract

Katphal (Myrica esculenta Buch.- Ham. ex D. Don Syn. M. nagi Hook.f.) is an important drug of
Ayurvedic system of medicine. It is mentioned in various classical text for the treatment of disease such as
Prameha, Gulma, Arsh, Kasahar, Swashar, Atisarnashak, Mukh rog, Sweta pradar, Netra rog, Varna, Javar

etc. At present, it is found that this drug has numerous chemical constituents; gallic acid, catechin,
chlorogenic acid, p-coumaric acid, ?-sitosterol, ?-sitosterol-?-D-glucopyranoside and quercetin, myricanol,
myricanone, epigallocatechin etc. It is widely used plant in folk and Ayurvedic system of medicine and is

also use for different pharmacological activities.

Keywords; Katphal, Myrica esculenta.

‚Ê⁄UÊ¥‡Ê-

•ÊÿÈfl¸º ‚¢Á„ÃÊ•Ù¥ ◊¥ flÁáÊ¸Ã Œ˝√ÿÙ ◊¥ ∑§≈˜»§∂ ∞∑§ ◊„àfl¬ÍáÊ¸ Œ˝√ÿ ◊ÊŸÊ ªÿÊ „Ò– ÿ„ ÁflÁ÷ãŸ ¬˝◊Èπ ª˝ãÕÙ¥ ◊¥ ÁflÁ÷ãŸ
⁄ÙªÙ¥ ¡Ò‚- ¬˝◊„, ªÈÀ◊, •‡Ê¸, ∑§Ê‚, ‡flÊ‚, •ÁÃ‚Ê⁄, ◊Èπ⁄Ùª, ‡flÃ ¬˝º⁄, ŸG ⁄Ùª, fl˝áÊ, Öfl⁄ •ÊÁº ◊¥ ©¬ÿÙªË ’ÃÊÿÊ ªÿÊ
„Ò– •ÊœÈÁŸ∑§ ¬Á⁄¬˝ˇÿ ◊¥ ß‚◊¥ ÁflÁ÷ãŸ ⁄Ê‚ÊÿÁŸ∑§ ‚¢ÉÊ≈Ÿ ¡Ò‚- ªÒÁ∂∑§ •ê∂,, ∑Ò§≈ÁøŸ, Ä‹Ê⁄Ù¡ÁŸ∑§ •ê∂, ¬Ë. ∑§Ê©◊Á⁄∑§
•ê∂, ’Ë≈Ê ‚Ë≈ÙS≈Ë⁄Ê∂, Äfl⁄Á‚Á≈Ÿ, ◊ÊßÁ⁄‚ËŸÊ∂, ◊ÊßÁ⁄‚ËŸÊŸ ¬Êÿ ¡ÊÃ „Ò– •ÊÿÈfl¸Áºÿ ÁøÁ∑§à‚Ê ¬˝áÊÊ∂Ë ∞fl¢ ¬⁄ê¬⁄ÊªÃ
ÁøÁ∑§à‚Ê ¬˝áÊÊ∂Ë ∑§ •¢Ãª¸Ã ∑§≈˜»§∂ Œ˝√ÿ ∑§Ù ’„ÈÃÊÿÊÃ Ã⁄Ë∑§ ‚ ©¬ÿÙª ◊¥ Á∂ÿÊ ¡ÊÃÊ „Ò–
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Introduction

Katphal (Myrica esculenta Buch.- Ham. ex D.

Don Syn. M. nagi Hook.f.) of Myricaceace Family is
found in sub-tropical Himalayas , has been described
in various Samhitas and Nighantus. It is a  dioecious,

evergreen, small or moderate sized tree.1 Leaves are
lanceolate, 9 cm long, 3 cm broad, lower surface-pale
green, upper surface-dark green. Generally leaves are

crowded towards the end of branches.2 Flowers are
minute, unisexual and glandular.3 Fruits are A drupe,
ellipsoid or ovoid shaped, in length 0.7-1.0 cm, 0.5-

0.7 cm wide, dark brown colored, Shape of seed is
ovoid, in length seeds are 0.6 cm long, 0.3 cm wide.
The bark is quills or thick pieces, about 1to 2 inches

long and from ¼to ½ inches in thickness; fissured
transversely and longitudinally;4 Different
Pharmacological actions like Prameha, Gulma, Arsh,

Kasahar, Swashar, Atisarnashak, Mukh rog, Sweta
pradar, Netra rog, Varna ropan, Jvarghan, Galgand
are attributed to it. It is an important drug used by

Ayurveda Practitioners in various diseased
conditions and also for maintenance of health.

Historical Background:-

Samhita Period

Charaka Samhita

This is one among the Brihatrayi texts written

by Acharya Charaka. He described Katphal with his
synonyms and different pharmacological action in
different diseases, but not described this plant

profile. He also mentioned Katphal among the
Sandhaniya, Kanthaya, Sukrashodhak,
Vednasthapak mahakashaya by attributing

Sandhan, kanthgat rog, Sukrashodhak and
Vednashamak  properties to it.6

Sushruta Samhita

It is second among the three major texts
(Brihattrayi) Written by Acharya Sushruta, Which
highlighted the most use of Katphal in upper

respiratory tract diseases Kaphaj shirorog, Netra

rog, Putinasya rog etc. it is found at 13 places in

formulations and is included in 4 gana mention it.
He describe Katphal and his synonyms with
rognashkatav property.7

Astanga Hridaya

This is said as the heart (Short form) of
Astangasangraha written by Acharya Laghu

Vagbhata. He mentioned Katphal in different
formulations like Kasmardadi ghrit, part of anuvasan
basti, Anjan, Potli, Pushyanug churna, Dhatakyadi

taila, Pratisarn and Khadiradi ghutika in Chikitsa
sthana, Kalpa Sthan and uttaratantra.8

Sharangadahara Samhita

This is one among the Laghutrayi texts
written by Acharya Sarangadhara. He has described
in Madhaya Part and stressed upon the use of

Katphal in Various forms of Javar like Pitta Javar,
Sannipat javar, Prasuti javar.9

Sodhala Nighantu

This was writen by Acharya Shodhala who
belonged to Rayekwad Brahmin caste of Gujrat. It
is an important work on Indian materia medica. It

is also called Nama-gunasamgraha. Katphal cures
mukharoga (Disease of buccal cavity), Kasa, Svasa
and jvara. Here Katphal is described under

Guduchayadi Varga.10

Madanpal Nighantu

This Nighantu was composed by king

Madanpala of the Tika dynasty at the city of Kastha.
In this text, the drug Katphal is described under
Abhayadi Varga.11

Dhanvantari Nighantu

Katphal was mentioned first in one
*Guduchaydi* out of seven vargas. In this nighantu

total 373 plant were described.12

Kaiyadeva Nighantu

This was written by Acharya kaiyadeva and

A Comprehensive Review of Katphal
(Myrica esculenta Buch.- Ham. Ex D. Don Syn. M. Nagi Hook.F.)

Dr. Ashwini Kumar Sharma

Literary Review
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is originally called by the name Pathyapathya-
vibodhaka.” The Drug Katphal is mentioned as

Aushadhi Varga with his synonyms and
pharmacological property.13

Bhavaprakash Nighantu

This was written by Acharya Bhavamisra. He
had included katphal in Haritakyadi Varga. It also
described the plant profile and different action of

katphal in various disease.14

Raja Nighantu

This lexicon was written by Pandit Raja

Narahari. This is otherwise called by the name
Abhidhana Chudamani or Dravyabidhana
Ganasangraha. This book is based mainly on

substance of Dhanvantari Nighantu. The Drug
Katphal is mentioned in Prabhadradi Varga.15

Saligrama Nighantu

This was written by Lala Saligrama vaisya.

The drug Katphal is described in Haritakyadi varga
of the text.16

Priya Nighantu

This was written by P.V.Sharma. The drug
Katphal is described in Haritakyadi varga of the

text.17

Classification of Katphal according to Varga
in Samhitas-

Charak Samhita

Sandhaniya, Kanthaya, Sukrashodhak,
Vednasthapak, Kashay Skandh

Sushruta

Rodhradi gana, Sursadi gana, Lakshadi
gana, Parushakadi gana

Astanga Hridaya

Parushakadi gana, Sursadi gana, Rodhradi
gana

Table No. I- Classification of Katphala (Myrica esculenta Buch.- Ham. ex D. Don Syn.
M. nagi Hook.f.) according to Varga in Nighantu

Nighantu                      Varga

Raj Nighantu Prabhadradi Varga

Madanpala Nighantu Abhayadi Varga

Kaiyadeva Nighantu Aushadhi Varga

Dhanvantari Nighantu Guduchayadi Varga

Bhavaprakash Nighantu Haritakyadi Varga

Shodhal Nighantu Guduchayadi Varga

Mahaushadh Nighantu Mahaushadhi Varga

Abhinav Nighantu Haritakyadi Varga

Madhav Dravya Nighantu Vividhaushadhi Varga

Shaligram Nighantu Haritakyadi Varga

Priya Nighantu Haritakyadi Varga

Dravyaguna Samgrah Sangyasthapan Varga

Haritakyadi Nighantu Haritakyadi Varga

Sidh Bhaisjya Manimala Vat-Shelasmghanam

Nighantu Adarsh Jambvadi Varga

Amarkosh Vanaushadhi Varga

Hardaya Deepak Nighantu Akpad Varga
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Table No.II- Nirukti of Katphala (Myrica esculenta Buch.- Ham. ex D. Don Syn. M. nagi Hook.f.)

S. N. Name                       Nirukti Meaning

1 . ∑§≈˜»§∂ ∑§≈È⁄‚ÃÿÊ˘ãÿÊ⁄‚Êfl⁄∑§»§∂∑§ This name based on Taste of plant.

∑§Êÿ»§∂ Fruit Chief Taste (Rasa) is
Pungent(Katu).

2. ∑§Ê»§∂ ∑ÈÁà‚Ã¢ »§∂¢ ÿSÿ ∑§Ù— ∑§Ê˘º·— Means Fruit of this drug

3. ∑Î§‡áÊª÷¸ ∑Î§‡áÊfláÊÊ¸ ª÷¸— •ÊèÿÊãÃ⁄º·Ù ÿSÿ Inner bark of Katphal is Blackish in
colour.

4. ∑Èê÷Ë ˇÊÈŒ˝ ∑Èê÷ ∑§≈˜»§∂— ßÁÃ This synonym based on the
structure of Fruit. It is drupe,
ellipsoid or ovoid shaped .

5. ∑Ò§≈ÿ˜ÿ¸ ∑§≈¢ GÊ‚¢ ⁄ÊÁÃ ººÊÁÃ Drug that have property of

ÁÃÄÃÊºËŸÊ◊ÊÁÃ·ÿÊÃ˜ Destroying all Diseases (Kit- Rog).
(By Shabdkalpdrum)

6. ∑§Êê’Ù¡ ∑§ê’Ù¡  º· ÷fl— ßÁÃ •áÊ˜ ‚Ù◊ Based on Country (Kamboj ).

flÀ∑§— •ÕÊ¸Ã˜ ∑§≈˜»§∂—

7 . •⁄áÿ •⁄áÿËÿ— •⁄áÿ‚ÁãŸ∑Î§‡≈º·Êºı – Based on Origin Space. Aranya

∑§≈˜»§∂ flÎˇÊ—– Means Jangal Pradesh.
(By Shabdkalpdrum)

8. ©ª˝ªãœ ©ª˝SÃËfl˝— ªãœÙ ÿÁS◊Ÿ˜– This Synonyms based on the odour.

©à∑§≈ª¢œÿÈÄÃ ÁG („Ê⁄ËÃ) This plant have Sharp odour.

9. ⁄ÙÁ„áÊË M§„G ßŸŸ˜ ªı⁄ÊÁºàflÊÃ˜ G «UË‡Ê˜ – Based on Colour of the Bark.

‚Ù◊flÀ∑§— – (Red Colour)

10. ŸË¬¬áÊË¸ ........................ This Plant Leaves Structures same

as Kadamb plant leaves.

Table No. III- Vernacular Names of Katphal (Myrica esculenta Buch.- Ham. ex D. Don Syn.
M. nagi Hook.f.)

S.N. Language Name

1 . Hindi Kayphal

2. Bangali Satsarila, Kayphal, Kayshal

3. Gujrati Kariphal, Kayphal

4. Marathi Kumayanchishal va Phal

5. Punjabi, Sindhi Kaphal, Kayphal, Kachela, Kahi

6. Telgu Kaidaryyam, Papar woodum

7 . Tamil Maridam Pataai

8. Kannad Kirusivanni
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9. Bumbai Kayphal

10. Rajasthani Kaiphal

11 . Malaya Marutmtoli

12. Kanada Kirisivani

13. Paris Kandula, Darshian

14. Nepali Kobushi

15. Khasiya (Kumayun, Garhwali) -Ding Solir -Kaphal

16. Arabi Ajuri, Darshishwan

1 7 . Farsi Udulbark

18. Asami Nagteda

19. Lushai Kephang

20. English Box myrtle, Be-berry

21. Latin Myrica negi

Habitat:

A dioecious, evergreen, small or moderate

sized tree, 3-15 m high, found in sub-tropical
Himalayas from Ravi eastwards to Assam, and in
Khasi, Jaintia, Naga and Lushai hills a elevation of
900-2100 m.

Flowering and fruiting:-

The flowering season starts from the first
fortnight of February and continues till the second

fortnight of April.

Fruit –

A drupe, ellipsoid or ovoid, 0.7-1.0 cm long,

0.5-0.7 cm wide, dark brown, surface tubercled,
very hard; taste, sourish sweet.

Seed –

Ovoid, 0.6 cm long, 0.3 cm wide, surface
very smooth, light brown; taste, oily.

Stem Bark:-

Drug occurs in pieces of variable length, 1-
2.5 cm thick, slightly quilled, fissured longitudinally
and transversely, outer surface rough, grey to

brownish-grey, inner surface dark brown and
smooth; fracture, hard; taste, bitter.

Leaves

Leaves are lanceolate, oblong obovate,

crowded towards the ends of the branches, 7.5-12.5
by 2.5 -5 cms.; narrowed at both the ends, entire,
obtuse, acute or acuminate, sharply serrate, with
resinous glands beneath, glabrous when mature,

coriaceous, petiole 7.5 - 15mm. long.

Flowers

Flowers  are minute, unisexual arranged in

axillary spikes. Male spikes are 7.5 mm. long,
arranged racemosely on a common axillary stalk, 2.5
- 7.5 cm. long, while female spikes are also axillary,

erect, 1.3 - 2.5 cm. long. Bracts are orbicular, often
with 2 - 3 smaller lateral ones, and stamens 3 - 6.

Propagation of Box Myrtle:

Seed are best sown as soon as it is ripe in the
autumn. Stored seed germinates more freely if given
a 3 month cold stratification and then sown in a cold

frame. Germination is usually good. The seedlings
are pricked out into individual pots when they are
large enough to handle and grow on in the cold frame

for the first winter. They are planted out in late
spring or early summer. Cuttings of half-ripe wood,
5 - 8cm with a heel is done in July/August in a

frame. Cuttings of mature wood are done in
November/December in a frame, layering in spring
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and Division of suckers in the dormant season.16

Cultivation

Prefers a moist soil, Grows well in an open
position in a well–deained soil in sun or light shade.

Thrives in any ordinary garden soil. Prefers a lime –
free loamy or peaty soil.

Table No. IV- External and internal application of Katphal (Myrica esculenta Buch.- Ham.
ex D. Don Syn. M. nagi Hook.f) in Nighantu and Samhitas:-

External Use                                              Internal uses

Twak~ Nervous Digestive Circulatory Respiratory Urinary Reproductive Temp-

Sirovirechak System System System tract System erature

(Nasya) System

Grabhasaya Vedna Rochan Sandhaniya Kaphaghana Mutra Shukra Sheeta

sankochak Sthapan Sangrahniya shodhak

(Churn Potli) Prasan

Varnshodhak Balya Deepan Shothhara Shwashara Vrishya Javarhar

Varnropak Avsadak Grahi Rakt Kapha Aartava janan

Both Twak Stambhaka Nissaraka

Churna

Taila Shool Uttejak Stanya

1. Abhayang Prashman shodhak

Gandush and

Manjan

Raspanchak of katphal (Myrica esculenta Buch.- Ham. ex D. Don Syn. M. nagi Hook.f):-

Rasa (Taste) – Kashaya (Astringent), Tikta (Bitter), Katu (Pungent)
Guna (Qualities) – Laghu (Light for digestion), Teekshna (Pungent in nature)
Vipaka                    – Katu (Undergoes Pungent taste after digestion)

Veerya (Potency) – Ushna (Hot)
Karma (Actions) – Kaphavata shamaka (reduces vitiated kapha and vata dosha)

Table No. V- According to different Samhita and Nighantus -Katphal (Myrica esculenta

Buch.- Ham. ex D. Don Syn. M. nagi Hook.f ) in Various Diseases :-

Disease/ Samhita C.S. Sh.S A.H. Bh.N. K.N. D.N. R.N. M.N
and Nighantus

Vatakaphaj Jwar - + + + + + + +

Prameha + - - + + + + +

Gulma - - - - + + + +

Arsh + + + + + + + +

Swas - - - + + - + +

Kasa + + + + + - + -
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Aruchi - - - + + + - +

Agnimandhya - - - + - + - -

Grahani - - - - - + - -

Atisar + + + + - - - -

Pratishaya - + + + - - - -

Shir-Shool - + + + + - - -

Varn-Ropan + + + + - - - -

Varn-Soth - + + + - - - -

Sandhi-shool - - - + - - - -

Vata-Vyadhi + - - - - - - -

Mukh-rog - + + + + + + -

Gandmala - - - + - - - -

Gradhasi - - - + - - - -

Apasmar - - - + - - - -

Karn-Shool - - - + - - - -

Vishuchika - - - + - - - -

Kanth-Rog - + + + - - + +

Vish-Rog + + + - - - - -

Karnmool Shoth - - - - - - - -

Hardaya Roga + - - - - - - -

Netra-Rog - + + - - - - -

Kricha-Aartav - - - + - - - -

Kalaivya - - - - - - - -

Pradar-Rog + - - - - - - -

Pandu-Rog - - - - - + - -

Yoni-Vyapad + - - - - - - -

Kustha - + + - - - - -

Kandu - - + - - - - -

Bandhyatva + - - - - - - -

Shirshambu - - - - - - - -

Murcha - - - - - - - -

Hikka - - - + - - - -

Aadhyaman - - - + - - - -

Krimighana + + - - - - - -

Pakshagat - - - - - - - -

Udar- Shool - - - + - - - -

Shitta-Pita - - - - - - - -
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Table No. VI- According to different Samhita  -Katphal (Myrica esculenta Buch.- Ham. ex
D. Don Syn. M. nagi Hook.f ) in different formulatios :-

S.N. Yog Indications Refrences

1 . Chandanadhya Taila Jvar Charak Samhita Chikitsa 3/258

2. Udakmehhar Kwath Prameha Charak Samhita Chikitsa 4/76

3. Katphaladi Kwath Kaphaj Kasa Charak Samhita Chikitsa 18/112

4. Kusthhar Taila Kustha Charak Samhita Chikitsa 7/101

5. Katphal Churna Sleshmatisar Charak Samhita Chikitsa 19/117

6. Yavkshar Ghrit Kashyaj Kasa Charak Samhita Chikitsa 18/163

7 . Gandhnama Agad Visha Charak Samhita Chikitsa 23/66

8. Varnropak yog Varna Charak Samhita Chikitsa 25/113

9. Khadiradi Gutika Mukh Rog Charak Samhita Chikitsa 26/203

10. Jambvadi Kwath Shelasm Pradusta Yoni Charak Samhita Chikitsa

11 . Katvangadi Churna Sweta Pradar Charak Samhita Chikitsa 30/92

12. Drakshadi Churna Vatrakt Sushrut Chikitsa Sthan 5/29

13. Priyangvadi Sidha Taila Majjagat Virdadhi Sushrut Chikitsa Sthan

14. Vishnashak Agad Vish Chikitsa Sushrut Kalpa 5/75

15. Varnropak Kalk Varn Chikitsa Sushrut Sutra 37/25

16. Kashaghan Churna Kasa Chikitsa Sushrut Sutra 52/13

1 7 . Aashchyotan Netra rog Chikitsa Shushrut Utar Tantra 10/12

18. Avpidan Nasya Putinasya Chikitsa Shushrut Utar Tantra 23/6

19. Katphal Dhumravarti Kaphaj Shirorog Shushrut Utar Tantra 26/29

20. Kaphavathar Jvar Kwath Jvar Chikitsa Asthang Hriday Chikitsa 1/62

21. Katu ras Pak Kaphaj Svarkshay Asthang Hriday Chikitsa 5/44

22. Kasmardadi Ghrit Kas Chikitsa Asthang Hriday Chikitsa 3/162

23. Pushkaradi Churna Hridyarog Chikitsa Asthang Hriday Chikitsa 6/52

24. Pushyanug Churna Pradar Chikitsa Asthang Hriday Utartantra 34/47

25. Dhatakyadi Taila Pradar Chikitsa Asthang Hriday Utartantra 34/51

26. Khadiradi Gutika Dantrog Chikitsa Asthang Hriday Utartantra 22/62

2 7 . Katphaladi Churna Vaman Ayog Kashyap Samhita Siddhi Sthan 3/149

28. Aaragvadhadi Churna Shalesmik Visrap Kashyap Samhita Khil Sthan 14

29. Changeri Ghrit Arsha Chikitsa Bhel Samhita 18/44

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Vol.XI No.4 Oct-Dec 2017 Journal of  Ayurveda

85

30. Ayurajiya Rasayan Savyathu Chikitsa Bhel Samhita 19/37

31. Triphaladi Taila Varna Chikitsa Bhel Samhita

32. Katphaladi Yog Kasa Chikitsa Harit Samhita 12/29

33. Katphaladi Nasya Kasa Chikitsa Harit Samhita12/39

34. Satyadi Kwath Tridoshaj Javar Harit Samhita 2

35. Bilvadi  Yog Vishuchika Chikitsa Bahvprakash Samhita

36. Pipalayadi Kwath Kaphaj Kasa Chikitsa Bahvprakash Samhita

3 7 . Pramehhar Kwath Shaleshmaj Prameha Bahvprakash Samhita
Chikitsa

38. Sarvarogya Vati Sangrahni Chikitsa Ras Ratna Samuchya 16/61

39. Udaybhaskar Ras Prameha Chikitsa Ras Ratna Samuchya 17/97

40. Shriparnyadi Kwath Garbhini Atisar Chikitsa Ras Ratna Samuchya 22/90

41. Vrihta Vatgjankush Ras Vatvyadhi Chikitsa Rasendra Sarsangrah 10

42. Mahavatgjankush Ras Vatvyadhi Chikitsa Rasendra Sarsangrah 12

43. Mahamritanjyu Ras Pleeha Rog Chikitsa Rasendra Sarsangrah 60

44. Sukrashodhan Sukrashodhan Ras Tarangini 12/123
Aamayik Prayog

45. Swarna Bhasm Swarbhang Ras Tarangini 15/97

Aamyik Prayog

46. Garik Aamyik Prayog Karnmool Soth Lep Ras Tarangini 22/122

4 7 . Katphaladi Churna Javar Nashak Yog Ratanakar

48. Katphaladi Kwath Pittaatisar Chikitsa Yog Ratanakar

49. Katphaladi Ghrit Tridosh Panatyay Chikitsa Yog Ratanakar

50. Nimbadi Kwath Vatshaleshm Chikitsa Bhaisajya Ratnawali 5/169

51. Vrihat Katphaladi Vatoulavn Sannipat Jvar Bhaisajya Ratnawali5/253
Kwath

52. Katphaladi Lep Vish Rog Chikitsa Bhaisajya Ratnawali 72/25

53. Ashtangavlehika Sannipat Javar Chakradat 1/169

54. Katphaladi Kwath Kasa Chikitsa Chakradat 11/23

55. Katphal Churna Galgandadi Chikitsa Chakradat 41/9

Gharshan

56. Irimedadhya Taila Kanth Rog Chikitsa Chakradat 56/47

5 7 . Katphaladi Pachan Pitta Javar Chikitsa Sarangdhar Madhya 2/14

Kwath

58. Katphaladi Leha Swas Chikitsa Sarangdhar Madhya 6/43

59. Irimedadhya Taila Mukh Dant Rog Sarangdhar Madhya 9/166

60. Devdarvyadi Kwath Prasuti Javar Sarangdhar Madhya 2/49-50
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Phytochemistry

Form Fruit:-

Reducing sugure, tannins, vitamin C, Gallic
acid, catechin, chlorogenic acid, p-coumaric acid.

Form Leave:-

β-sitosterol, β-sitosterol-β-D-glucopyranoside
and quercetin have been isolated from the leaves of
Myrica esculenta.

Form bark:-

Gallic acid, myricanol, myricanone,

epigallocatechin 3-O- gallate, two prodelphinidin
dimmers, hydrolysable tannin castalagin. Gallic acid,
lupeol, oleanolic acid andstigmasterol were evaluated

by HPTLC in bark extract.

Physical Constant

Table No. VII - Percentage extractive and ash in the bark of  M. esculenta 17

IDENTITY, PURITY AND STRENGTH – (According to API Volume 3)

1.  Foreign matter Not more than 2 Per cent,

2. Total ash Not more than 4 Per cent,

3. Acid-insoluble ash Not more than 1 Per cent,

4. Alcohol-soluble extractive Not less than 13 Per cent,

5. Water-soluble extractive Not less than 12 Per cent,

Pharmacological Activity

Analgesic effects, antianaphylactic,
antiandrogenic , antibacterial, anticoagulant ,
antidepressant , antifungal , antihypertensive, anti-

inflammatory, antilipemic, antioxidant, anxiolytic
effect.18-30

Part used- Bark, Fruit

Dosage-

Bark powder- 3 to 5 g

Fruit juice- 10 to 25 ml
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Evaluation and Development of Rasa Shastra

*Dr.Dolly Suman, **Dr.Mohar Pal Meena, ***Dr. Rajendra Prasad Sharma

Literary Review

Abstract

Rasa Shastra is a branch of Ayurveda which deals with knowledge of alchemical and pharmaceutical

processes. It is an ancient tradition of healing that uses medicines incorporating metals and minerals purified
using complex procedure .The tradition maintain that Rasa formulations in association with yogic and tantrik
practice give extraordinary powers like arresting the process of ageing. Historical evidences of metallic

artifacts from Harappa and Mohan jodaro along with the manuscripts indicate the development of the science
of metallurgy in 2500 BC. Similarly we find evidence of use of metals, metals-ores and other minerals as
medicine in the Ayurvedic Samhitas, Metals and Minerals had used for therapeutic and alchemic purpose.

Four methods are elaborated which can be used as per the need. 1. Shodhan 2. Marana 3. Satvapatana
4. Druti nirman.  Ayurvedic  acharyas  preserves the tradition particularly evident in Rasa Shastra , becomes
contemporary by using new technological advances to further develop, then the future is bright .At the same

time Quality assurance system needs to be strengthened and be more rigorous, considering the hazardous
potential of the raw materials.

Keywords - Rasa Shastra, Shodhana, Marana, Druti
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Introduction

Rasa Shastra deals with the drugs of minerals
origin, their varieties, characteristics, processing

techniques, properties and their therapeutic uses.
According to Rasa Shastra ‘Parad’ (Mercury) and
‘Gandhak’ (sulphur) are the most important minerals

as they represent Lord Shiva and Goddess Parvati.
Both mercury and Sulphur could be toxic separately,
but blended together, they form a black powder

known as Kajjali, which is relatively safe and makes
an ideal base for most of the preparations. Kajjali is
claimed to exert a potent effect on the properties of

other formulations and makes them easily
assimilated in body tissues.

A large percentage of the Ayurvedic

formulations are of mineral origin. Their appearance
in Ayurvedic medicine marks a coming together with
the tantric tradition. The Ayurvedic goal of long-life

becomes intermingled with the tantric yogic goal of
immortality. Alongside this esoteric union is the
clear fact that minerals are stronger then herbs have

a longer shelf life and are very effective.

Mineral preparations are usually calcified in
stepwise fashion by dipped in detoxifying solvents

such as cow’s urine, herb decoctions or sesame oil
and then ground to the finest powders and subjected
to high temperatures repeatedly to obtain bhasma.

They become “complex” oxides or sulphides or sulfo-
oxides. From mercury, gold, iron, abhraka, copper
and egg shell etc., innate materials are transformed

to potent medicines.

Origin

The science of Rasa Shastra has trailed

through the ages, contemporarizing itself with the
changing times and situations. The development of
Rasa Shastra as an independent branch started since

vedic period and then onwards numbers of ancient
scholars have contributed in its development. The
golden period of Rasa Shastra ascertained by

historians is between vedic period to 14th century

A.D. In this duration it was blended with the
mainstream medicine ‘Ayurveda’ and emerged as a

strong and popular medicine.

Rasa Shastra is always been understood as a
part of alchemy, which was prevalent in the middle-

east area. By medieval times Indian alchemy
developed in the tantric domain for anonymity
required to perform the complex and somewhat

hazardous procedures of metals and minerals;
ultimately for the betterment of human life. However,
the thin line between alchemy and Rasa Shastra

exists by the clear fact stated by Indian Rasa-Siddha
that alchemy is a step comparable to confirmatory
tests in chemistry to ascertain the change that has

taken place in the raw and therefore, potentially
mineral or metal. The products, which comply with
this test, only should be considered for the use in

humans otherwise they must be discarded or
processed further till the expected quality
parameters are attained. The Indian alchemist while

developing the chemical processes of transforming
base metals into gold similar to that in Europe and
the Middle East merely considered it as a step

towards perfection. Thus before using this medicine
they often emphasized the need of bodily perfection
through panchakarma and Kshetrikaran

This philosophy exactly suits all other
contemporary Yogic, Vedic and Buddhist schools in
the Asian continent. Basically all the oriental

sciences aim at salvation, may be due to the deep
and through understanding of the learned cadre
regarding the life process. They guide each

knowledge-seeker through practicality to the end
swiftly and then considering what he will feel when
on the highest achievement they offer a solution for

‘peace within self’ by inducting oneself towards
spirituality. This vision develops after a true long
hard work, which we find reflecting in ancient Hindu

scientific works, and Rasa Shastra being no
expectation to the rule. The only difference is that
Rasa Shastra is opts for ‘Jeevan mukti’ i.e.
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salvation not after death but during the life span as
well.

Another point of marvel is when a new idea
originates or comes from outer world and germinates
in this philosophy it is made apply suitable for the

land and people who are the end-users here. Mercury
originates in other parts of continents and Sulphur
is less abundant in Indian subcontinent, as research

confirms, it’s use flourished here in all the directions.

Development of Rasa Shastra

The word Rasa Shastra literally means the

‘science of Mercury’. ‘Rasa’ means the elixir of life
and the word is attributed to the most important
factor responsible for life in various fields of

knowledge. The same meaning is implied to Mercury
by denoting it as ‘Rasa’ of the metal mineral kingdom
or in other words the metal of atmost importance

having distinct properties and unique nature is given.
Hence the science, which develops with the central
theme of rasa(mercury), is Rasa Shastra. Rasa

aushadhies are widely used in india.

The term Siddha is derived from the Sanskrit
root siddhi meaning “achievement”. The historical

documents give an account of 84 Siddhas, the Natha
Siddhas, Maha Siddhas and the Rasa Siddhas. Rasa
Shastra developed initially from the practice of

Deha-bedha(metabolic transformation) and Loha-
bedha (Alchemy or metallic transformation). When

the concept of Deha-bedha was developed through
mercury, mercurial processing wand byproduct, the

medicinal aspect of this knowledge become more
popular as a result of which an important branch of
Ayurveda known as Rasa Chikitsa. During the

development of rasa chikitsa, various pharmaceutical
processes such as Shodhana, Marana and
Satvapatana were evolved to purify the metal, to

reduce them to Bhasma and to extract the principal
metal from their ores, respectively.

After evaluation of these procedures Rasa

chikitsa (Mettalic/herbomineral formulations) began
used in Ayurved Chikitsa since 8th century. In the
medieval period the practice of Rasa-chikitsa

increased and got the upper hand.Many important
text on Rasa chikitsa like Rasa Ratna Samucchya,
Rasendra Sara Sangraha, Ananda Kand, Rasendra

Chintamani etc. were written in this period. The
comprehensive texts like Yoga Ratnakar, Bhaishajya
Ratnawali etc. were written after 16th century

Source Materials

Out of the three categories of drugs used in
Ayurveda, Rasa Shastra predominantly deals with

‘metal and minerals’. Plants and animal products are
mainly used as processing for the metals. The drugs
are classified into eleven main categories depending

on their importance graded on the scale of reaction
with mercury, as depicted in the Table:

S.No. CLASSIFICATION METALS AND MINERALS

I Maharasa Mica, Tourmaline, copper pyrite, Iron pyrite, Shilajit, Blue
Vitriol, Bismuth, Calamine.

Ii Uparasa Sulphur, Heamatite, Green vitriol, Potash alum, Orpiment,

Realgar, Collyrium, Ruhbarb

Iii Sadharana Rasa Kampillaka, White Arsenic, Cowries, Ammonium chloride,
Ambergris, Red oxid of mercury, Cinnabar, Litharge.

I v Dhatuvarga Gold, Silver, Copper, Iron, Lead, Tin, Zinc, Brass, Bronze, Vartaloha.

V Ratnavarga Ruby, Pearl, Coral, Emerald, Topaz, Diamond, Sapphire,
Cinnamon, Cat’s eye.

Vi Upratnavarga Toumaline, Sun stone, Moon stone, Lapis lazuli, Turquoise,
Quartz, Amber.

Vii Sudhavarga Lime, Oyster Shell, Conch shell, Cuttlefish bone, Gypsum,

Silicate of lime,Stag Horn, Chalk, Hen’s egg shell etc.
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Viii Siktavarga Silica, Talc, Serpentine, Jade, Asbestos, Agate.

I x Ksharavarga Borax, Barley Alkali, Sajjikshar, Potassium nitrate.

X Vishavarga Halahala, Kalkoota, Shringaka, Pradeepana, Saurashtrika,
Brahmaputra, Haridra, Saktuka, Vatsanabha.

Xi Upavishavarga Nuxvomica, Opium, Croton seed, Dhattura, Indian Hamp,

Abrus seed, Marking nut, Oleander, Gloriosa, Arka Ksheera,
Snuhi Ksheera.

Drugs from the Ratnavarga and
Upratnavarga are described using two approaches;
internal medicinal use and external wearing as an

ornament to give protection from adverse planetary
effects.

Manufacture of artificial drugs was also

practiced and drugs were also prepared from these
in the ancient times. Description of substitute drugs
due to non-availability of the original ones in later

texts is indicative of the contemporary nature or live
tradition of Rasa Shastra.  A well-organized
description of technical terms is also available to

facilitate new learner of the science.

Processing methods

A.  Identification and processing of

drugs: For selection of proper raw materials from
its types one has to select a specific sample
depending on the physical characteristics and some

tests described; to be more precise taught to the
disciple in the living tradition of Rasavaidyas. Once
the right material is selected, it is processed

according to the nature of the material and desired
end product is obtained. Basically, four methods are
elaborated which can be used alone or in

combination as per the need.

i. Shodhan

ii. Maran

iii. Satvapatan

iv. Druti nirman

Generally ‘Shodhana’ is employed to all the

drugs and then the drug is exposed to any one of the
remaining processes depending on the requirement.
Complex procedures such as  Nag, Vanga and

Yashad jarana are also described.

Mercury, the most important drug of Rasa

Shastra that preserves its mystical links with Tantra
and Alchemy, is considered as a living substance or
a living being. In the process of converting it into a

rejuvenating medicine it goes through many
processes. ‘Sankhya darshan’ hypothesizes the the
‘prakriti-purush theorem’, which forms the basis of

Ayurvedic principal. This is because the time span
covered by this science is huge though such
differences are observed in the theoretical

framework, at practical level Rasaushadhies work on
the principles of Ayurveda. A new term is introduced
at this stage ‘Rasa Vaidhya’.

Rasa-vaidyas have tried to classify the
functions into two aspects; treatment of diseases and
rejuvenation (Rasayana) of the body to achieve

“Jeevanmuki” and they have succeeded to some
extent in separating the ‘Dehavad ’ aspect from
alchemical ‘Dhatuvada ’(transmutation of lower

metals into noble metals)though it is not easy.
Rasavaidyas direct that instead of all the eighteen
stepwise reactions called as Ashtadashasamskara

performed on mercury only the first eight steps,
Ashtasamskara are sufficient to use the mercury for
treatment of diseases.

Apart from the Mercury, Sulphur, Mica, Gold
and Diamond are considered in the top cadre.
Description of individual drug is well formatted

covering its synonyms, selection and exclusive
criteria, types, shodhana, maran, bhasmapariksha,
satvapatana, druti, desired effects, properties, dose,

associated other medicines, administration method,
adverse effects, antidote, dietary and behavioral
instructions to the last detail.

A list of processing drugs, which contains
medicinal plants and animal product, is also long.
Specific drugs are grouped together in particular

proportions to facilitate the process.
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B.Measuring system: For the preparations
of various medicines ‘Rasa Shastriya Mana’ was used.

The unit value of the measure is a little less than the
measure system adapted for general and herbal use,
but the measuring instruments were the same. E.g.:

1 Karsha = 72 ratti = 9gm in Rasa Shastra; whereas

1 karsha = 96 ratti =12gm in Magadha system.

C. Equipments: Various equipments were

used to process the metals and minerals. These are
classified into four groups’ viz. Yantra, Puta, Musha
and Koshthi.

YANTRA: Yantra are the instrument which
are used for the controlling parada by performing
the process like swedana (Boiling), Patana

(Sublimation) etc. Yantra is made up of various
shapes and sizes by earthen vessel, iron pots etc.,
which are similar to modern apparatus. The selection

of apparatus depends on the process for which any
particular yantra is to be used.

PUTA: Puta indicates the source and amount

of the heat required for the incineration of Rasa,
Maharasa, Uparasa, sudha varga, metals etc. drugs.
Puta is carried out inside the ground in a well

constructed pit. Cow dung, small fragment or powder
is used as the major fuel. Puta indicates the process
of repeated heating to converts metals and minerals

onto bio-assimilable substance known as ‘Bhasma’.
The amount is substance specific and measured in
terms of number or weight of fuel. The classification

of Puta available in texts is according to size and heat
type used, such as direct or indirect heat. It is
mentioned that more putas make a metal highly

effective.

MUSHA : Musha is the particular apparatus,
which takes away any unwanted impurity  of the

material, or element. In modern terminology mushas
may be called crucibles. In Rasa texts different types
of mushas having different shapes and sizes are

described   which  could  resist  different  degrees
of temperature depending upon  the type of material
from which these are made.. It is evident that mushas

are a part of an assembly, are used to melt metals,
to extract satva of minerals, to prepare amalgams,
to convert precious stones into liquid from (druti)

and occasionly to prepare bhasma of some metals.

KOSHTHI:Koshthi is used to extract ‘Satva’
of minerals. These are modifications of ‘Chulhas’ to

suit the specialized procedures and are comparable
with modern furnaces. Fuels like charcoal of Vansa,
Khadira, Madhuka, Badari are used in the Koshthi.

It  is constructed in the soil or sometimes above the
ground level depending on the requirement. The
processes that take place in a Koshthi are to extract

the soft as well as hard material like mica,
chalcopyrite, harital, to separate the ingredients
from a mixed metal and to prepare Kupipakwa

Rasayanas.

Formulations

The finished products are developed into

complex dosage forms such as Khalvi Rasayan,
Parpati Rasayan, Pottali Rasayan and Kupipakwa
rasayan targeted towards specific organs, systems

like GI Tract, Nervous system etc..

Quality parameters

In all the processes, general and specific

rules are led down so as to maintain the quality of
the product right from raw material selection up to
finished product levels. Some physico-chemical tests

like colour, Nishchandratva, Vaaritar, Unama,
Rekhapurnata, Slakshnatva, Sukshma,
Anjansannibham, Niswadu (tasteless),

Apunarbhavata, Niruttha  are described to ascertain
the quality of finished product. Procedures like
Amritikaran are described as a safety measure for

possible chance of adverse effects. Concepts of good
color and appealing nature of the medicine is evident
from ‘Lohitikaran’ process.

Administration of Rasaushadhies

The most important characteristic of rasa-
drugs is their small dosage of 125-250mgs as

compared to herbal medicine (3-6gms). The dosage
varies according to the drug and type of finished
product whether it is shuddha, bhasma or satva

bhasma. Description of ‘Suchikabharan Rasa’ is
indicative of the first try of parenteral administration
of drug through the scalp vein. It is said that specific

dietary restrictions are necessary while administering
these medicines. These concepts are indicative of not
only drug interaction but point towards drug-food

interaction as well.
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Conclusion

Rasa Shastra started and was developed as

a separate science since vedic period, in later period
completely merged with Ayurveda. The study of Rasa
Shastra reveals the metals and minerals

identification, Shodhana process, Marana process,
formulations, therapeutic uses and toxic symptoms..
Today there are some living traditions those are

dealing in Rasushadhies. The typical ‘teacher disciple’
system is on the verge of extinction. Pharmaceutical
companies  are manufacturing these medicines and

they generally are following the traditional rules. In
today’s scenario to collaborate the science more
accurate methods are to be adopted to check the

adulterants and in proving the safety and efficacy of
the Rasaudhies by adopting modern biological and
analytical tools in validating the formulations.

The manufacture of the Bhasmas are region
specific in terms of raw drug, processing drugs,
equipments and therapeutic uses making it  cost

effective and therefore affordable by the local
population. Majority of such good and potential
medicines cannot be made available to a wider

section of population very easily. On the other hand
all the above said things are subjective and one has
to relay on the manufacturing person’s words for

quality standards and use, which vary considerably
in person to person and reason as the surveys reveal.

Rasa Shastra,  becomes contemporary by

using new technological advances such as nano
molecules to further develop and refine drug
delivery systems, then the future is bright. At the

same time Quality assurance system needs to be
strengthened and be more rigorous, considering the
hazardous potential of the raw materials.
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Abstract:

 Amorphophallus campanulatus (Roxb.) Blume Commonly known as “Suran Kanda/Jimikand”,

“Elephant foot yam” is one of the underutilized aroid of araceae family. It is tuberous, stout indigenous herbs
used in ayurvedic medicine system for treating various human ailments. In recent years the popularity of
complementary medicine has increased. Complete information about the plant has been collected from various

books, journals and Ayurvedic classical texts like Samhitas,Nighantus etc. The present review compiles the
existing literature related to botanical description, propagation, nutrient composition, phyto-chemical
constituents, traditional uses, pharmacological actions.

Keywords: Amorphophallus campanulatus (Roxb.), Suran Kanda, Traditional Medicinal use.
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•ÊÒ·œ ∑§ M§¬ ◊¥ „ÙÃÊ „Ò– ∑§êå‹Ë◊ã≈⁄Ë •ÊÒ·œ ∑§Ê ¬˝ÿÙª ∑È§¿U fl·Ê¸ ‚ ’„ÈÃ „ÙŸ ‹ªÊ „Ò– ß‚ •ÊÒ·œ ∑§ fláÊ¸Ÿ ◊ ’„ÈÃ ‚Ë
¬ÈSÃ∑§Ù, ¡Ÿ¸‹ fl •ÊÿÈfl¸Áº∑§ ‚ÊÁ„àÿ ¡Ò‚ ‚¢Á„ÃÊ fl ÁŸÉÊá≈È ∑§Ê ‚„ÿÙª Á‹ÿÊ ªÿÊ „Ò– ß‚ ¬˝’ãœ ◊¥ ‚Í⁄áÊ∑§ãº ∑§Ê flÊŸS¬ÁÃ∑§
fláÊ¸Ÿ Á∑§ÿÊ ªÿÊ „Ò– ß‚◊ ©¬ÁSÕÃ ¬ıÁc≈∑§ ÃàflÙ, ⁄Ê‚ÊÿÁŸ∑§ ÉÊ≈∑§Ù fl ß‚∑§ ÉÊ⁄‹È ©¬ÿÙª ∑§Ê ‚ê¬ÍáÊ¸ fláÊ¸Ÿ Á∑§ÿÊ ªÿÊ „Ò–
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Introduction:

The majority of people in developing

countries still rely on herbal medicines to meet their
health needs, especially in cases where synthetic
medicines cannot provide relief from hard-to-cure

illnesses. Amorphophallus campanulatus (Roxb.)
Blume. (Family: Araceae), locally known in India as
Suran, is a perennial herb with rounded tuberous

root stock (corm) that is widely distributed in India,
Bangladesh, and Africa. The tuberous roots of the
plant are used traditionally for the treatment of

piles, abdominal pain, tumours and enlargement of
the spleen, asthma and rheumatism1. The roots of the
plant also possess tonic, stomachic and appetizer

properties2. The tuber has been reported to have
antiprotease activity3, antibacterial, antifungal and
cytotoxic as well as analgesic activities4. Some of its

traditional uses, including treatment of tumours,
enlarged spleen and rheumatism suggest that the
tuberous roots of the plant might possess

immunomodulatory activity.

Local Names Of Plant:

English (Elephant foot yam, Whitespot Giant

Arum, Sweet Yam, Telinga Potato); Hindi name
(Suranakanda, Zimikanda); Bengali name (Ole); Fijian
(Suran); Japanese (Koniaku, Konjac, Konnyaku); Thai

(Buk Khang); Tamil (kizhangu); Kannada (suvarna
gedde); Oriya (oluo); telugu (kanda gadda).

Scientific Classification:

Kingdom: Plantae

Division: Angiosperms

Class: Monocots

Order: Alismatales

Family: Araceae

Genus: Amorphophallus

Species: paeoniifolius

Synonyms: A campanulatus

Suran Kanda (Amorphophallus Campanulatus Roxb.)- A Review

Dr. Aarif Khan, Dr. Prasant Saini, Prof. Pawankumar Godatwar, Dr. Bilal Ahmad

Literary Review

Ayurvedic Properties:

Rasa- Katu, Kashaya

Guna-Ruksha, Tikshna, Guru, Vishada, Laghu

Vipaka-Katu

Veerya- Ushna

Karma- external-Shothahara, Vedanasthapana
Arshaghna, Vatahara, Kaphahara, Yakrit-Uttejaka5.

Synonyms:

Amorphophallus paeonifolius or Elephant
foot yam or Whitespot giant arum or Stink lily,

Botanical Description:

Amorphophallus is a perennial, terrestrial
underground hemispherical depressed dark brown

corm of approximately 20-25 cm in diameter which
bears flowers and fruits in the month of April-May 6,
7 It bears leaves that are solitary which are 30-90

cm broad; Inflorescence consist of a foliar organ, the
spathe, which usually envelops a stalk–like organ, the
spadix. The flowers are tiny, monoecious and

strongly reduced and are found at the base of the
spadix. Raphides of the Amorphophallus
campanulatus Blume (syn. paeonifolius) isolated

from tuber are pointed at one end and square at
other end, cross section is ‘X’-shaped at pointed end
and they areasymmetrical6.

Propagation, Cultivation And Storage:

Hot and humid climate provides better
growth of Elephant foot yam. Humid climate

supports in the initial stages of crop growth where
as dry climates facilitate tuber bulking. Well-
distributed rainfall of 1000-1500mm is helpful for

good crop growth and tuber yield. Welldrained,
fertile, sandy-loam, black soil is ideal for elephant
foot yam cultivation. Elephant foot yam is a long

duration crop and generally matures in 6-7 months.
Crop can be harvested at different stages of
development starting from 6-7 months of plantation
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up to 4 years as per requirement. The crop is
cultivated as a mixed crop in the fields of banana,

ginger; groundnuts7. Cut tuber pieces are used as
planting material and take 3-4 weeks time for the
development of sprouts. Plants can be vegetative

propagated through corms which can be planted in
the prepare pits (40cm x 40 cm x 40 cm) filled with
decomposed cow dung compost and sandy loam

soil8. Tubers start sprouting after 2-3 months of
storage .Tubers are stored in shaded, cool and
ventilated place in single layer or in two –three

layers with monitoring and removal of infected
tubers, otherwise heavy rotting of tubers occurs.

Known Hazards:

Although no specific mention has been seen
for this species, it belongs to a family where most of
the members contain calcium oxalate crystals. This

substance is toxic fresh and, if eaten, makes the
mouth; tongue and throat feel as if hundreds of small
needles are digging in to them. However, calcium

oxalate is easily broken down either by thoroughly
cooking the plant or by fully drying it and, in either
of these states; it is safe to eat the plant. People with

a tendency to rheumatism, arthritis, gout, kidney
stones and hyperacidity should take especial caution
if including this plant in their diet9.

Traditional Uses:

Suran has great medicinal as well as
nutritional value so being used for medicinal as well

as edible purposes. In Ayurveda the dried corms of
this plant is used in Arsha (Piles), Pliha (splenic
disorders), Gulma (lump), Shwasa (Bronchial

Asthma) and Ashtila (Enlarged Prostate) etc disease
conditions10.

The tubers of Amorphophallus paeoniifolius

are acrid, astringent, thermogenic, irritant, anti-
inflammatory, antihaemorrhoidal, liver tonic,
appetizer, anthelmintic. They are used in

elephantiasis, tumors, asthma, bronchitis,
hepatopathy, slenopathy, anemia, anorexia,
constipation, snake poisoning and migraine. The

roots are ophthalmic and used in opthalmia and
boils. The petiole is used in scorpion bite and
dysmenorrhoea. The plant is used in piles, dyspnoea,

spleenomegaly, and cough11.

Major Nutrient And Chemical Constituents:

Amorphophallus is a good source of energy,

sugar, starch, proteins as well as minerals Average
nutritional profile contains Starch (11-28%), sugar
(0.7-1.7%), protein (0.8- 2.60%), fat (0.07-

0.40%)mean energy value (236- 566.70KJ/100g).
The most abundant macro mineral is potassium
(327.83 mg/100 g) Phosphorus (166.91 mg/100 g),

calcium (161.08 mg/100 g) and iron (3.43 mg/100
g). Macro mineral and soluble oxalate ranges
between different varieties :K (230-417mg/

100g)P(120- 247 mg/100g) Ca (131-247 mg/100g)
Fe(1.97-5.56 mg/100g) Mn (0.19-.65mg/100 g)
Zn(.12-1.92 mg/100 g) Soluble oxalate(6.65-18.50

mg/100g).12 The mean soluble oxalate content
(13.53 mg/100 g) was safe from the viewpoint of
accumulation of urinary oxalate leading to kidney

stone12.

Phyto-Chemical Screening:

Qualitative assay of different solvent extracts

of Amorphophallus paeoniifolius was carried out for
the presence of phytoconstituents. Extracts were
taken of Petroleum ether, Chloroform, Methanol and

water and tested for the presence of different
phytoconstituents. The petroleum ether extract
contain alkaloids, steroids, fats & fixed oil. The

chloroform extract contain alkaloids. The methanol
extract contain alkaloids, steroids, flavonoids and
carbohydrates. The aqueous extract contains

flavonoids, tannins, proteins and carbohydrates13.
Ethyl acetate and Hexane extract extracts contains
Alkaloid, flavones, carbohydrate and saponins14.

Methanolic extract (ME) and 70% Hydroalcoholic
extract (AE) of Amorphophallus paeoniifolius was
analysed for flavonoid content (FC) in terms of Rutin

and Total Phenolic Content (TPC) was measured in
terms of catechol equivalent. Thin Layer
Chromatography (TLC) study of methanolic extract

was conducted. The flavonoid content of ME and AE
were found to be 46.33 mg/g and 36.88 mg/g
respectively. Similarly TPC of study extracts (ME and

AE) were found to be 12.67 mg/g and 6.25 mg/g. ME
showed higher contents of flavonoid and phenolic.
Upon TLC of the ME it was observed that there were

seven spots at different Rf values. A flavonoid
(Quercetin) from the ethylacetate fraction of corm of
Amorphophallus paeoniifolius was isolated by
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column chromatography using gradient elution
method. The isolated flavonoid was characterized by

spectral studies15.

Pharmacognostical Evalution:

Results showed raphids, rosette crystals of

calcium oxalate, presence of lignine, starch grains
etc. Preliminary physicochemical analysis revealed
loss on drying (0.75%), ash value (0.6%), alcohol

soluble extract (6.8%), and water soluble extract
(13.3%). These observations can be considered as
standard in future studies16.

Medicinal uses of corm:

gastroprotective ability: Free radical
spices plays important role in gastrointestinal

ulcerogenesis. Phytochemical constituents has
showed the presence of polyphenols, which also
posses anti ulcer activity. Methanolic extract of

Amorphophallus has the gastro protective ability
against pylorus ligation induced gastotoxicity in
albino rats. Methanol extracts of the corm has shown

the increased GSH levels and inhibition of lipid
peroxidation in dose dependent manner i.e. 250 and
500 mg/kg. Treatment with methanol extracts

showed reduction in gastric volume, free acidity,
total acidity, pH and ulcer score. The protection
percentage in dose dependent manner was, 250 mg/

kg showed 67% and 500 mg/kg showed 85.5%
activity respectively in comparison with standard
Lansoprazole 80.50%17.

Analgesic Activity:Oral dose of 250 and
500 mg/kg of methanol extract, showed significant
analgesic activity in mice. The methanol extract

suppressed dose dependently the frequency of acetic
acid-induced writhing in mice.18 Analgesic activity
was also confirmed by tail flick method and acetic

acid induced writhing response method by using
diclofenac sodium as standard. The intraperitoneal
administration of methanol extract of

Amorphophalluspaeoniifolius tubers (250, 500 mg/
kg) induced a significant analgesic activity in a dose-
dependent manner18.

Anticonvulsant Activity:Petroleum ether
extracts of Amorphophallus paeoniifolius at the dose
of 200, 300, 400 mg/kg were used for theeffects on

the onset of convulsion in isoniazid (INH)induced
mice model. Diazepam at the dose of 4 mg/kgwas

used as the standard drug. The group pre-treatedwith
standard diazepam had late onset of

convulsion.Petroleum ether extract of
Amorphophallus paeoniifolius in doses of 200, 300,
400 mg/kg significantly increasedthe latency of

onset of convulsions. Petroleum etherextracts
showed dose-dependent activity regarding onsetof
convulsion19.

Anti-Inflammatory Activity: Anti
inflammatory activity was observed by using
carrageenan induced paw edema model in rats20.

Among the petroleum ether, chloroform , methanol
and water extracts the Methanol extract of
Amorphophalluspaeoniifolius has prominent anti-

inflammatory activity while the chloroform extract
has milder activity. Diclofenac sodium at the dose of
5 and 10 mg/ kg were used as standard drug. 3 hours

after the carrageenan injection, the methanol extract
at the dose of 200 and 400 mg/kg produced 37.5%
and 45.83% inhibition when compared to the control

group represents the index of swelling. In case of
control group where the maximum swelling index
reaches up to 59.2 at 5th hour where as incase of

groups received diclofenac sodium 10 mg/kg and
methanol extract 400 mg/kg the maximum swelling
index were 16.02 and 23.29 at 2nd and 3rd hour

respectively. Methanol extracts of 200mg/kg and
400mg/kg with standard drug aspirin at the dose of
100 mg/ kg also found to produce Anti-inflammatory

activity. The effect ofAmorphophallus Campanulatus
tubers extracts was dose as well as time dependent,
both extracts shows maximum inhibition at 180

minute [(200 mg/kg) 48.44 % and (400 mg /kg)
60.35%)21.

Antimicrobial Activity: Antibacterial,

antifungal and cytotoxic activities of ethanol extract
of tuberous roots of Amorphophallus campanulatus
were assessed. Disc diffusion technique was used to

determine in vitro antibacterial and antifungal
activities. Cytotoxicity was determined against brine
shrimp nauplii. In addition, minimum inhibitory

concentration (MIC) was determined using serial
dilution technique to determine antibacterial
potency. The extract showed significant antibacterial

activities against four gram-positive bacteria (Bacillus
subtilis, Bacillus megaterium, Staphylococcus aureus,
Streptococcus haemolyticus) and six gram-negative

bacteria (Escherichia coli, Shigella dysenteriae,
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Shigella sonnei, Shigella flexneri, Pseudomonas
aeruginosa, Salmonella typhi). The MIC values

against these bacteria ranged from 16 to 128 ?g/ml.
The antifungal activity was found weak against the
tested fungi. In cytotoxicity determination, LC50 of

the extract against brine shrimp nauplii was 7.66 µg/
ml22.

Further antifungal and antimicrobial

properties of the various crude extracts of the drug
by using cup-plate diffusion method against common
pathogens viz., E.coli, S. aureus, E. faecalis, K.

pneumoniae, C. albicans and A. fumigatus. Among
the different extracts, the methonolic extract of A.
paeoniifolius was found relatively effective23. A

phytoconstituent amblyone, a triterpenoid from A.
paeoniifolius and assessed its in vitro antibacterial,
antifungal and cytotoxic activities. Disc diffusion

technique was used for in vitro antibacterial and
antifungal screening. Cytotoxicity was determined
against brine shrimp nauplii. In addition, minimum

inhibitory concentration (MIC) was determined using
serial dilution technique to determine the
antibacterial potency. Large zones of inhibition were

observed in disc diffusion antibacterial screening
against four Gram positive bacteria (Bacillus subtilis,
basillus megaterium, Staphylococcus aureus and

Sreptococcus pyrogens) and six Gram negative
bacteria (Escherichia coli, Shigella sonnei, Shigella
flexneri, Pseudomonus aerogenosa and Salmonella

typhi). The MIC values against these bacteria ranged
from 8 to 64 microgram/ml. In antifungal screening
the compound showed small zones of inhibition

against Aspergillus flavus, Aspergilus niger and
Rhizopus aryzae. Candida albicans was resistant
against the compound. In cytotoxic determination,

LC50 of the compound against brine shrimp nauplii
was 13.25 microgram/ml24.

Hepatoprotetive Activity:Shashtry et al.

in 2010 isolated a flavonoid (Quercetin) from the
ethylacetate fraction of corm of Amorphophallus
paeoniifolius and screened for hepatoprotective

activity on CCl4 induced model. The flavonoid was
subjected to various biochemical parameters such as
SGOT, SGPT, SALP, bilirubin, total protein and

histopathology of rat liver were studied. The results
were found to be significant by reducing the elevated
enzyme levels, increasing the protein level and

attenuating the damaged hepatocytes toward the

normal texture. The results were further supported
by histopathology of isolated rat liver25.

Antioxidant Activity:Antioxidant has a
characteristic ability to trap free radicals.
Amorphophallus species contains some kind of

phytochemicals like polyphenols and flavonoid with
antioxidative effect. Hexane extract and methanolic
extract of A. campanulatus tuber were evaluated for

phytochemical screening and in vitro antioxidant
activities using DPPH, hydroxyl radical, reducing
power and total antioxidant capacity assays. The

total phenolic and flavonoid contents were also
investigated. The protective potential of two different
doses of methanolic extract (125 and 250 mg/kg)

was also evaluated against thioacetamide (TAA)
induced oxidative stress in rats. Silymarin used as a
standard drug control. In vitro studies revealed that

methanolic extract has higher antioxidant and
radical scavenging activity than hexane extract,
which may be attributed to its higher phenolic and

flavonoid content. ACME significantly prevented the
elevation of serum AST, ALT, ALP, LDH, and tissue
malondialdehyde levels (P < 0.05). Hepatic and renal

GSH, GST, GR, GPx, and catalase levels were
remarkably increased by thetreatment with the
extract. Quantification of histopathological changes

also supported the dose dependent protective effects
of metahonic extract26. Antioxidant activity and
radical scavenging potential of ethanolic extracts of

Amorphophallus paeoniifolius was studied for the
inhibition of lipid peroxidation estimated in terms of
thiobarbituric acid reactive substances (TBARS) and

the levels were reduced by 4.3% to 67.2% in a dose-
dependent manner. Methanolic extract was analyzed
for scavenging capacities based on DPPH assay (1, 1-

diphenyl-2-picrylhydrazyl-2-radical) and percentage
inhibition activity based on 2,2-azinobis-(-3-ethyl)
benzothiozoline- 6-sulfonate (ABTS+) and H2O2. The

A.paeoniifolius extract showed a maximum of 68.6%
of DPPH scavenging activity and the maximum
inhibition of 74% and 67.2% in the case of ABTS and

H2O2, respectively. The antioxidant efficiency and
inhibition of oxidation of the extract was found to
be dose-dependent at the tested concentrations of 1-

50 microg/mL. High performance thin layer liquid
chromatography (HPTLC) profile of the extract
suggests the presence of polyphenols such as gallic

acid, resveratrol, quercetin and two unidentified
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compounds. The results suggest that the ethanol
extract of A. paeoniifolius has apotent antioxidant

activity in vitro and can be utilized as an effective
and safe source of antioxidants27.

Anti Tumour Activity: The ethanolic

extract of Amorphophallus Paeonifolius has shown
significant antitumor and antioxidant effect in
animals. Effect of ethanolic extract on RBC, WBC, Hb

& Neutrophils as a-P< 0.001, b-P<0.01, c-P<0.05,
ns-non significant, Effect of AP-extract on tumor
latency and tumour burden were found as extremely

significant at P<0.001The present preliminary
investigation suggests that Amorphophallus
paeonifolius tuber stimulate both cellular and

humoral immunity28.

CNS Depressant Activity: It was found
that petroleum ether extract at doses of 100, 300

and 1000 mg/kg showed significant CNS depressants
activity in mice the intra-peritoneal administration
of petroleum ether extract of Amorphophallus

paeoniifolius tubers (100, 300, 1000 mg/kg)
induced a significant decrease in locomotor activity
and grip test in a dosedependent manner. The

percentage decrease in locomotor activity are 16.53
(P>0.05), 56.77 (P<0.01), 73.36 (P<0.01) (n=6) and
percentage decrease in activity in grip test are 10.38

(P>0.05), 62.67 (P<0.01) and 70.78 (P<0.01) (n=6)
1 hour after the intra-peritoneal administration of
Amorphophallus paeoniifolius at the doses of 100,

300, 1000 mg/kg respectively29. A significant
synergistic effect of the petroleum ether extract of
Amorphophallus paeoniifolius was seen with

diazepam as compared to that of phenobarbitone30.
Effective dose (ED 50) for petroleum ether extract
for the CNS depressant activity was calculated to be

250 mg/kg. Both of the phenobarbitone and
diazepam exert their CNS depressant effect by acting
on the GABAA receptor. So it was concluded that the

components present in the petroleum ether extract
may bind with α  subunit and facilitate the GABA
mediated Cl- channel opening, thus hyperpolarizing

the cell and show CNS depressant action. Diazepam
is a benzodiazepine receptor agonist it was
concluded that extract has agonistic activity with

benzodiazepine receptor, which might similar to that
of diazepam Further investigations need to be done
to understanding of molecular mechanism of action

and signal transduction of the components present

in petroleum ether extract of A. paeoniifolius
regarding CNS depressant activity.

Conclusion:

Amorphophallus corm has been explored for
their phytochemical, pharmacological .This review

highlights the importance of Amorphophallus having
multiple therapeutic potential. This crop has the
ability to provide nutrition security to the developing

countries along with their medicinal aspects.
Thorough screening of literature available on
Amorphophallus depicted the fact that it is a popular

remedy among the Ayurvedic and traditional
practitioners for treatment of various ailments.

The plant was found to be potent analgesic,

anti-inflammatory, CNS depressant, anthelmintic,
antibacterial, antifungal and cytotoxic agent. It was
also seen that the benzodiazepine receptors may be

involved for the CNS depressant activity. The
phytoconstituents which are present in the plant are
mainly steroids and flavonoids which are responsible

for the actions. More research is needed to isolate
the constituents responsible for the biological
actions. It was also observed that no clinical trials

have been done so far. So from the current review
of literature and ayurvedic text it was concluded that
the plant is having high medicinal value. The

traditional and ethnomedicinal literatures showed
that the plant is very effective and safe for medicinal
uses. By using the reverse pharmacological

approaches in natural drug discovery a potent and
safe drug can be investigated from the plant for
various chronic diseases like liver diseases, cancer,

arthritis, and other inflammatory diseases.
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Etiopathological Study of Avabahuka: A Review

*Dr.Jeuti Rani Das, **Dr.Hemanta Bikash Das, ***Dr. Surendra Kumar Sharma, ****Dr. Sisir Kumar Mandal

Literary Review

     Abstract :

Avabahuka is a Vatavyadhi, which in contemporary science can be correlated to  frozen shoulder

on the basis of sign and symptoms. Though not major disease but hamper the routine domestic activities,
like combing, brushing and mostly affect the sleeping which bring the patient to physician. Which   prevalence
is 1 among 50. In Avabahuka, there are- pain, stiffness , restricted movement of shoulder joint, wasting of

muscle etc. the site Amsasandhi may correlate with shoulder joint. Though it is self limited , but recover
within 3 years. But this period is  unbearable. So by evaluating the exact  pathogenesis of Avabahuka  it can
prevent and treat. According to Ayurveda it is Vata Vyadhi, so come under Astamahagada. Susruta and

Vagbhatta mention Avabahuka directly under Vatavyadhi. though  Caraka mention 80 types of Nanatmaja
Vyadhi, but clearly mention that it is innumerable  and produce many disease according to site where
aggravated Vayu located. On the basis of these it is try to find out the etiology and pathogenesis of Avabahuka

which  can give a preventive measure and early intervention

Key words- Avabahuka, frozen shoulder, Vatavyadhi

‚Ê⁄Ê≥Ê¢ -

•fl’Ê„È∑§ ∞∑§ flÊÃ√ÿÊÁœ „Ò– ß‚∑‘ ‹ˇÊáÊ ∑‘ •ÊœÊ⁄ ¬⁄ ‚◊∑§ÊÁ‹Ÿ ÁflôÊÊŸ ◊¥ ¬Ê⁄S¬Á⁄∑§ ‚¢’ãœ »˝∏§ÙïÊŸ ‡ÊÊÀ«U⁄U ‚
∑§Ë ¡Ê ‚∑§ÃË „Ò– ÿlÁ¬ ÿ„ ’„ÈÃ ÉÊÊÃ∑§ √ÿÊÁœ Ÿ„Ë¥ „Ò, ‹Á∑§Ÿ ºÒÁŸ∑§ ∑§Ê◊- ∑§Ê¡ ¡Ò‚ ∑¢§ÉÊË ∑§⁄ŸÊ, ’˝≥Ê ∑§⁄ŸÊ, ŸË¥º Ÿ„Ë¥
•ÊŸÊ ßŸ ‚’ ◊¥ flÊœÊ •ÊÃË „Ò¥ ¡Ù ⁄ÙªË ∑§Ù ÁøÁ∑§à‚∑§ ∑‘ ¬Ê‚ ‹ÊÃ „Ò– ß‚∑§Ë √ÿÊ¬∑§ÃÊ 50 ¡Ÿ ‚ÊœÊ⁄áÊÙ¥ ◊¥ ‚ 1 ∑§Ê
„ÙÃÊ „Ò¥– •fl’Ê„È∑§ ◊¥ ≥ÊÍ‹, •¢‚ ‚Áãœ ◊¥ ∑§Á∆ŸÃÊ, ªÁÃ ◊¥ ∑§C •Ê⁄ •¢‚≥ÊÙ· „ÙÃÊ „Ò¥– •¢‚ ‚Áãœ ∑§Ê ¬Ê⁄S¬Á⁄∑§ ‚¢’ãœ
‡ÊÊÀ«U⁄U ¡Êßã≈U ‚ ∑§Ë ¡ÊÃË „Ò– ÿgÁ¬ ÿ •Êà◊¬Á⁄‚ËÁ◊Ã „Ò ‹Á∑§Ÿ ∆Ë∑§ „ÙŸ ◊¥ 3 ‚Ê‹ ‹ªÊÃ „Ò– ‹Á∑§Ÿ ÿ ‚◊ÿ •‚s
„Ò– ‚ê¬˝ÊÁ# ∑§Ê ‚„Ë ◊ÈÀÿÊ¢∑§Ÿ ∑§⁄∑‘ ß‚∑§Ë ÁøÁ∑§à‚Ê •Ê⁄ ⁄Ù∑§ÕÊ◊ ∑§⁄ ‚∑§Ã „Ò– •ÊÿÈfl¸º ∑‘ •ŸÈ‚Ê⁄ ÿ flÊÃ √ÿÊÁœ „Ò
ß‚Á‹ÿ •C◊„Êªº ∑‘ •ãÃª¸Ã „ÙÃ „Ò– ‚ÈüÊÈÃ •Ê⁄ flÊÇ÷^ Ÿ •fl’Ê„È∑§ ∑§Ù flÊÃ√ÿÊÁœ ◊¥ ≥ÊÊÁ◊‹ Á∑§ÿÊ „Ò– ÿgÁ¬ ø⁄∑§ Ÿ
ß‚ 80 ŸÊŸÊà◊¡ flÊÃ√ÿÊÁœ ◊¥ Ÿ„Ë¥ ÁªŸÊ „Ò ‹Á∑§Ÿ ©ã„ÙŸ ß‚ •ŸÁªÁŸÃ „Ò¥ •Ê⁄ ºÍÁ·Ã flÊÿÈ ¡„Ê •ÊüÊÿ ‹Ã „Ò fl„Ê ⁄Ùª
¬ÒºÊ ∑§⁄Ã „Ò– ß‚∑‘ •ÊœÊ⁄ ¬⁄ •fl’Ê„È∑§ ∑§Ë ÁŸºÊŸ •Ê⁄ ‚¢¬˝ÊÁ# ÁŸ∑§Ê‹Ÿ ∑§Ë ∑§ÙÁ≥Ê≥Ê ∑§Ë ¡Ê ⁄„Ë „Ò– ¡Ù ⁄Ùª „ÙŸ ◊¥ flÊœÊ
¬˝ºÊŸ ∑§⁄ „Ò •Ê⁄ ¡ÀºË ⁄Ùª ÕÊ◊ ∑§Ë √ÿflSÕÊ ∑§⁄–
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Introduction

   Avabahuka, it is such a disease which is

under Vatavyadhi and  in contemporary science can
be correlated with frozen shoulder on the basis of
sign and symptoms. The disease Avabahuka is not

mentioned  by Caraka directly under the 80 types
of Vatavyadhi but Susruta and Vagbhatta mentioned
it.1,2  It occurs in Amsasandi (shoulder joint). In this

ultra modernized era due to change in life styles,
sedentary work and food habits, people are unable
to follow the Dinacharya and Ritucharya  which are

explained in our science. Most of us spend a lot of
time in front of computer, TV, riding motor vehicle
etc. and this posture doesn’t allow a good movement

of the shoulder. This lead to an increased prevalence

of Avabahuka (frozen shoulder),   about  2-5%.3,4 It
is a Vatavyadhi, so the etiopathogenesis of

Avabahuka is same as Vatavyadhi.

So with the help of Nidana  and Samprapti
of Vata Vyadhi it is try to find out the Hetu

Samprapti of Avabahuka .

Conceptual study

Etiological factor of Avabahuka : Avabahuka

is a Vatavyadhi so etiological factor of Avabahuka
is same as Vatavyadhi.

The  etiological factor, some are predisposing

factor, some are precipitating factor and some are
provocating factor

Etiopathological Study of Avabahuka: A Review

Dr.Jeuti Rani Das, Dr.Hemanta Bikash Das, Dr. Surendra Kumar Sharma, Dr. Sisir Kumar Mandal

Literary Review

predisposing precipitating provocating provocating predisposing precipitating

factor factor factor factor factor factor

Aharaja Viharaja Kalaja Manashika Anya Agantuja

hetuja (traumatic)

Aadhaki Ashma, Loha, Varsha ritu Bhaya Dhatukshaya Marma-
Kastha,etc. bhighataja

Bhramana

Chanaka Ashma, Loha, Sayankala Chinta Rogatikarshanat Sport injury
Kastha etc. Chalan

Masoor Ashma, Loha, Kastha Aparahna Soka Atiraktasravn Bike riding On
etc. vikshepa uneven road
(throwing stone)

Mudga Balavatvighatana Sisira Utkantha Atiyoga of Prapatan
(wrestling) virechana

Sushka Duhkhkshaya Sitakala khobha Atiusshabhasana

Saka (uncomfortable sitting)

Vistambhi Duhkhasana krodha
(uncomfortable

sleeping)
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Pramitasana Bharbahana
(loading)

Alpasana Vichesta
(wrong posture)

Vishamaghana Ativyama (excessive

exercise)

Abhojana Ativyavaya
(excessive coitus)

Adhyasaa Atipradhavana
(excessive jumping)

Atishitata Plavana

(swimming)

Ballur Atibhasya

Katu, Tkta, Atilangana

Kashaya
Rasasevan

Laghu Dravya Adyasan

Shitavirya Atiadhayan

Samprapti  : The Samprapti is one among

Panchanidana. It is the way in which the Dosha gets
vitiated and the course it follows for the
manifestation  of disease5. A proper understading of

Samprapti is vital for the treatment, because Cikitsa
described in the Ayurvedic text is nothing but
Samprapti Vighatana6

The disease Avabahuka is under
Vatavyadhi. So, the Samprapti of  Avabahuka is like
the Vatavyadhi. A common pathogenesis is

described for every Vatavyadhi. But, according to
site its description is necessary.

In  the scapular region the Upadhatu of

Rakta, the Sira and Snayu (kandara), are  the cause
of tieing the muscle, for unrestricted movements in
a painless situation but when Keval Vata and

Samanyaja Vata aggravated with properties like
Ruksha due to various Vata Prakopa Nidana given
in above  paragraph cause the Soshana and

Samkocha of Sira and cause painful and restricted
shoulder movement. It is well known factor that all
the muscles are  nourished by veins  and tight by

Snayu or tendons. Tendon or Snayu and Sira are the
Upadhatu of Rakta.7 And  Mamsa or pesi is the next

Dhatu of Rakta. Smooth  movements of pesi are

governed and nourished by Sira or veins( nourished
by arteries and rejected/ ejected/ excessive blood is
carried out by Sira). This is very important factor of

about how the muscle,  tendon are working smoothly
when the circulatory energy of Vata is normal. The
kinetics of Vata fill with aggravated Ruksha Guna is

the main cause of Avabahuka. by Ruksha Guna it dry
up the Sleshak  Kapha, for which Sira and Snayu gets
no nutrition, so Shosan and Samkocha of muscle

takes place.

As Avabahuka is considered as a Vata
Vyadhi and Vata having Ashukari Guna the

Poorvaroopa like Bahupraspanditahara and Sula
may manifest mildly or are totally absent. But the
above symptoms are clearly manifested in the

Vyaktha Avastha or in Roopa Avastha of the
Vyadhi in the Vyakta Sthana i.e in the Amsa
Pradesha.  In this stage the Amsa Pradesha gets

affected by aggravated Vata for which Amsasoch
occurs in the initial stage by the decrease of
Shleshaka Kapha and further leading to

manifestations of Avabahuka by the symptoms like
Bahupraspanditahara and shula.
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Morbid Vyana Vata in other way may cause
Abhyantara Marmabhighata or any external trauma

to Amsapradesha may cause Bahya Marmbhighata
to the Amsa Marma present in Amsadesha. Because
this is a Snayu8 and Vaikalyakara Marma,9 by

afflicting Snayu will manifest Bahupraspanditahara.

In Vatavyadhi the common pathology is
though same but it vary according to site , because

different Anga Pratyanga are present in different
site, according to that Samprapti  occur and
produced different sign and symptoms. In

Avabahuka the disease occurred in Sandhi, where
Slesaka Kapha is remain,10 when the Vata get not
physiological movement and increased than its

normal level then it dry up the Sle?aka Kapha and
Anga-Pratyanga nourished by it become Ruksha. In
Sandhi there is Snayu, Sira,etc.11  which abstain from

getting nutrition and Vayu is increases in these
organ. So , the symptoms produced in Avabahuka
is like Stambha (stiffness), Sula (pain), Sira Akunchan

which leads Bahupraspandanhara etc. Gradually, the
Slesaka Kapha is dry up then Sandhigata Vata
Lakshana occur as Atopa (crepitation).12

Discussion:

The disease Avabahuka implies here bad
arm, the exact location of which is in Amsasandhi.

These occurs mainly in the age group 40-60 yrs.

Etiology:

The etiology of Avabahuka is same as

Vatavyadhi but all the etiology is not working in all
the Vatavyadhi similarly. Some act as predisposing,
some are precipitating and some are provocating

factor. Here dietic regimen act as predisposing
factor, but these alone cannot developed Avabahuka
because these factors not make any Kha-Vaigunya

in Amsasandhi. Viharaja and Agantuja (external
factor) act as precipitating factor, these make
Khavaigunya in Amsasandhi (shoulder joint), which

is a important factor to develop a disease again
Kalaja (seasonal factor) and  Manasika (mental
factor) act as provocating factor because the disease

increases according to change of the climate and
mental factor. All the mental factor mentioned here
are increases Vata.

 A . Aharaja :

I. Dravya : The all Dravya which are

mentioned in the table are not  used these days
except some Dravya. And all the Dravya are used
as per availability in respected areas. The continuous

taking of this Dravya produces Vatavyadhi. They
have increased Vata  by Rasa, Guna, Vipak,Virya or
Prabhava.

II. Guna : Here the Guna Ruksha, Laghu,
Sita increases Vata, becaused Vata has these
qualities. The Acharya simply mention that the

Ahara (diet) which has these  Gunah increase Vata.
These days it can say that the diet which is without
ghee, oil all are Ruksha (ununctous) e.g. continuous

taking of chapatti or rice without any ghee or oil.
Most of the time taking dry biscuit etc. Laghu diet
means which are digest easily, it may be diet which

has less nutrition or  diet in very less amount. These
Laghu Ahara are  unable to make Dhatu(body
tissue), so Vata is increase here. Sita(cold)

substances has the property to increase Vata,  so
these days the excessive use of chill water, cold
drinks can increase Vata.

III. Rasa : The taste pungent, astringent,
bitter increase Vata. Now-a-days excessive spicy
foods are taken by people as chat, chowmin which

has pungent Rasa.

 IV.Karma : The diet which  can produced
Vistambha increase Vata. These diet  make upward

direction of Vata during its  digestion. Now  the
pizza, burgar, hot dog, sandwich etc. come under
Vistambhi diet. They make constipation.

V.Virya : Here Sita Virya means the drugs
which has potency of Sita. It act in the body by
Sita(cold) property. Here same diet comes as

mentioned in the Sita quality Dravya.

 VI. Matra : Abhojana ( fasting ) are done
by people for a long period, these days also used to

do fasting. But Alpabhojana means dieting, which
girls are used to do these days to maintain the figure.
And due to proverty also people used to take less

amount of food which is a provocative factor  to
increase Vata. Irregular food habit due to work load
increase these days. There are many jobs where,

there are field works, e.g. in different type of
representative worker,  in ferry workers also there
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is chance of Visama?ana.

VII. Kala : In case of taking diet Kala (time)

has a prime role, Adhyasana is such a factor where
people used to take food before digestion of previous
food. These  days people has more social network,

so attendindg different kind of party frequently in
same day create Adhyasana. Which produced Ama
and by making obstruction produced Vata Vyadhi.

Again after digestion of food Vata increases, gap
shouldnot be more between two diet. These days this
occur due to engaged in study, work in office,

householdwork of women etc.

B. Viharaja (behaviour)

I. Mithyayoga : Asmabhrama,

Asmachalana, Asmavikshepa, Asmautksepa etc. are
seen in people who work in road making, building
making, where stones are mainly involved.

Balavatvigraha is found in professional wrestler,
accidently who fight with someone who is more
stronger than him.  Divaswapna (day sleep) is mostly

found in housewife, these days who  used to keep
maid for household work for which they get time for
day sleep. These form Ama due to improper

digestion. Damygajanigraha was found in ancient
time, these is very rare these days. Duhkhasana,
Dukhkshaya (Uncomfortable sitting, uncomfortable

sleeping) etc. are found in case of who travel
frequently in bus, train for which he has to sit or sleep
for 1 or 2 night very uncomfortable, in case of

businessmen e.g.  sometime  sit very uncomfortably
for whole day,  working as gold maker,  people
sleeping without mattress etc. In this way Asma, the

Kastha, Loha, Sila Bhramana, Chalana, Vikshepa,
Utkshepa are takes place these days e.g. the people
who work in wood industry, who work in forest

deptt. as labour the Kastha related Bhramana,
Chalana, Vikshepa and Utkshepa takes place. Loha
related takes place in case of blacksmith, Sila related

takes place in case of the person who work in cutting
hill. Bharbahana found in these days mostly kuli in
railway station, some ferrymen loading head, person

work in loading and unloading industry etc.
Vegdharana these days takes place due to busywork
life , people has no time to maintain daily routine

work due to competitive lifestyle. Due to growing
technology population  increase , so competition also
increases. Vishesta these days is very common

causes for Vata Vyadhi, people drive car, auto,  truck
etc. continuously for many hrs., gold maker doing

their job continuously by hand, tailor, cobbler, some
ferryman holding their things by hand, painter,
watching T.V. continuously, doing work in front of

computer,  studying in a uncomfortable manner etc.
all do their work in wrong posture  which come
under Vichesta.

 II. Atiyoga : Atibhasya is seen in teachers,
some representative under different job, political
leader, which increases Vata, Atiplavana (excessive

swimming) is seen in  professional swimmer,
Atiadhyana  (excessive study) is generaly found
these days in competitive examination, final

examination etc. Adysana (excessive sitting) is seen
in case of shopkeeper, where there may be Ama
formation due to lack of physical activity or may be

wrong posture. In ancient time there was elephant ,
horse, chariot etc. but these days different vehicle
like car ,bike, truck etc are available and continuous

using of these may produced different Vatavyadhi
because these produced abnormal movement of the
body, Atiratrijagarana (awkening at night) is found

in professional singer, night watchman, hospital
nurses at night duty, police on night duty, call centre
worker on night etc.all these vitiate Vata.

C. Agantuja( external factor):

I. Abhighataja : Different kind of injury, fracture
etc.

II. Gajaustraswasighrayanpatansanata
(falling from the running vehicle ride by elephant,
camel, horse): These days though these type  of

vehicle is  not found but falling from other
available running vehicle is found common for
which injury can takes place.

III.Marmabhighata : Injury in the vital organ,
like headinjury in different accident

D. Manasika (Mental factor):

Mental factors include Bhaya (fear), Chinta
(worry), Krodha(anger), Shoka(grief), Utkantha
(anxiety). These  factors are increasing day by day

though  these factors are same as ancient time but
the causes are different  and huge, due to more
competition in society, lack of time for over working

which leads more anger etc. Caraka said that Shoka,
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Bhaya etc increases Vayu, again he said in
Soshanidana chapter that Krodha decreases the

Hridaysthita Oja and by this Pratiloma Kshaya of
Dhatu takes place.

 E. Kalaja (Seasonal factor):  Vata is
increased in some respective time, like –  Abhra

(during cloudy seaseon), Aprahna (evening), Grishma
(summer season), Pravata (windy day), Sisira
(winter day), Sitakala (early winter), Varsha (rainy

season).

Samprapti of Aavabahuka in chart form
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F. Anya hetu( Miscellaneous causes):

Ama : Ama is the undigested material,

which may occur due to day sleep, due to regular
taking of Vishambhi Dravya( which is  difficult to
digest) etc., Asriksrava (blood loss) due to various

accident may lead Vatavriddhi, Dhatukshaya( loss of
body elements),  Doshaksaya ( according to
commentatory Purisha and Mutrakshaya) leads to

Vatavyadhi like in diarrhoea,  diabetes mellitus etc.
Rogatikarshana ( emaciation due to diseases) leads
to Vatavyadhi.

Pathogenesis : The Guna among the
Rukshadi 7 atribute is lone cause of the pathology,
remaining factor are uninvolved or may be in

physiological status.It is seen in Avabahuka  that the
structures around  the Amsasandhi dry up and not
get any nutrition, for which the organ abstain away

from its normal function, pain is develop. There  is
a lack of synovial fluid, which normally helps the
shoulder joint, a ball and socket joint, move by

lubricating the gap between the humerus (upper arm
bone) and the socket in the scapula (shoulder blade).
The shoulder capsule thickens, swells, and tightens

due to bands of scar tissue (adhesions) that have
formed inside the capsule. As a result, there is less
room in the joint for the humerus, making movement

of the shoulder stiff and painful. This restricted space
between the capsule and ball of the humerus
developed painful, stiff shoulder. Here all the active

and passive movements of shoulder are loss equally.

Conclusion:

Avabahuka is a common musculoskeletal

problem in todays life, though not a major problem
but it hamper daily activities. To prevent it is very
necessary to know the etipathogenesis of the disease,

because in these days use of steroid, pain killer, and
at surgery is the choice of treatment which are still
not fruitful. So early diagnosis of Avabahuka and its

prevention is found effective if there is a well known
pathogenesis.
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Role of Shamana Chikitsa in Arbuda with
Special Reference to Cancer

*Dr. Sumitha.L, **Dr. R R Hiremath

Literary Review

Abstract:

Cancer has attracted an attention of physicians and surgeons of the world. It is a challenge to the
medical profession as it is not easy to cure by several methods of treatment being followed by different
system of medicine. As it stands today, one of the most dread full diseases of the 20th century and further

spreading continuously with increasing incidence in 21st century and there is no permanent remedy for cancer
of long standing duration. And it accounts for 25% of all the deaths in humans presently.

Validations of anti-cancerous property of various medicinal plants have been screened worldwide.

The new findings about anti-cancerous drugs of plant origin which is not mentioned in ancient literatures
add up to Ayurvedic science that has been developed through ages. The researches conducted on medicinal
plants of Ayurvedic preparations for their anticancer efficacy strongly emphasize Ayurvedic therapy as a

scientifically motivated one. Such integrated approach is necessary to manage cancer using the growing body
of knowledge gained through scientific developments. Hence, an attempt is made in this review to discuss
about anticancer drugs of plant origin as well as the Ayurvedic line of managements like shamana, shodhana,

rasayana etc. strategies for various cancers.

Key Words: Arbuda, Cancer, Ayurveda, Rasayana.
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Introduction

The word Arbuda means an abnormal

glandular growth within or of any bodily tissue or
organ. This word describes cells believed to have no
natural function in the body. The words Granthi,

Arbuda, Gulma and Ashtila etc. are the words chosen
for different abnormal growths. Ayurveda points out
that the tissues of the inner layer of the dermis, or

the same kind of tissues lining any part of the body,
are regarded as the original birth place of Granthi or
Arbuda. According to Ayurveda the tissue of the

inner 6th layer of the skin is called “Rohini” means
tissue which has the nature of growth. It seems clear
that the word rohini is a synonym for the word

epithelium, thegroup of cells found lining the skin,
and surface layers of the mucous membranes.
Pathogenic injuries to muscular tissues and blood

can be caused physical trauma, or imbalances of
Vata, Pitta and Kapha. This result in injury to the
rohini tissue, and the formation of abnormal

branches of blood vessels. In this stage, early
Granthis or Arbuda scan develop, in the form of
bubble shaped glandular growths.1

Several studies have been conducted on
herbs to evaluate its anti-cancerous properties. The
survey study on 3000 plants by Hartwell conveys

the knowledge of potent anticancer drugs. Ayurveda
emphasizes prevention or suppression of various
tumors by various lines of treatment by using these

natural drugs. There are many case reports of cancer
patients, were treated with only Ayurvedic
principles. This creates a confidence not only in

patients but also in physicians.

Arbuda/Cancer

A tumor or neoplasm is a growth of new cells,

which proliferate without relation to the needs of the
body. Vataja/Pittaja/Kaphaja and dwandwaja (By
combination of two) signify a benign neoplasm. One

or two of the three bodily systems are out of control
and is not too harmful because the body is still trying

to coordinate among these systems. Tridosaja,
abnormal growth - indicate the malignant stage of the

neoplasm; Are very harmful because all the three
major bodily systems lose mutual coordination and
thus cannot prevent tissue damage, resulting in a

deadly morbid condition.Some cancers grow quickly
while others can take years to become dangerous to
the patient.1

Cancer is a process of uncontrolled
multiplication of body cells. Cell losses control on its
natural degeneration (death) and regeneration

(rejuvenation). Without its natural degeneration
(death), no cell can be regenerated (rejuvenated).

Materials and methods

Ayurvedic concepts of treatment:

A patient’s natural resistance is one the
essential factor that should be preserved for the

arrest of the progress of the disease.3 In Ayurveda
Bala(immunity) is classified into Sahaja(Natural),
Kalaja(Periodical) and Yuktikruta(Acquired).

Ayurvedic concept of vyadhikshamatva or
immunity/Resistance power involves both Vyadhi
utpada prathibandhakatva i.e., the capability to

prevent the onset of a diseases and Vyadhi bala
virodhitva which fight against developing diseases.
Even the Ojas(Essence of body) which imparts

strength to various tissues in the body to resist
diseases. Pratyanika bala(Induced immunity) is
responsible for increasing immunity of the host to

prevent diseases before its onset;every person has
some Sahaja bala or natural immunity too. One could
enhance this capacity or Pratyanika bala and Ojas

by taking appropriate Rasayana herbs which help in
building optimum quality tissues which fight diseases.
Because, According to Ayurveda un-equilibrium

within the body and mind as diseases. Therefore
always the aim of Ayurveda to bring back altered
equilibrium within the body and mind to harmony

with nature.

Role of Shamana Chikitsa in Arbuda with
Special Reference to Cancer

Dr. Sumitha.L, Dr. R R Hiremath

Literary Review
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action, Anabolic action, Nutritive action and
Neuroprotective action.

Rasayana/Anti-oxidants16-17

Anti-oxidants are the substances that reduce
oxidative damage such as that caused by free

radicals. Researches show that, it possibly reduces
the risk of cancer. Vitamins – E,C, Certain enzymes
like Superoxide dismutase (SOD), Catalase,

Glutathione paroxidase, Phytochemicals are
considered as antioxidants. Phytochemicals are
biologically active naturally occurring chemical

compounds in plant productpresent in –Fruit,
Vegetables, and Legumes, Whole grain Nuts,
Herbsand Spicesetc.

Antioxidant therapy also acts in three ways

1 . By inhibiting the generation of reactive   oxygen
species. This can be achieved by removing

causative factors i.e., langhanakarma.

2. By increasing action of antioxidant enzymes, like
SOD or catalase. This is done by the use of

certain drugs which enhance the action of these
enzymes i.e.,dipana karma.

3. The use of certain substances, which help in

neutralizing free radicals by either donating or
accepting electrons from free radicals. Vitamin C
and vitamin E i.e. by Pachana.

Rasayana drugs like amalaki and
ashwagandha act as antioxidants. Main constituents
in amalaki such as riboflavin, vitamin C, carotene

which have a role in cellular oxidation reduction in
collagen fibrin synthesis and absorption of iorn. The
natural antioxidants like super oxide-dismutase,

catalase and glutathione peroxidase increases by
withanolide in Aswagandha.15

Immunomodulatory And Adaptogenic

Activity

Rasayana drugs also act as
immunomodulators by promoting bodily defense

mechanisms such as increasing the WBC count,
improving immune function by increasing number of
T & B cells to fight against infections. Rasayana,

much emphasizes about administration of the right
kind of the diet to the diseased and healthy
individual as well as a medicine. ie, it need not be

only herbal formulation, may be a dietary regimen
or special health promoting behavior also.

Withaniasomnifera and Tinosporacordifolia
are also proven to be powerful immunostimulants,
which could increase body resistance power during

cancer-associated immunosuppression .Asparagus
racemosus, Ocimum sanctum, Picrorhizakurroa,
Emblica officinalis, Piper longum, and Terminalia

chebula are other herbs frequently used either singly
or in combination. Research works shows that
reduced side effect of chemotherapy and

radiotherapy by Ashwagandha (Withaniasomnifera)
and Haritaki (Terminaliachebula) and prevention  of
reoccurrence by Guduchi,9 and Radioprotection and

Chemoprotection action by administration of
brahmarasayana, Besides bael, turmeric, ginger,
triphala, and Podophyllumhexandra the other

immunomodulating herbs also show these
properties. Other herbs, such as Neem, Amalaki,
Plumbagorosea, and curcumin, and

semecarpuslehyam have been shown radio- and
chemosensitizing properties.

Habitual intake of Basellarubra or application

of alkali preparation of Musa paradisiacal, Conch
shell ash, Elaeocarpus tuberculatus, Sulphur,
Potassium carbonate, Embeliaribes and ginger were

used to cure Arbuda traditionally.

Anti-cancer herbs commonly used in
Ayurvedic treatment10

The mixture of Haritaki (Terminaliachebula),
grape juice andsugar cane juice has been used.
Resveratrol, a natural product derivative from grape

juice has beenproved to possess cancer
chemopreventive activity. Tulsi (Oxoxylumindicum)
the drug Oxoxylumindicum prescribed in treatment

of Granthi.

Local application: The paste comprising of
Baliospermummontanum  Plumbagozey-

lanica, Euphorbia neriifolia, Calotropisprocera,
jaggery, Semecarpusanacardium applied over the
tumours. The barks of Madhucaindica,

Syzygiumcumini, arjuna Terminaliaarjuna and Salix
caprea are prescribed. A paste of Pandanusodor-
atissimum or Pterospermumacerifolium flowers with

sugar was applied locally. Raphanussativus powder
paste with the radish ash was considered effective
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against kaphaja Arbuda. Barleriaprionitis oil
prepared with whole plant is indicated for external

application during acute stages of cyst in blood
vessels. Prosopis cinerariaseeds,  Raphanus
sativa, Moringaoleifera, barley and mustard with

sour buttermilk were applied locally for
disintegrating cysts. Amorphopalluscampanulatus,
the mature tuber is first burnt and then mixed with

butter and jaggery and applied for tumour
destruction. Flacourtiaromantchi, Cassia fistula,
Capparissepiaria, is recommended for kaphaja

tumours. Moringaoleifera seeds, Solanumxantho-
carpum,  Sinapisdichotoma,  Holarrhenaantidy-
senterica and Neriumodorum roots prepared with

buttermilk is used for arbuda tumours. Ficus-
bengalensis and Saussurealappa pacify tumour
growth on bone. Curcuma domestica powder in

combination with Symplocosracemosa,
Soymidafebrifuga, is mixed with honey is
used.Poultice prepared of Basellarubra, the plant

andleaves are ground with sour buttermilk with salt
indicated for arbuda.

Therapeutic enhancement potential of

ayurvedic herbs on cancer chemotherapy/
radiation24

Allium sativum - S-allylmercaptocysteine

(SAMC) (Water-soluble derivative of garlic) inhibited
proliferation and cell cycle progression in two human
colon cancer cell lines, Suggest usefulness  alone or

in combination with other chemo preventive agents.

Aloe vera- The protective effect of adding
aloe to the soapregimenincreases during long time

radiation exposure. Patients with advanced solid
tumours,Aloe vera extracts produced therapeutic
benefits in terms of stabilization of disease and

survival rate.

Alstoniascholaris- The Alstoniascholaris
extract increased the effect of radiation as by

enhancement of cell killing in HeLa and KB cells. In
in vivo studies, mice with Ehrlich ascites carcinoma
extract caused increased life span of animals. The

combination treatment of Alstoniascholaris extract
was also foundto be most effective against Ehrlich
ascites carcinoma as it caused thehighest tumor

regression and enhanced thesurvival time.

Curcuma longa -When radiation and

curcuma were applied together, curcuma showed a
radiation sensitising effect. Curcumin (active

constituent of Curcuma longa) also enhances the
anticancerpotential of Cisplatin and reduces its
nephrotoxicity in fibrosarcoma.

Heliotropiumindicum - Patient of solid
tumour who have undergone prior chemotherapy/
radiation therapy, Indicine  N-oxide (alkaloid from

Heliotropiumindicum ) have shown  improvement
against skin melanoma and ovarian carcinoma.

Moringaoleifera -The leaf extract of M.

oleifera exhibits significant radiation protection to
the bone marrow chromosomes in mice and are
useful to overcome side effects of radiation therapy.

Nigella sativa- In Ehrlich ascites
carcinoma, thymoquinone (TQ), (the constituent of
the Nigella sativa oil) significantly enhanced the

therapeutic efficacy, less body weight loss by
improvingitsantitumour effect and reducing its
nephrotoxicity.

Ocimum sanctum- Orientin and Vicenin
(water-soluble flavonoids of  leaves of Ocimum
sanctum) have shown significant protection to the

human lymphocytes against the clastogenic effect of
radiation, radiation lethality and chromosomal
aberrations there by  radioprotection associated with

their antioxidant activity .

Taxusbuccata- Taxol (active constituent
of Taxusbuccata), ifosfamide, and carboplatin has

proved active, safe, and easy to deliver in patients
with advanced stage lung cancer. Taxol significantly
improves the overall response rate, increases the

time to progression and the overall survival in breast
cancer patients. Taxol also exerts a weak
radiosensitising effect on breast and cervical

carcinoma cells.

Withaniasomnifera-Ashwagandha has
shown significant reversal of neutropenia of

paclitaxel in mice. It can be used as an adjuvant
during cancer chemotherapy for the prevention of
bone marrow depression associated with anticancer

drugs. Withaferine (active component) showed
significant antitumor and radiosensitising effects,
without any noticeable systemic toxicity. In Ehrlich

ascites carcinoma, the extract showed dose
dependent inhibition on tumor growth and increased
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the survival rate. It also reduces cyclophosphamide
induced myelo suppression and leucopoenia, can be

useful in combination with chemotherapy.

Importance of Rasaushadhi

Being a preventive medicine, Ayurveda has

protective influence over the killing disease. It
improves the immune system of the body against the
disease due to its immunomodulatory activity.

Prevents the multiplication of the cells by lekhana
karma(scraping action)Eg: VajraBhasm, Abhrak
Bhasma, Swarnabhasma, Rajatabhasma, Naag

bhasma, Tamra Bhasma, Rasasindoor Hiraka
bhasma, Raudra bhasma, Somanatha rasa,
Arbudahara rasa Gandhadilepa, Ramabana rasa,

Suvarnavangeshwara rasa, Suvarnamalinivasantha
rasa, Nityananda rasa etc.

There are many Rasaushadhis used in the

management of Arbuda in early stage of disease and
are helpful in the prevention of spreading of disease
in further stages. As Rasa preparations can be

administered even in incurable diseases, Preparation
of Rasoshadhis are essential for treatment of ailing
humanity, provided these are produced without

compromising the fundamentals of the Ayurvedic
pharmaceutical operations (like shodhana, marana,
etc).

Pathya

Time tested life science emphasizes the
importance of the right kind of food for the formation

and sustain of body. Body is the product of food and
that humans attain pleasure and sorrow [health &
diseases] because of wholesomeness and unwhole

someness of the diet. Exercise and diet are important
adjuncts to the primary treatment.Without
wholesome diet medicines are of no use and with

proper diet medicines are not required. Use of herbs
every day in the diet (eg, ginger, turmeric, garlic,
pepper, cloves, tulsi, and saffron) and taking seasonal

detoxifiers and antioxidants such as triphala, neem,
amalaki, piperine from black pepper, has been shown
to be a bioenhancing principle.

Avoiding a non -vegetarian diet has been
shown to be preventive for tumorigenesis.Cancers is
most prevalent in the Western World and in India

comparativelyit’s very low. For example, the
incidence of prostate cancer is 50-fold less in India

compared with the United States. The cause of the
lower incidence, mortality, and morbidity could be

lifestyle and diet related; the question of whether it
is due to Ayurvedic principles leading to a better diet
and lifestyle is difficult to pinpoint. The 70% of the

Indian population is vegetarian, and this may also
contribute to the lower incidence of cancer.

The concept of Aarjasrikarasayana [general

rejuvenation] deals with pathya for improving quality
of life by offering protection from external and
internal stressors.

Discussion and conclusion

Mamshajanamtusamshuddhi:
shastraksharaagni karma cha ||

Surgical management in Ayurveda includes
fomentation by means of external application,
cleansing by internal medication, opening the

tumour surgically for evacuation of its contents,
cauterisation to avoid recurrence and post-operative
care for healing the wound. Arbuda is excised

completely from its deep root seat by cauterisation
to destroy any of the remaining cell particles by
using herbal and mineral medicines. Even agni

karma, kshara sutra and jalukacharana have a great
role in managing a disease like cancer.In the unripe
stage of granthi, a treatment recommendes as same

as that of shopha. Different kinds of sweda
(fomentation), upanaha (poultice), and lepa (pastes)
were recommended. Once the granhi got ripens it

should be cut open and drained of pus and the ulcer
washed with the herbal decoctions and purified,
followed by ksharaagni karma by heat or alkalis and

medicated oil application.

Ayurvedic concepts of chemotherapy

Chemotherapic drugs can be considered as

vishadravya (toxins) as they are cytotoxic and
produce symptoms same as Garavisha. They are
Ushna in virya, Tikshana, Laghu, Ruksha, Vishad,

Vyavayi, Vikashiguna. Most of the properties are
opposite to Rasa, Rakta, Shukra dhatu, Ojus and
Prakrit Kapha. Ayurveda is exploring the treatment

of malignanciesby clinical evidence through various
research works. Management of complication of
chemotherapy can be well managed by the principles

& line of treatment mentioned in Ayurveda. In
Ayurveda these set of medicines (chemotherapeutic
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Drugs) can be understood as Tikhsna Aushadhas and
their properties are almost similar to properties of

visha (poison). The drug which cures the disease and
at the same time will not produce any other disease
or discomfort is uthamabheshaja (best medicine). So

this review illustrates the same concepts.

Though from the lateral half of management
of cancer, one should escalate our self to the former

half of the management of cancer. Modern medicine
also uses cytotoxic, chemotherapy, radiotherapy and
surgical removal of tumors, which are mainly

shodhana (Purificatory) measures and mainly kapha
reducing.

Ayurvedic treatment of cancer is a holistic

approach and is currently preferred. The new wave
of ‘‘system biology’’ and ‘‘genome revolution’’ is
expected to provide a holistic approach to the

treatment of cancer. In spite of it, this approach
tends to ignore the relationship between mind, body,
and spirit. It is our hope that Ayurveda can help fill

this gap.

Overall, it provides a glimpse of the
Ayurvedic approach to cancer and treatment. This

review also an attempt to reveal, how these
approaches can be applied in today’s world.  The
current treatment tends to be focused at the

molecular level and symptomatic relief; it is highly
unfocused at the whole organism level.  This way of
approach diminishes the side effects noted with

modern treatments that substantially impact the
quality of life of cancer patients. These
shamanaushadhis have been shown to improve

appetite, food intake, malnutrition, fatigue and
sensation of well-being, which could elicits body-
weight gain. Thus itrejuvenates the body tissues,

tones up the body systems, and acts as a tonic to the
body against cancer cachexia. Attention should be
given not only to the evaluation of safety and

examination of effectiveness in treatment strategy,
but also to the consideration of community practice
settings, patient expectations, compliance and cost

effectiveness. Because of this holistic approach
towards total healing and health promotion,
Ayurvedic treatment has a great deal of promise in

cancer therapy.
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An Analysis of Neuroanatomical Consideration in Ayurveda

*Dr. Tikendrajit Sarma, **Dr. Kamal Kr. Barman

Literary Review

Abstract:

Neuroanatomy entitle with structural configuration and organization of nervous system. Structures
form with the help of Gray matter and White matter represented voluntary and involuntary aspect include

Neuron, Nerve tissue, Neurogalia and Schwann’s cell i.e supporting tissue. Tract, laminiscus with the functional
area of Cerebral cortex will also come under the preview. In Ayurveda significant range of terminology are
used for nervous component as well as its functional aspects. The terminologies extend from sira, mastishka,

nadi etc highlight both structural and functional preview. Mostly these are discussed in relation with structural,
localization, character as well as with therapeutic aspect. Most widely used term “Sira” identify brain matter
while “Mastishka or Mastishkagata sneha” emphasis brain substances totally. Nerve cell enrich with lipid

structurally similar with “Ghrita” stressed by Dalhana. The present study tries to discuss all these aspect of
nervous system specifically in relation with morphological consideration and therapeutic aspect.

Keywords- Neuron, Brain matter, Mastishka.

‚Ê⁄UÊ¥‡Ê-

Neuroanatomy ∑§Ê ⁄UøŸÊ ‚¥’¥œË M§¬ •Ê⁄U ÃÁãòÊ∑§Ê ÃãòÊ ∑§Ê ‚¥ª∆UŸ ∑§„Ê ªÿÊ „Ò–  Neuron, nerve tissue,

Neuroglia •ÊÒ⁄ Schwann’s Cells ‚ ⁄UÁøÃ Grey matter •ÊÒ⁄  White Matter ∑§Ê ∞Áë¿U∑§ •ÊÒ⁄U •ŸÒÁë¿U∑§ ¬„‹È•Ê¥ ◊¥ fláÊ¸Ÿ
∑§⁄UÃÊ „Ò– •ÊÿÈfl¸Œ ◊¥ SŸÊÿÈ÷Êª •ÊÒ⁄U ©‚∑§ ∑§ÊÿÁà◊∑§ ¬„‹È ∑§Ê fláÊ¸Ÿ Áfl‡Ê· ‡ÊéŒÊfl‹Ë ∑§ M§¬ ◊¥ ∑§Ë ªß¸ „Ò– ∑È§¿U ‡ÊéŒ
ß‚ ¬˝∑§Ê⁄U ÁflSÃÎÃ „Ò, Á‚⁄UÊ, ◊ÁSÃc∑§, ŸÊ«∏Ë •ÊÁŒ ¡Ê ÁflÁ‡ÊC M§¬ ‚ ⁄UøŸÊà◊∑§ Á∑˝§ÿÊà◊∑§ ¬„‹È•Ê¥ ∑§ •ÊœÊ⁄U ¬⁄U ∑§Ë ªß¸
„Ò– Á‚⁄UÊ ‡ÊéŒ •Áœ∑§Ê¥‡Ê ◊ÊòÊÊ ◊¥ ©¬ÿÊª „ÊÃÊ „Ò ¡Ê brain matter ∑§Ê ‚◊Õ¸Ÿ ŒÃÊ „Ò •ÊÒ⁄U ◊ÁSÃc∑§ ÿÊ ◊ÁSÃc∑§ªÃ SŸ„
¬ÍáȨ̂Ã— brain substance ¬⁄U ◊„àfl ŒÃÊ „Ò– «UÀ„áÊ Ÿ SŸÊÿÈ∑§Ê‡Ê ∑§Ê fl‚Ê ‚ ‚◊Îh ◊ÊŸÊ „Ò, ¡Ê  ⁄UøŸÊà◊∑§ ≤Ác≈U ‚ ÉÊÎÃ
‚ ÃÈÀÿ „Ò– flÃ¸◊ÊŸ ∑§Ê‹ ∑§ •äÿÿŸ ‚ ÃÁãòÊ∑§Ê ÃãòÊ ∑§ ‚÷Ë ¬„‹È•Ê¥ ¬⁄U ÁfløÊ⁄U ∑§⁄UŸ ∑§Ë øc≈UÊ ∑§Ë ¡Ê ⁄U„Ë „Ò– ÿ„
‹π Áfl‡Ê· M§¬ ‚ ÃÁãòÊ∑§Ê ÃãòÊ ∑§ L§¬Êà◊∑§ ÁfløÊ⁄U •ÊÒ⁄U ÁøÁ∑§à‚∑§Ëÿ ©¬øÊ⁄UÊà◊∑§ ≤Ác≈U∑§ÊáÊ ∑§Ê Œ‡ÊÊ¸ ⁄U„Ê „Ò–
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State Drug Testing Laboratory (AYUSH), Assam
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Introduction:

Neuroanatomy deals with morphological and

organisation of nervous system includes brain, spinal
cord, ganglia, nerve, etc. which is structurally
composed by grey matter and white matter. The

fundamental components with morphological entities
are present scattered in Ayurveda in different
context. A wide range of terminologies are available

in text which emphasizing structural entities,
location and composition highlighting functional and
applied approached. Analysis of these components in

above arena is essential for better understanding of
human anatomy.

Aims:

1 . To the present study aim to elucidate the
structural entities related to nervous phenomena.

2. To interpretation of the component with the

nearest structures of nervous system will be
highlight.

Material And Method:

The study is designed to evaluate the
terminology used for nervous system from the
structural and functional preview. Emphasis is given

in context relating to morphological identity with
applied aspect insight .Histological interpretation will
also tried with the available references.

Review & Discussion:

In text specific terminology are incorporated
as bellow-

1. Sira (Shira)- Most widely used component. Sira
includes 3 structures/divisions

a) Head & Neck (collectively)

b) Head

c) Skull

a) Head & Neck:

i) In context of sadangam, 6th division (sastha sira

iti) of the body is defined as Sira1.

ii) Headache, hemicrania, disease of oral cavity,
nose, eye and ear, facial paralysis, lockjaw etc.

are the morbidity of Sira which indicate it as
Head & Neck.2

b) Head:

i) In relation to Dasa Pranayatana, Cakrapani
includes Sira as Trimarma indicates Head.3,4

ii) 5 types of Siraroga imparts diseases of head. 5

iii) “Roga Sirasi Sambhutat”- Head is the place for
generation of disease.6

c) Brain and Cranium:

Pranah Pranabhrit Yatrashritah
Sarvendriyani ca Yadutamangamanganam
Sirastadabhidhiyate.7

The vital part of the body is defined as Sira

where Prana along with organ sustains. This clearly
indicates the Head with cranium which regulate.
Control and govern all the function of human being.

2. Mastak or Mastiska:

Widely used terminology for Brain matter
and Cranium.

a) Brain matter:

i) In relation to amount which is measured as
Ardhajali (1/2 anjali) and same with Sukja & Oja.

ii) Dalhana highlights ‘Panchamastika’,
Parswamastak’ and ‘kalamastak’ that represents
Occipital lobe, Parietal lobe and Temporal lobe

respectively.8

iii) Indu used the term ‘Antarmastak’.

b) As Cranium:

i) In context of discussion of different body parts
Susruta counted it as Pratyanga.9

ii) Vagbhata I mentioned in relation to Adhipati

marma.10
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3. Mastaka Sneha: Mastiska is better to
understand as Mastakasneha exhibiting ‘Ghrita’ in

appearance11. Here white colour is due to the
presence of fatty materials. However a neurolema
sheath is absent here.

This indicate the outer Grey matter and inner

White matter studded with Cell body and Nerve fibre
which are basically lipid in predominant.

4. In the treatment with ‘Talupat’ here i.e.
depression of  anterior fontanelle occurs due to
diminish of “Mastulunga”, where Ghrita prepared

with Madhur dravya is beneficial. Applied through
internally and externally.12

Commenting on Dalhana says it (Mastulunga)
appears as Mastaka majja (“Mastulungabilen-

ghritakara Mastakmajja”).

The Mastakmajja or Mastulunga can be

identified as ‘Brain matter’.

5. Murdha – It is synonym of Sira.13

6. Mastakarandhra- It is mentioned by

“Sarangadhara” 14 and “Bhavaprakash’ 15

In human body 10 opening persist, 9
external passages and one internal present Mastaka
which is also defined as Brahmarandhra. This
randhra can be understood with Anterior fontanelle

which is an unossified area present at the antero-
superior angle of parietal with superior angle of
Frontal bone.

7. Mastak Maija: It is synonym of

Mastulunga which clearly indicate Brain substance.

8. Pacchyad Griva or Parswa Mastiska-

Dalhana mentioned this 2 term indicate occipute/
occipital lobe or Parietal lobe respectively.8

9. Cudasthanam - on ‘Bhagnanidana’ and
‘Madhavanidana’ Srikantha Dutta quoted this term

which can be understood as synonym of Sira
(Head).16

10. Urdha Hriday - In “Urdhada-
samuliyadhyaya” Bhela mentioned it which can be
understood with Brain.

11. Urdhakaphasaya - Acharyajeevak

mentioned that provocated vayu produces
“Pratichaya” (Rhinitis) involving urdhakaphasaya
which indicate Head. 17

12. Uttamanga - It is used for Head or
Head & Neck mentioned collectively by Susruta and

Caraka.18

13. ‘Sirastalu’ -In Bhela samhita it is used
for ‘Brahmarandhra’ indicate fontanelle.

14. ‘Sangyavahasrotangsi’ - Terminology
emphasized sensory nerve or ascending tract.
However in control of sleep it exhibit reticular

formation. 19,20

15. Cestabahasrotangsi -This can be
understood with Motor nerve.

16. Nadi - Commonly used term available in
different context means for Vessel Cord, Meatus,
Canalli or Tube. In relation to nerve following

references maybe highlighted

i) Sabdavahinadya- Understood with cochlear
nerve.21

ii) Netra Nadi- Optic nerve.

iii) Medhyanadi- Dalhana mentioned in the context
of sleep which can be understood with white
fibres of Cerebral Cortex or Spinal cord.

iv) In ‘Shiva Samhita’ Dr Dhirendranath Banerjee
mentioned that among the 3,50,000 nadi,

following 14 are important -

a) Ida- The left sympathetic chain

b) Pingala- The right sympathetic chain

c) Sushumna- The spinal cord

d) Gandanari- Sympathetic nerve to the left
eye.

e) Hastijihwa- left sympathetic spinal system of
Cervical, Brachial and lumbosacral plexus on the

left side from left eye to left great toe.

f) Kuhu- Pedendral nerve

g) Saraswati- Sympathetic fibre of cervical

plexus supplying the tongue.

h) Pusha- Sympathetic nerve to the right eye.

i) Sakhini- Left auricular branch of cervical

plexus

j) Payaswini- Right auricular branch of cervical
plexus

k) Baruni- Branch of sacral nerve
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l) Alambusha – Coccygeal nerve to anus and
urogenital organs.

m) Bisabara- Sympathetic nerve of lumber

plexus.

n) Yasaswii – Stretching from right thumb to

right leg, brachial and lumbosacral plexus.

Thus it exhibit that in Yoga and Tantra – the
term Nadi clearly emphasised for nerve. Sira,

Dhamani and even Srotas are seldom used to
highlight different nerve activities specially
‘Vatavaha sira’ point out motor and sensory aspect

of nervous system. Gananath Sen in relation with
genesis of sira refer as medulla and spinal cord.
Dalhana commenting in the function of vatavahasira

says “Kayakriyanam Prasaranakuncchanadinam
Vakakriyanam bhasitadinam22………” signified
voluntary action of limbs and involuntary function

of viscera and organ. This can be understood with
volitional and autonomous function of Nervous
system. Dhamani another terminology used

normally for vascular structure while sometime
corroborates with nerve due to is wide spread
functional presentation e.g. in sabda vaha dhamani,

rupavaha dhamani etc. represent cochlear and
olfactory nerve respectively. In this connection
srotamshi indicate motor activity in receptor of

musculoskeletal component.

Conclusion:

The morphophysiological description of

nervous component has sporadic mentioned in
classics. Different terminologies are found elsewhere
which gives a glimpse of neuroanatomical

component. Often the higher functions are attributed
to Hridaya. It is interesting to observe the function
of above mentioned structures bear limited

description, though they are emphasized in
therapeutic approach.
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Abstract -
Hypercholesterolemia, also called Dyslipidemia, is the presence of high level of cholesterol in blood.

It causes excessive adhesion of lipid and fat in the internal wall of hollow visceral organs and specially
arteries. Although Hypercholesterolemia itself is asymptomatic, long standing elevation of serum cholesterol
can lead to Atherosclerosis. In Ayurveda, It can compare with a disease Medoj Vriddhi, characterized by

Snigdha-angata, Udar-parshwa vriddhi, Dourbalyata. A 46 year old male patient reported to the outdoor
department of Sharir Kriya NIA, Jaipur, with the complains of Udar Parshva Vridhhi, Dourbalyata,
Shramahani for last 6 month and other associate complaints were debility, lethargy, excessive sleep for one

month. The patient was diagnosed as Hypercholesterolemia. A combination of Arogyavardhini vati (500mg),
Punarnava Mandoor (500mg), Vidangadi Loha (250mg), Yavakshar (500mg), Choshath Prahar Pipili
(500mg) along with Raktasodhak Avaleha (10mg) two times in a day. Along with Vyoshadi Guggulu (2 Tab),

Triphala Guggulu (2 Tab) twice a day, along with Avipattikar churna (3g), Kutaki Churna (2 g), Amalaki
Churna (1g) twice a day with water after meal for two months. After two month of treatment a significant
response was found.

Key Word– Hypercholesterolemia, Medo Vriddhi, Shaman Aushadhis, Dyslipidemia

‚Ê⁄UÊ¥‡Ê-
„Êß¸¬⁄ ∑§Ù‹S≈⁄Ù‹Á◊ÿÊ, ¡Ù ∑§Ë Á«U‚Á‹Á¬«∏Á◊ÿÊ „Ò, flÙ ⁄Q§ ◊¥ ∑§Ù‹S≈˛Ù‹ ∑§Ë ◊ÊòÊÊ ∑§Ù ‚ÍÁøÃ ∑§⁄ÃË „Ò– ß‚∑§Ê

◊ÈÅÿ ∑§Ê⁄áÊ ∑§ÙDËÿ •flÿflÙ ∞fl¢ œ◊ÁŸÿÙ¥ ∑§Ë ÷ËÃ⁄Ë ºËflÊ⁄UÙ¥ ¬⁄ ◊º ∞fl¢ ø⁄’Ë ∑§Ê •Áœ∑§ ¡◊ÊŸÊ „Ò, ¡Ù Á∑§ „Êß¸¬⁄
∑§Ù‹S≈⁄Ù‹Á◊ÿÊ πÈº „Ë ∞∑§ ‹ˇÊáÊ ⁄Á„Ã √ÿÊÁœ „Ò Á∑§ãÃÈ ∞‚Ë ¬Á⁄ÁSÕÁÃ ‹ê’ ‚◊ÿ Ã∑§ ⁄„ ÃÙ flÙ œ◊ŸË¬˝ÁÃøÿ „ÙŸ ∑§Ë
‚¢÷ÊflŸÊ ∑§Ù ’…U∏Ê ºÃË „Ò– •ÊÿÈfl¸º ◊¥ ß‚ √ÿÊÁœ ∑§Ë ◊ºÙ¡ flÎÁh ∑‘ ‚ÊÕ ÃÈ‹ŸÊ ∑§Ë ¡Ê ‚∑§ÃË „Ò, Á¡‚ ◊¥ ÁFÇœÊ¥ªÃÊ, ©º⁄
¬ÊE¸ flÎÁh, ∞fl¢ ºÙ’¸ÀÿÃÊ •ÊÁº ‹ˇÊáÊ Á◊‹Ã „Ò ¬˝SÃÈÃ ≥ÊÙœ ◊¥ ∞∑§ ¬ÈL§· Á¡Ÿ∑§Ë ©◊˝ 46 fl·¸, ÁŸ⁄¢Ã⁄ 6 ◊Ê„  ‚ ©º⁄ ¬ÊE¸
flÎÁh, ÁFÇœÊ¥ªÃÊ ∞fl¢ ºÙ’¸ÀÿÃÊ •ÊÁº ‚◊SÿÊ•Ù¥ ‚ ¬⁄≥ÊÊŸË ÕË  ß‚ ⁄ÙªË ∑§Ù 2 ◊Á„ŸÊ •ÊÿÈfļº ∑§Ë ≥Ê◊Ÿ •ÊÒ·Áœ •Ê⁄ÙÇÿflÁœ¸ŸË
fl≈Ë, ¬ÈŸŸ¸flÊ ◊¢«ÍU⁄, Áfl«U¥ªÊÁº ‹ı„, ÿflˇÊÊ⁄, øÙ·∆ ¬˝„⁄Ë Á¬å¬‹, √ÿÙ·ÊÁº ªÈÇªÈ‹È, ÁG»§‹Ê ªÈÇªÈ‹È ∞fl¢ ¬¢ø‚∑§Ê⁄ øÍáÊ¸ ºË ªÿË–
45 ÁºŸ ◊¥ ©¬⁄ÙQ§ ‹ˇÊáÊÙ¥ ◊¥ •ë¿UÊ ¬Á⁄áÊÊ◊ •ÊÒ⁄ ≥ÊÊ⁄ËÁ⁄∑§ ’‹, fláÊ¸ ◊¥ ÷Ë •ë¿UÊ ‹Ê÷ ¬˝Ê# „È•Ê–
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Introduction:-

Hypercholesterolemia, also called
Dyslipidemia, is the presence of high level of
cholesterol in blood. Elevated levels of non-HDL

cholesterol and the LDL in the body may be
consequence of diet, obesity, inherited disease or the
presence of the other disease such as Diabetes and

an underactive thyroid. About 34 million adults in
the U.S. have high blood cholesterol1.

According to ayurved it can be co- related

to the disease Medo vriddhi2 which manifests in the
form of Snigdha-angata, Udar-parshwa vriddhi,
Dourbalyata, Shramahani. In the conventional part

usually the treatment is started by administrating
drug with Hypolipidemic agents include bile acid
sequestrants, Niacin, Fibric acid and HMG-COA

reeducates inhibiters3.

Looking in to these limitations in the
treatment and prognosis of Hypercholesterolemia, a

single case of Medo vriddhi was observed by using
Deepan Pachan (Digestive- Carminative), Rakta
shodhak (blood purifier) and Medohar dravyas to

analyze its effect in the management of the disease.

Case Report-

A Hindu, married 46 year old male patient

visited (April 21, 2017) the outdoor department of
Sharir Kriya of NIA, Jaipur with OPD no
21221042017 for the chief complains of Snigdha-

angata, Udar-parshwa vriddhi, Dourbalyata,
Shramahani and Udar gauravata (Heaviness in
abdomen) for last 6 months, and other associated

complains were Kshudha vriddhi (Excessive hunger)
Nindra vriddhi (Excessive sleep), Vibandha
(constipation), Klama for last 1 month.

Personal history revealed that the patient is
vegetarian and used to take extra oily and fatty diet,
with regular habit of intake of Homemade food,

Excessive sleep, frequency of micturation 7-8 times/

day and patient have no addiction. The patient has
constipation and urge of defecation in 1 time/ 2day.

Past history – There is no any significant
past history.

Family history – There is no any

significant family history.

The General examination of the patients
showed paleness in conjunctiva and vitals being pulse

rate 78/min, respiratory rate of 20/min, blood
pressure of 120/70 mm of Hg and body weight is
80kg. Pre abdominal examination showed fullness of

abdomen and tenderness in Right hypochondriac
region, epigastric and umbilical region. The
impression of Lipid profile on March 29, 2017

implies Total Cholesterol 239.0mg/dl (00-200
Normal), Triglycerides 172 mg/dl (0-150 Normal),
HDL-Cholesterol 45.0mg/dl (40-60 Normal), and

LDL 159.0mg/dl (0-100 Normal), VLDL 34.0mg/dl
(0-50 Normal), CHOL/HDL Ratio 5.26 (< 4.5
Normal).4 Based on clinical presentation, Patient was

diagnosed as a case of Medo vriddhi.

The Following oral medicines were
administrated for 2 month.

l A combination in powder form of
Arogyavardhini Vati (500mg), Punarnava
Mandur (500mg), Vidangadi Loha (250mg),

Yavakshar (500mg) and Choshath Prahar Pipili
(500mg) are administrated with Rakta sodhak
avaleha (10g-10g) twice a day before Meal.

l A combination in powder form of Avipatikar
churna (3g), Kutaki Churna (2g),  Amalaki
churna (1g) are administrated with luke warm

water twice a day after meal.

l Vyoshadi gugglu tab And  Triphala guggulu tab.
Two tablets twice a day with water are

administrated after Meal.

Ayurvedic Management of Medo Vriddhi w.s.r. In
Hypercholesterolemia – A Case Report
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l Panchsakar Churna (5g) is administrated orally
at night with Luke warm water.

On the first follow up (after 10 days of the
treatment) patient reported reduction in previous
mentioned symptoms. Improvement was noted in

weakness, sleep, and appetite and bowel habit. On
the second follow up digestion power of patient was
improved. On the third follow up appetite of Patient

was improved and patient feel lightness and
energetic in routine activity on the fourth follow up.
At that time he again advised for Lipid profile test.

The patient was on follow up till 2nd month
without any single episode of replace.

In this case study, assessment was done on
the basis of sign and symptoms as well as Lipid
Profile test. After 2nd month of drug intervention

Total Cholesterol 239.0mg/dl reduce to 210.0mg/dl.
Triglyceride 172.0mg/dl reduced to 127.0mg/dl,
LDL 159.0mg/dl reduced to 141.0mg/dl, CHOL/HDL

Ratio 5.26 reduced to 4.82 after 2 month. This
indicates that after orally medication and restriction
of the food relief was noted. A very little change was

observed in HDL value.

TABLE: Assessment before and after treatment

Investigation Before Treatment After Treatment

1) Total Cholesterol 239.0 mg/dl 210.0 mg/dl

2) Triglyceride 172.0 mg/dl 127.0 mg/dl

3) LDL 159.0 mg/dl 141.0 mg/dl

4) CHOL/HDL Ratio 5.26 4.82

5) HDL Cholesterol 45.0 mg/dl 44.0 mg/dl

Discussion:-

Clinical presentation of Hypercholesterolemia
shows resemblance with different clinical conditions

described in Ayuvedic classics up to some extent it
looks closer to Medo Vriddhi because the sign and
symptoms of Hypercholesterolemia mentioned in

modern medicine shows that the proper digestion
and fat metabolism play a major role in the cure of
this disease. Due to the improper digestion and fat

metabolism in this disease the drugs which correct
this problem were being selected here. By the act of
Agnideepan and srotosodhan this combination

corrects the sang5 or Margaawaran janya
samprapti. Vyosh (trikatu) has Ushna virya
propertices that’s way it works as Kaphahar,

Medohar and agni deepan.6

Arogyavridhani vati is broad spectrum
ayurveda drug. But here it is worked as

medodoshhar.7

Triphala has Kaphanashak, deepaniya and
Agnimandhya nashak propertices.8

Punarnava mandoor has trivrut, trikatu,

chitrak, chavya, danti, gomutra, Panchkola etc..
ushna dravya component. That’s way it work as
medohar.9 Panchasakar churna works as Anuloman

and vibandhnashak.10

Guggulu has Laghu, ruksha, tikshna and
tridosh shamaka properties and also well known as

medohara drug.11

Conclusion:-

In this study it’s proved that Deepan –

Pachan, purgative, hepato protective, along with
Medhohar Drugs corrects the digestion and improve
the fat metabolism. If a person follows the proper

routine along with these medicines it might be good
for such cases (Hypercholesterolemia) with nil/
negligible side effects.
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Abstract

Background: In the present times, Liver Cirrhosis is one of the most difficult diseases to treat.
Ascites is the most common complication of liver cirrhosis. The modern treatment provides relief but the
chances of recurrence are high as the liver parenchyma shows marked changes. Cirrhosis can be taken as

Yakritdalyudar & Ascites has been mentioned as Jalodara in Ayurveda with specific line of treatment.

Case: A 49 year old male, with cirrhosis of live, massive ascites & bilateral pedal edema since 2
years came to the OPD of SSBH, Jaipur. The patient was a known Diabetic since 4 years, with no h/o HTN.

He was started on Maarkandeyadi Hima and was advised to follow a restricted dietary pattern.

Results: The patient responded well to Ayurvedic line of treatment, with his abdominal girth being
reduced, pedal edema gone and improvement in his liver functions. Also, his last USG report showed

“Homogenous Liver Parenchyma’ & “No evidence of Ascites” after 6 months of treatment with Ayurveda.

Keywords: Yakritdalyudara, Jalodara, Liver Cirrhosis, Ascites, Virechana.

‚Ê⁄Ê¢≥Ê—

flÃ¸◊ÊŸ ‚◊ÿ ◊¥ ÿ∑Î§Ã Áfl∑§Ê⁄Ù¥ ◊¥ ÿ∑Î§àŒÊÀÿÈº⁄ √ÿÊÁœ •‚Êäÿ ⁄ÙªÙ¥ ◊¥ ‚ „Ò– ß‚Ë ⁄Ùª ∑‘ ©¬Œ˝fl SflM§¬ ¡‹Ùº⁄
√ÿÊÁœ ∑§Ë ©à¬ÁûÊ „ÙÃË „Ò ∞fl¢ ÿ„ ∞∑§ ¡Á≈‹ √ÿÊÁœ ∑‘ M§¬ ◊ √ÿQ§ „ÙÃÊ „Ò– •ÊœÈÁŸ∑§ ÁøÁ∑§à‚Ê ¬hÁÃ ◊¥ ß‚∑§Ê ‚ËÁ◊Ã
©¬øÊ⁄ „Ò ∞fl¢ ß‚ √ÿÊÁœ ∑§Ê ’Ê⁄-’Ê⁄ ¬ÈŸ⁄ÊflÃ¸Ÿ „Ù∑§⁄ •‚Êäÿàfl ∑§Ù ¬˝Ê# „ÙÃÊ „Ò– ÃÕÊ ⁄ÙªË ∑§Ë ◊ÎàÿÈ ‚ÈÁŸÁpÃ „ÙÃË „Ò–
•ÊÿÈfl¸º ÁøÁ∑§à‚Ê ∑§ mÊ⁄Ê ß‚ √ÿÊÁœ ∑§Ê ©¬øÊ⁄ Á∑§ÿÊ ¡Ê ‚∑§ÃÊ „Ò–

¬̋∑§⁄áÊ— ∞∑§ 49 ‚Ê‹ ∑§Ê ¬ÈL§·, ÿ∑Î§ÃÊÀÿÈº⁄ ∞fl¢ ¡‹Ùº⁄ ÃÕÊ ¬Êº≥ÊÙÕ ∑§ ‚ÊÕ ∞‚.∞‚.’Ë.∞ø., ¡ÿ¬È⁄ ∑§ ’Á„⁄¢ª
Áfl÷Êª ◊¥ ¬˝SÃÈÃ „È•Ê– ⁄ÙªË ∑§Ù 4 ‚Ê‹ ‚ ◊œÈ◊„ ∑§Ë Á≥Ê∑§ÊÿÃ ÷Ë ÕË, Á¡‚∑‘ Á‹ÿ fl„ •ÊœÈÁŸ∑§ ©¬øÊ⁄ ‹ ⁄„Ê ÕÊ– ⁄ÙªË
∑§Ù ©ìÊ⁄Q§øÊ¬ ∑§Ê ßÁÃ„Ê‚ Ÿ„Ë¥ ÕÊ– ⁄ÙªË ∑§Ù ◊Ê∑¸§á«˜UÿÊÁº Á„◊ ∑‘ mÊ⁄Ê •ÊÿÈfl¸Áº∑§ ©¬øÊ⁄ •Ê⁄ê÷ Á∑§ÿÊ ªÿÊ ÃÕÊ ©¬øÊ⁄
∑‘ ºı⁄ÊŸ ¬âÿÊ„Ê⁄ ¬⁄ ⁄πÊ ªÿÊ–

¬Á⁄áÊÊ◊— ⁄ÙªË ∑§Ù •ÊÿÈfl¸Áº∑§ ÁøÁ∑§à‚Ê ‚ ÿ∑Î§ÃÊÀÿÈº⁄, ©º⁄flÎÁh ∞fl¢ ¬Êº≥ÊÙÕ ◊¥ ∑§Ê»§Ë ‹Ê÷ „È•Ê– ⁄ÙªË ∑‘
¬˝ÿÙª≥ÊÊ‹Ëÿ ¬⁄ËˇÊáÊ ◊¥ ÷Ë ¬Á⁄flÃ¸Ÿ „È•Ê ÃÕÊ ÿ∑Î§Ã ∑§Êÿ¸ ÷Ë ‚Èœ⁄∑§⁄ ‚Ê◊Êãÿ „Ù ªÿÊ–

Case Study
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Introduction:

Liver is a very important organ of the body
performing a plethora of functions. It is continuously
being exposed to multitude of organisms and other

toxins; and so it is quite prone to many diseases1.
Alcohol is an important cause of Liver cirrhosis2.
Many obese patients have Non Alcoholic Fatty Liver

Disease (NAFLD) 3.Ascites is the filling of peritoneal
cavity with fluid. It mostly occurs as the
complication of cirrhosis, which may be due to

chronic alcohol abuse/hepatitis (viral/NASH)4. Most
of the cases coming for Ayurveda consultation are
pre-diagnosed as Cirrhosis of Liver & may or may not

be associated with Ascites, which mostly are of grade
2 or 3(massive ascites). Development of Ascites
makes the process worse and is associated with

increased mortality in the patient3.

Ayurveda says that all the diseases are due
to “Mandagni” especially the Udara Roga5. Liver

Cirrhosis can be taken as Yakritdalyudar & Ascites
can be compared to Udakodar/Jalodara in
Ayurveda. The chronic usage of etiological factors

causes the vitiation of Rakta & Kapha, which get
localised in the Dakshina-Parshava and lead to
Yakritdalyudar6. Also, this localisation of Dosha

further causes obstruction in Sweda&Ambuvaha
Srotas7. This obstruction pushes the Ambu out of its
place i.e. Vimargagamana of the Ambu and hence

Jalodaraensues.

Acharya Charaka says that all the
Udararoga, if left untreated, lead to Jalodara.The

management of Udara Roga involves Nitya
Virechan8 (daily purgation), and drugs should have
Deepan, Kaphnasaka9, Balprapti, Balsthirita, and

Yakrut Uttejaka properties. As the incidence of
Yakritdalyaudar & Jalodara is increasing due to
multitude of reasons, it is pertinent to evaluate the

role of relief provided by Ayurvedic therapy in the
disease.

Case Report:

Name: XYZ

Age: 49 yrs.

Present complaints:

Patient came with complaints of distension of

abdomen, b/l pedal edema, anorexia, generalised
weakness, dyspnoea, orthopnoea, but denied having
nausea or vomiting or diarrhoea.

History of present illness:

Patient was apparently Normal before 1&1/2
yr. Then he gradually developed distension of

abdomen. He showed tomany doctors and was
diagnosed as having Bloating due to excess Gas; and
so was treated accordingly. But the patient did not

get any relief even after showing to multiple doctors.
His abdomen kept increasing in size. One doctor
advised him for USG. The report showed Liver

Cirrhosis &Ascites. He was then treated accordingly
but got minimal relief. He then went to Ahmedabad
for treatment. There the doctor gave him injections

and he excreted nearly 5 – 8 lts of water as urine.
His weight and abdominal girth also reduced. He
came back to Jaipur. But after one month the

problem started to reappear once again. Patient took
Modern Treatment once more but with no relief.He
was advised to try Ayurveda by his relatives. And

so with the above present complaints came to OPD
of SSBH, Kishanpol, Jaipur.

Past History:

K/c/o type 2 DM since 3&1/2 year, on
medication.

No h/o HTN or Thyroid disorder or Trauma

or RTA.

Occupation:

Share market, used to work in Dubai. Now

A Case Report: Management of Yakritdalyaudar (Cirrhosis of
Liver) & Jalodar (Ascites)
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worked from home but found it difficult to
concentrate on work.

Personal history:

No h/o smoking or alcohol intake. Habit to
take tea 4 times a day; vegetarian, sedentary

lifestyle.

Family history:

One sister, alive & healthy. Father is alive.

Mother and brother are expired, they had type 2 DM.
Sister has type 2DM. Patient has 2 girls and a son.
None of them has DM. spouse is alive and healthy.

On examination:

PR: 90/min, BP: 130/80 mmhg, RR: 20/min

Pallor: present

Edema: b/l pedal edema present

Weight: 96 kg, Height: 165cm

RS: lung fields clear.

CVS: S1, S2 heard,no murmurs.

CNS: Patient conscious, well oriented, remembers the
events very clearly.

P/A: abdomen distended and painful, fluid thrill

present, shifting dullness present, umbilicus everted,
and skin over abdomen is glossy.

Treatment plan:

Markandyadi Hima [Katuki(2g) +
Manjishtha(2g) + Sanaya(2g) + Pinda Khajura (5 in
no)]; with 100 ml of Siddharka (Punarnava, Makoya,

Kasani, Sounf & Manjishtha Arka); boiled once and
taken warm. This is done every day, twice daily, in
the morning& evening.

Patient was advised to abstain from salt diet.
Patient was put only on cow’s milk during the
treatment period.

Observation & Result:

Table No. I - Investigations: Before & After treatment

Test Before treatment After treatment

Hb % 9.8 1 2

WBC 6500/cumm 6200cumm

Platelet 1,82000 1,86000

Urine Analysis Albumin trace, Albumin absent,

Pus cells – 3-4 hpf Pus cells absent.

RFT S. Creatinine = 1.4mg/dl S. Creatinine = 0.9 mg/dl

LFT SGOT = 54, SGPT = 86 SGOT = 30   , SGPT = 39

T. Bilirubin = 6.97 mg/dl, T. Bilirubin = 1.2 mg/dl,
Direct Bilirubin = 5.39 mg/dl, Direct Bilirubin = 0.76 mg/dl,

Indirect Bilirubin = 1.58 mg/dl Indirect Bilirubin = 0.45 mg/dl

USG Abdomen Massive Ascites with hepatomegaly No Ascites. Homogenous Liver
(liver parenchyma isheterogenic in Parenchyma, Portal Vein & CBD

texture) and mild splenomegaly; Portal Normal in Diameter. Mild

Vein & CBD Dilated. Mild pleural effusion. Splenomegaly. Mild pleural effusion.

Table No. II - Abdominal Girth Assessment

Before treatment (in cm) After completion of Treatment (in cm)

1 1 0 90
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Table No. III - Weight assessment

Before treatment (in kg) After completion of Treatment (in kg)

96 83

Patient also got relief from his symptoms,
leads an active life now, and has included 5 km of
morning walk daily to his routine.

Discussion:

The treatment involves fluid elimination from
peritoneal cavity and simultaneously stopping the

process of fluid formation along with recovery of
liver cells.In Ayurveda, Nitya Virechana8 has been
advised as the line of treatment in Udara Roga. The

Ayurvedic Drugs selected for this case were chosen

with the aim to improve the function of liver, protect
hepatocytes from damage, to reduce fibrosis and to
reduce the abdominal distension. These drugs

improved the functioning of epithelial lining of the
vessels, caused Virechana, thereby breaking the
pathogenesis of the disease. These drugs also

removed the derangement from the Ambuvaha
Srotas, leading to its proper functioning and hence
an improvement in the patient’s condition.

Table No. IV

S.No. Drug Properties

1 . Katuki Bhedniya& lekhniya10, Kaphahara, Potent liver stimulant

2. Manjishtha Vishahara, Shothahara, Kaphahara11, Rakta shodhaka12.

3. Markandika (Sanay) Urdhwa-Adhahkayashodhini, Vishahara, Gulma& Udarahara13

4. PindaKhajura Kshata-Kshayahara, Rakta-Pittahara, Tarpana14

5. Punarnava Shothahara, Dipan, Gara& Vishahara13

6. Makoya Shothahara, Rasayana14

7 . Kasani Potent Hepato-protective action15

8. Sounf Agnimandhyahara, Ushna, Pachani, Shleshma-Vatahara14

Conclusion:

Yakritdalyudara (Liver Cirrhosis) & Jalodara

(Ascites) is becoming more frequent now a day due
to sedentary lifestyle and intake of more fatty foods.
Its management is challenging because it presents

itself mostly as the complication of Liver cirrhosis.
The pathological factors which cause Udara Vyadhi
are aggravated Dosha and reduced condition of Agni.

Virechana is a unique treatment mentioned for
Udara Roga. Removing the Dosha specifically Pitta-
Kapha, reducing the Yakrit Dushti and improving its

function are the main targets of the treatment. By
adopting this line of treatment there was significant
improvement in the condition of the patient, which

is evident by changes in the lab findings (Table 1) as
well as by the reduction of abdominal girth and

complete remission of pedal edema. Ayurveda can
play a very important role in the management of
Yakritdalyudara & Jalodara and further studies to

systematically analyse its efficacy & mode of action
in Yakritdalyudara & Jalodara are needed.
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Abstract-

Sciatica is defined as the pain in the distribution of Sciatic nerve or its component nerve roots. In
this hectic life sciatic pain is a very common disorder that hampers people from doing their routine activities.

Most of people suffering from this complain about moderate to severe pain in buttock region which then
radiate to thigh, calf and down to the foot even toes. The main cause of Sciatica can be a herniated or slipped
disc, spinal stenosis, spondylolisthesis. In modern medicine there are conservative and surgical treatments

on Sciatica but with limitations. Classics of Ayurveda have references related sciatica, according to Ayurveda
signs and symptoms of sciatica are much similar to Gradhrasi Vataroga. Ayurveda provides a range of
treatments for Gradhrasi, especially from Panchakarma, like external application of Snehana and Svedana

in the form of Kati Basti, PatrapindaSveda and internal administration like Basti Karma to correct the Vata
Dosha and to nourish the Asthi Dhatu. Keeping this in view a female patient-presenting with clinical features
of sciatica and MRI findings suggesting of disc bulge and protrusion at the level of lumbar vertebrae was

given Panchakarma treatment. The patient was treated with classical treatments like Kati Basti, Patrapinda
Sveda and Erandmuladi Kala Basti with certain conventional oral medication. The patient markedly recovered
and able to do her routine activities.
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‚Ê⁄UÊ¥‡Ê-

‚Êß¸Á≈∑§Ê ∑§Ù ‚Êß¸Á≈∑§Ê Ã¢ÁG∑§Ê fl ©‚∑‘ ÉÊ≈∑§ Ã¢ÁG∑§Ëÿ ÁflÃ⁄áÊ ◊¥ „ÙŸ flÊ‹ ≥ÊÍ‹ ∑‘ L§¬ ◊ ¬Á⁄÷ÊÁ·Ã Á∑§ÿÊ ªÿÊ
„Ò– ß‚ √ÿSÃ ¡ËflŸ ◊ ‚Êß¸Á≈∑§Ê ∞∑§ ’„ÈÃ ‚Ê◊Êãÿ Áfl∑§Ê⁄ „Ò ¡Ù ‹ÙªÙ ∑§Ù ÁŸÿ◊ËÃ ºÒÁŸ∑§ ∑§ÊÿÙ¸ ◊¥ √ÿ√œÊŸ ©à¬ÛÊ ∑§⁄ÃÊ
„Ò– ß‚‚ ¬ËÁ«UÃ •Áœ∑§Ê≥Ê¢ ‹Ùª ÁŸ¢Ã’ ¬˝º≥Ê ‚ ¡ÊÉÊ Á¬á«UÁ‹ÿÙ •ÊÒ⁄ ŸËø ¬Ò⁄ ∑§Ë Ã⁄»§ ◊äÿ◊ ‚ ª¢÷Ë⁄ ≥ÊÍ‹ ‚ ª˝Á‚Ã
⁄„Ã „Ò– ‚Êß¸Á≈∑§Ê ∑§Ê ◊ÈÅÿ ∑§Ê⁄áÊ „ÁŸ¸ÿÁ≈«UÿÊ ÁS‹¬Á«US∑§, S¬Êß¸Ÿ‹S≈ŸÙÁ‚‚, S¬ÊÁã«U‹ÙÁ‹SÕËÁ‚‚ •ÊÁº „Ù ‚∑§ÃÊ „Ò– •ÊœÈÁŸ∑§
ÁøÁ∑§à‚Ê ◊¥ ß‚∑§Ê ©¬øÊ⁄ ‚ËÁ◊Ã „Ò– •ÊÿÈfl¸º ◊ flÁáÊ¸Ã ªÎœ˝‚Ë flÊÃ⁄Ùª ‹ˇÊáÊÙ ∑‘ •ÊœÊ⁄ ¬⁄ ‚Êß¸Á≈∑§Ê ‚ ‚◊ÊŸÃÊ ⁄πÃÊ „Ò–
•ÊÿÈfl¸º ≥ÊÊù ◊¥ ªÎœ˝‚Ë ∑§Ë ÁøÁ∑§à‚Ê „ÃÈ Áfl≥Ê·L§¬ ‚ ¬¢ø∑§◊¸ ◊¥ ∑§Á≈’ÁSÃ, ¬GÁ¬á«USflº, ’ÁSÃÁøÁ∑§à‚Ê •ÊÁº flÁáÊ¸Ã „Ò–
ß‚ ≥ÊÙœ ∑§Êÿ¸ ◊ ªÎœ˝‚Ë ‚ ¬ËÁ«UÃ ◊Á„‹Ê ⁄ÙªË ∑§Ë ¬¢ø∑§◊¸ mÊ⁄Ê ÁøÁ∑§à‚Ê ∑§Ë ªß¸ Á¡‚◊ ¬˝Ê÷ÊflË ‚ÈœÊ⁄ „È•Ê–
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Introduction-

Sciatica is aterm that describes symptoms of

pain, numbness, and weakness that radiate along the
sciatic nerve through the hip to the back of the thigh
and down the inside of the leg. Sciatic can be

occurred suddenly or it can be occurred gradually.
The pain can be associated with numbness, burning
sensation and tingling sensation. It is more accurate

termed as lumbar rediculopathy. People suffer from
sciatica as a result of ‘pinched nerve’ affecting one
or more of the spinal nerves1. The causes of sciatica

can be herniated disc or slipped disc, spinal stenosis,
spondylolisthesis.

Sciatica prevalence from different studies
ranged from 1.2% to 43%2. Although low back pain
is a common condition that affects as many as 80-

90% of people during their lifetime, true sciatica
occurs in about 5% of cases. Sciatica is more
common between 30 to 50 years of age.3

This condition can be clinically correlated to
Gridhrasi described in Ayurveda. It is described as
one of the Vata Vyadhi characterized with radiating

pain from hip to thigh, knee, calf and feet in order,
associated with stiffness and difficulty in movement
and numbness.4

The present day management includes
administration of anti inflammatory analgesics,

Effect of Kati Basti, Patra Pinda Sveda and Bastikarma In The
Management of Gridhrasi (w.s.r To Sciatica)

-A Case Study
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surgical correction and physiotherapy each of them

is having its own limitations. On the other side
Ayurveda looks into the correction of basic
pathology particularly through Panchakarma, like

external application of Snehana and Svedana in the
form of Kati Basti, Patrapinda Sveda and internal
administration like Basti Karma to correct the Vata

Dosha and to nourish the Asthi Dhatu.

Case Report:

A female patient aged 43 years presented

with the complaint ofPain and stiffness in back
region, radiating pain, and parasthesia in both lower
limb, difficulty in walking and sitting and changing

the posture since 6 months.Before 06 months she
was quite well,acute onset due to heavy weight
shifting.Patient took allopathic treatment like

analgesic, anti-inflammatory etc. and got temporary
relief. Now again she is suffering with same
complains.

Observations:-

Subjective Criteria-Pain, Parasthesia,
Stiffness, Posture

Objective Criteria-Walking time, Walking
distance, SLR, Lasegue’s sign

Table No. I

Subjective criteria Gradation Objective criteria Gradation

Pain (VAS) 8cm Walking time Took around five minutes

to walk 100 steps

Parasthesia 4 Walking distance severe pain after walking
(Serious problem) 100 mts.

Stiffness 5(A great deal) SLR Rt-30 degree,Lt-60 degree

Posture Difficulty in changing Lasegue’s sign Positive
the posture

MRI findings Disc protrusionL3-L4,L4-L5,L5-S1.
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Symptoms: - Pain and stiffness in back
region, radiating pain, and parasthesia in both lower

limb, difficulty in walking and sitting and changing
the posture since 6 months.

Ø Gait: - Slow.

Ø Prakriti: - Vata-Pitta.

Ø Vaya: -Madhayama

Ø Bala: - Madhyama

Ø Agni: - - Madhyama

Ø Koshta: - Madhyama

Treatment given:

Kati Basti: - The procedure of applying heat
to the sacral or lumbar region by retaining warm
medicated oil with in a specially formed frame on

this area is known as Kati Basti. It is indicated in
painful condition of low back region.5 The procedure
was done with Dashmoolam Tailam for 30 minutes

for duration of 14 days.

Patra Pinda Pottali Sveda:- Application
of heat and there by inducing perspiration by using

heated pack of specified herbal leaves is known as
Patra Pinda Sveda. It is efficacious in painful clinical
condition where vitiation of Vata Dosha is

predominant.6

The procedure was done with leaves of
Nirgundi and Eranda along with Ajamoda 50gms,

Rasona 10-15 pieces, lemon and Dashmoola Taila for
30 minutes for duration of 14 days.

Basti Karma:-

Niruha Basti: - The composition of the
medicine administered in the form of Basti contains
Kwath (herbal decoction), Sneha (medicated oil),

Madhu (Honey), Saindhava Lavana (rocksalt) and
Kalka (herbal powder).7

Erandamuladi Niruha Basti was given in

Karma Basti schedule (30 days) with the following
contents.

Madhu -60gms

Saindhavalavana -05 gms

Guggulutiktaka ghrita-90ml

Shatapushpa Kalka -30gms

Erandamuladikwatha -240 ml

The contents of Kwatha are Erandamula,
Palasha, Laghu Pancha Mula, Rasna, Ashwagandha,
Atibala, Guduchi, Punarnava, Aragwadha,

Devadaru, Madanaphala

AnuvasanaBasti:-Administration of
medicated oil or other fat through the rectal route

in a prescribed dose is called as Anuvasana Basti.
In this case study DashmoolaTaila was used for
AnuvasanaBasti.

Shamana Aushadi: - Palliative treatment
with

Yograja Guggulu - 2 pills (500 mgm) three times a

day

Rasna Saptaka Kwath – 40ml + Dashmool Kwath –
40ml two times a day

Ashwagandha Churna - 3gms + Chopchini - 500mg
three times a day

Ajamodadi Churna - 3gms three times a day.

Nagaradya Vati 1 pill three times a day

Ksheerabala 101 times Avartita -10 drops with milk
two times a day.

Panchasakara Churna - 5gms at bed time.

The results observed after the treatment were:
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Subjective criteria Gradation Objective criteria Gradation

Pain 2cm Walking time Took three minutes to

walk 100 steps.

Parasthesia 2 (Minor problem) Walking distance walk without pain about 200 mts

Stiffness 3(Mild amount) SLR Rt-60 degree,Lt-80degree

posture Markedly improved Lasegue’s sign Positive

MRI findings No significant change

Discussion-

Acharya Charak describes Basti as a
treatment for Gradhrasi.8 Pain is mainly produced by
Vataprakopaand Bastiis best treatment for Vata

“BastiVataharanam”.9 Basti is the best treatment for
correcting Vata Dosha, further Erandamuladi Niruha
Basti was selected here as it is specifically mentioned

for the treatment of Jangha, Uru, Pada, Trika,
Prushta, Shoola.10

By virtue of the drugs of Erandamuladi

Niruha Basti the Avarana of Vata may be reduced
in turn makes the free movement of Vata 10 which
may be reason for reduction in pain, numbness etc.
and improvement in gait. Basti and Ksheerand Ghrita

Siddha with Tikta Rasa should be given in
Asthipradosaja Vyadhi.11

Especially Guggulu Tiktaka Ghritam used as

Sneha in Basti is specifically mentioned for Asthi
Sandhigata Vikara due to its Tikta Rasa helps to
reach Asthi Sandhi and corrects the degeneration

that took place at the level of disc by virtue of
Snigdhaguna and Balya and Brimhana action.

Kati Basti is a combination of Snehana and

Svedana which is the first line of treatment for Vata
Dosha.12,13 The Dashmulataila is Vata kaphasamaka
and Snehana in nature helps to overcome the

accumulation of Vata at the site of pathology and
may nourish the underlying tissue.

Patrapinda Pottali Sveda: - This is a kind

of Snigdha Sveda which was done over the back and
in the limbs helps to regulate the movement of Vata
and sooth the irritated nerve resulting in relief in

complains of pain, numbness, tingling sensation etc.

Shamana drugs: - Mainly Amapachana,
Shothahara, reduces the Shotha and Avartita
Ksheera Bala Taila is Brimhana and Vatahara might

have helped to overcome degeneration of disc and
Vata Prakopa.

Conclusion:-

 On the basis of this single case study it can
be concluded that Panchakarma treatments like Kati
Basti, Patrapinda Sveda, Erandamuladi Niruha Basti

had been effective in the management of Gridhrasi
(Sciatica).
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Ayurvedic Approach in the Management of Avabahuka
(adhesive capsulitis stage 2) in a Diabetic patient with

Panchatiktaka  prasratika basti - A case report

*Dr. Suketha Kumari, **Dr. Laxmikant

Abstract:

Adhesive capsulitis often referred to as frozen shoulder, is one of the long term complication of
Diabetes mellitus which causes gradual loss of motion in shoulder. Frozen shoulder explained in classics as
Avabahuka, a disease that usually affects amsa sandhi (shoulder joint) produced by vitiated vata dosha.  52

years female patient, with diabetic history of 10 years came with the complaints of pain, stiffness and limited
range of motion in right shoulder joint which was diagnosed as frozen shoulder. To manage this, an attempt
has been made with Panchatikta prasratika basthi which is indicated in madhumeha and vatavyadhi was

administered. There was marked percentage of improvement seen in clinical features i.e pain (80% relief),
stiffness (60% relief) and Range of motion (90%).  Hence, Panchatiktaka prasratika basthi is found to be
effective in the management of adhesive capsulitis (Frozen shoulder) in Diabetic patient.

Key words: Avabahuka, Adhesive capsulitis, Frozen shoulder, Panchatiktaka prasratika basthi, Amsa
sandhi.

‚Ê⁄Ê¢≥Ê-

•fl’Ê„È∑§ (∞«UÁ‚fl, ∑§¬‚È‹ÊßÁ≈U‚) ¬˝Êÿ— »˝§Ê¡Ÿ ‡ÊÊÀ«U⁄U ∑§ ŸÊ◊ ‚ ¬˝Á‚h „Ò– ÿ„ ◊œÈ◊„ √ÿÊÁœ ∑§ ©¬Œ˝fl ∑§
M§¬ ◊¥ flÁáÊ¸Ã „Ò Á¡‚◊¥ œË⁄U-œË⁄U •¥‚ ‚¥Áœ (∑¥§œ) ∑§Ë ªÁÃ ∑§Ê OÊ‚ „Ê ¡ÊÃÊ „Ò– ÿ„ √ÿÊÁœ flÊÃ ŒÊ· ∑§ ¬˝∑§Ê¬ ‚ „ÊÃÊ
„Ò–

∞∑§ 52 fl·Ë¸ÿ ◊Á„‹Ê ¡Ê Á∑§ Á¬¿U‹ 10 ‚Ê‹ ◊¥ ◊œÈ◊„ ‚ ¬ËÁ«∏Ã ÕË– ∑¥§œ ◊¥ ŒŒ¸, Áπ¥øÊfl •ÊÒ⁄U ŒÊ¥ÿ ∑¥§œ ∑§Ë
ªÁÃ ◊¥ OÊ‚ ∑§ ‹ˇÊáÊÊ¥ ∑§ ‚ÊÕ •Êß¸– ß‚∑§Ë ÁøÁ∑§à‚Ê ∑§ Á‹∞ ¬¥øÁÃÄÃ ¬˝Ê‚ÎÃ ’ÁSÃ, ¡Ê Á∑§ ◊œÈ◊„ •ÊÒ⁄U flÊÃ √ÿÊÁœ ◊¥
ÁŸŒ¸Á‡ÊÃ „Ò ⁄UÊªË ◊Á„‹Ê ∑§Ê ŒË ªß¸– ’ÁSÃ ÁøÁ∑§à‚Ê ∑§ ’ÊŒ ©‚∑§ ‹ˇÊáÊÊ¥ ◊¥ 80 ¬˝ÁÃ‡ÊÃ ŒŒ¸ ◊¥ •Ê⁄UÊ◊ „È•Ê, Áπ¥øÊfl ∑§
’ÊŒ ©‚∑§ ‹ˇÊáÊÊ¥ ◊¥ 80 ¬˝ÁÃ‡ÊÃ ŒŒ¸ ◊¥ •Ê⁄UÊ◊ „È•Ê, Áπ¥øÊfl ◊¥ 60 ¬˝ÁÃ‡ÊÃ •Ê⁄UÊ◊ „È•Ê •ÊÒ⁄U ªÁÃ ◊¥ 90 ¬˝ÁÃ‡ÊÃ •Ê⁄UÊ◊
„È•Ê– •Ã— ¬¥øÁÃÄÃ ¬˝Ê‚ÎÃ ’ÁSÃ •fl’Ê„È∑§ (»˝§Ê¡Ÿ ‡ÊÊÀ«U⁄U) ∑§Ë ÁøÁ∑§à‚Ê ◊¥ ¬˝÷ÊflË Á‚h „Èß¸–
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Introduction

Long term complications of Diabetes mellitus
may include changes in connective tissue that occur

as a result of high glucose levels. Adhesive capsulitis,
often referred to as frozen shoulder refers to a
pathological condition of the shoulder joint which

causes a gradual loss of motion usually in just one
shoulder. Adhesive capsulitis has a prevalence of 2%
in the general population, but is reported to occur

in 10 to 29% of those with Diabetes. Studies have
shown that it is caused by glycosylation of the
collagen within the shoulder joint triggered by the

presence of high blood sugars. There are 4 stages of
adhesive capsulitis, Stage 1 called as initial stage  has
a duration of 3 months with pain and reduced range
of motion(ROM) and person can no longer do things

like comb their hair or reach a shelf above their
shoulder etc. Stage 2 called the Freezing Stage, which
lasts from 3 to 9 months, presents itself with chronic

pain and further reduced ROM. This stage moves
from the inflammatory stage to the fibrotic process.
X-rays reveal decreased joint space. Stage 3 (Frozen

Stage) has a duration from 9 to 14 months with
minimal pain, but a significantly limited range of
motion in the shoulder.  Stage 4 (Thawing Stage) is

from 15 to 24 months and shows minimal pain and
progressive improvement in ROM. At this stage the
pain and active fibroplasia in the shoulder have

completely subsided. Avabahuka is considered to be
a disease that usually affects the shoulder joint
(amsa sandhi) and is produced by the Vata dosha1.

Madhumeha patient due to more  indulging in katu,
tikta, kashaya rasa predominenet aharas  and
viharaja nidanas like inactivities (Asyasukha), day

sleep(Swapna sukha ), Avyayama (not indulging in
any exercises) etc leads to vitiation of Vata. There
are two types of samprapti manifest in Madhumeha

i. e Avarana and Dhatu Kshaya. In Avaranaja
samprapti, there is Avarana to vata by Pitta and
Kapha leading to laxanas like Shoola (pain), Chesta

Sanga (restricted movement) and sthirata (stiffness)
etc. Due to Avarana, Medodatvagnimandyata takes

place. Avarana hampers the nutrition to later dhatus
leads to dhatu kshaya causing Vataprakopa, hence
there will be development of angashosha (Wasting),

dourbalya (weakness) etc symptoms of Dhatukshaya

Treatment goals in contemporary science are
to lessen pain and inflammation by use of

nonsteroidal anti-inflammatory drugs (NSAID) like
aspirin.  These NSAIDs have some common side
effects like Stomach pain, heart burn liver and kidney

problems etc. Early detection, proper staging, and
appropriate treatment can allow the patient with
diabetes to avoid the painful and disabling

consequences of Adhesive Capsulitis. Ayurveda
recommends various treatment modalities which act
at   root cause of the disease and prevent from
further recurrence. The general line of treatment

mentioned for vatavyadhi in Ayurvedic classics
include Snehana (both internal and external),
Swedana, Mrudusamshodhana, Basti, Sirobasti,

Nasya, and so on.

A Female patient with diabetic history of 10
years visited to madhumeha OPD of KLEs BM

Kankanawadi Ayurveda hospital, Belagvi, Karnataka
had complaints of pain, stiffness and restricted
movement in right shoulder joint for a duration of 6

months, which was diagnosed as  Avabahuka. Basthi
treatment which was said to be best in Vataja
disorders i.e Panchatiktaka prasratika Basti, which

had indication in madhumeha been planned. Hence,
an attempt has been made in this article to enlighten
the management of Avabahuka in Ayurveda.

Discussion

History and Examination

A female patient name XYZ ,aged about 52

years  from Upper middle class with occupation as

Ayurvedic Approach in the Management of Avabahuka
(adhesive capsulitis stage 2) in a Diabetic patient with

Panchatiktaka  prasratika basti - A case report

Dr. Suketha Kumari, Dr. Laxmikant

Case Study
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homemaker from Belagavi, Karanataka admitted in
KLEs BMK ayurveda hospital Belagavi on 8/2/17

with OPD no and IPD no as 345 /17,22 respectively,
had chief complaints of pain in the right shoulder
joint since 5 months, painful and difficult to raise the

hand above shoulder since 4 months ,stiffness of
shoulder joint since 5 months. Associated complaints
as muscle weakness since 2 months, burning feet on

and off since 4 years. Patient had history of diabetes
mellitus since 10 years on medication (Metformin
500 mg once daily). Patient was not a known case

of hypertension or no any history of chronic illness.

Details of the cardinal features

Pain

Onset: Sudden

Site: Right shoulder joint

Type of pain: Shooting, sometimes pricking type

Radiation: no radiation

Restricted movement

Onset: Gradual

Site: Right shoulder joint

Type of pain: Shooting, sometimes pricking type

Range of movement:

Flexion- not possible

Extension-not possible

Raising the hand above shoulder –not

possible

Aggravating and relieving factors:
Nothing specific

Burning extremities

Site –lower extremities

Distribution – bilateral symmetrical

Onset – gradual

Progression - progressive in nature,

Diurnal variation- worsens in nig

Aggravating and relieving factors:

Nothing specific

Table No. I : Assessment parameters of cardinal manifestation of Avabahuka

Pain Points Stiffness Points Burning feet Points

No pain 0 No stiffness 0 No 0

Mild pain ,particularly 1 Mild stiffness, during Mild/occasional 1

on moving the movement, able to 1

shoulder, do work

Moderate pain –on 2 Moderate, stiffness at 2 Moderate/continuous 2

movement and rest movement and rest, at rest

interfere routine work interfere with routine

work

Sever pain - pain felt 3 Severe- stiffness at 3 Severe/disturbs 3
on movement, also at rest, no movement sleep
rest, disturbing sleep,

unable to carry out
most of the routine
work
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Table No. II :  Assessment parameters of cardinal manifestation of Avabahuka

ROM Points

Flexion No- 0-180 0

Mild- 0-135 1

Moderate-0-90 2

Severe- 0-45 3

Extension No- 60 0

Mild-45 1

Moderate-30 2

Severe-0 to 10 3

Abduction Possible 0

Adduction Not possible 1

Total points (SUM): 31

Investigations- FBS

PPBS

Discussion on Treatment

From   8/2/17 to 24/2/17

A course of basti (in Kala basti patten i.e for 15
days)

Panchatikta prasratika basti2

Anuvasana basthi with Moorchita ghrita 90 ml

Niruha basti

Makshika 30 ml

Saindava 5 grams

Moorchita ghrita 90 ml

Sarshapa kalpa 30 grams

Patola, Nimba, Bhunimba, Rasna, Kiratatikta

churna 100 grams (Kwatha 350 ml)

After treatment, there was significant
improvement observed in clinical parameters.Overall

treatment showed marked percentage of
improvement i.e 90% of improvement observed in
pain and stiffness and 100% improvement observed

in Restricted movement.

Table no: III : Assessment of clinical parameters after treatment (Sum points)

Total points (Before treatment) Total points (After treatment)

28 8

FBS(BT) FBS(AT)

230 mg/dl 152 mg/dl

PPBS(BT) PPBS(AT)

405mg/dl 278mg/dl
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Discussion on Results

Madhumeha  patient due to  indulgence  in

various etiological factors such as intake of Ruksha
(dry), Laghu (light), Kashaya (Astringent), Tikta
(bitter) Ahara (food articles), indulging in viharas

like excessive fasting, day sleep, excessive walking,
injury etc, Manasika Nidanas like Bhaya (worries)
Krodha (anger), Mada (intoxication) chinta (worries)

etc. leads to the accumulation of the Vata Dosha in
the amsapradesha and cause the shoshana of the
amsabandhan or siraakunchana, which in turn leads

to manifestation of kevala vataja  Avabahuka3

Further kshaya of the dhatu causes the prakopa of
the vata and then leads to the amsa shosha.4 This

unique pathology is described as dhatukshayaja
Avabahuka. Sula and sosha at the shoulder joint in
patients suffering from Avabahuka indicates the

morbidity of vyana vayu. This is true in case of
dhatukshayaja and swanidanaja Avabahuka.
Impairement of Bahupraspanda is one of the

cardinal features in Avabahuka and this affects
Utkshepana, Apakshepana, Prasarana and
Akunchana etc activities of the shoulder joint. These

are the activities that are attributed to Vyana Vayu.5

Hence it is evident that out of five types of Vata,
morbid Vyana Vayu is the primary cause of the

disease in kevala and swanidanajanya Avabahuka.
In kevala vataja and Dhatukshayaja Avabahuka,
the samanya Vataja chikitsa like snehana, Swedana,

Abhyanga, Basti, etc. are the choice of treatment. As
mulasthana of Vata is pakwashaya6. It is said that
Basti is very helpful in pacifying Vata7, Among

Niruha Basti, Erandamuladi Niruha and
Dashamuladi Niruha are the best choices.
Anuvasana Basti using Vatahara Taila like Bala

Taila, Kshirabala Taila etc., is beneficial in
dhatukshayajanya and swanidanajanya
Avabahuka.8 In this case, Avahahuka in a

madhumeha patient was treated with panchatiktaka
prasratika basthi which had indication in both
madhumeha and vatavyadhi  had given beneficial

affect without causing side effects.

Conclusion

Avabhahuka (Frozen shoulder)  is one of the

commonly encountered problem with Madhumeha
(diabetic) patients, where morbid Vata dosha is the
prime reason. This morbidity happen due to

dhatuksaya. Morbid vata dosa invariably involves
the sira, snayu, kandara, mamsa and asthi dhatu at

the shoulder joint. Restricted movements, Pain and
stiffness of the shoulder joint are the cardinal
features of Avabahuka. Amsa Shosha may manifest

during the later course of the illness. A course of
Kala basthi with panchatiktaka prasratika basthi is
found to be effective in the remission of the illness

in patients suffering from diabetes mellitus
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Management of jaundice with Ayurvedic medicine
– A Case Study

*Dr. Ekta, **Dr. Mahendra Prasad

Case Study

Abstract:

Liver is an important organ and performs a lot of functions regarding metabolism. Any problem in

liver and other organ that affects the normal functioning leads to disturbed homeostasis. Ayurveda is a
science which have the capability to revert the condition to maintain homeostasis without causing any harm
and overload on liver.

A twenty years old female patient has complaint of loss of appetite, pain in right upper
hypochondrium, nausea, fever and pale urine for 4 days. Investigations SGOT, SGPT, total serum bilirubin
direct and indirect, urea, creatinine, hemoglobin %, TLC, DLC, ESR, HB

s
Ag were done to diagnose  the specific

disease. On Physical examination icterus, tenderness in upper right hypochondrium was found. So on the
basis of physical and laboratory investigations jaundice was diagnosed. The case was treated with jwarahara
kashaya, Kutakivati, Mulethi Churna, Aamlaki churna, Triphala Churna for 7 days. Significant relief was

found in sign (liver functions test as marker) and symptoms.

Key words: Jaundice, Hyperbilirubinemia, Pitta, Kamala.

‚Ê⁄Ê¢≥Ê-

ÿ∑Î§Ã ∞∑§ •àÿãÃ ◊„àfl¬ÍáÊ¸ •¥ª „Ò ¡Ê Á∑§ øÿÊ¬øÿ ‚¥’ÁœÃ ’„ÈÃ ‚Ë Á∑˝§ÿÊ∞° ∑§⁄UÃÊ „Ò– ÿ∑Î§Ã ÿÊ Á∑§‚Ë •ãÿ
•¥ª ◊¥ ∑§Êß¸ Áfl∑§Ê⁄U/‚◊SÿÊ „Ê ÃÊ fl„ ‚Ê◊Êãÿ Á∑˝§ÿÊ•Ê¥ ∑§Ê ¬˝÷ÊÁflÃ ∑§⁄UÃÊ „Ò ÃÕÊ „ÊêÿÊS≈UÁ‚‚ ∑§Ê π⁄UÊ’ ∑§⁄U ŒÃÊ „Ò–
•ÊÿÈfl¸Œ ∞‚Ê ÁflôÊÊŸ „Ò ¡Ê ÿ„ ‚Ê◊âÿ¸ ⁄UπÃÊ „Ò Á∑§ Á’ŸÊ ÿ∑Î§Ã ∑§Ê ŸÈ∑§‚ÊŸ ¬„È°øÊÿ •ÊÒ⁄U ÿ∑Î§Ã ¬⁄U •Áœ∑§Ê⁄U  Á∑§ÿ Á’ŸÊ
Áfl∑Î§Ã „ÊêÿÊS≈UÁ‚‚ ∑§Ê ¬ÈŸ— SÕÊÁ¬Ã ∑§⁄U ‚∑§ÃÊ „Ò–

∞∑§ 20 fl·Ë¸ÿ ◊Á„‹Ê ⁄UÊªË ∑§Ê 4 ÁŒŸ ‚ ˇÊÈœÊŸÊ‡Ê, ŒÊÿ „Êß¬Ê∑§Êá«˛UËÿ◊ ◊¥ ŒŒ¸, ¡Ë Á◊ø‹ÊŸÊ, ífl⁄U ÃÕÊ ¬Ë‹Ê ◊ÍòÊ
•ÊŸ ∑§Ë Á‡Ê∑§ÊÿÃ ÕË– √ÿÊÁœ ¡Ê°ø „ÃÈ ∞‚.¡Ë.•Ê.≈UË, ∞‚.¡Ë.¬Ë.≈UË, «UË.∞‹.‚Ë., ß¸.∞‚.•Ê⁄U, ∞ø.’Ë.∞‚..∞¡Ë •ÊÁŒ ¬⁄UËˇÊáÊ
∑§⁄UflÊÿ ªÿ– ‡Ê⁄UËÁ⁄U∑§ ¬⁄UËˇÊáÊ ◊¥ ßÄ≈U⁄U‚, ŒÊÿ „Êß¸¬Ê∑§Êá«˛UËÿ◊ ◊¥ ≈Uá«U⁄ U’‚ ßàÿÊÁŒ Á∑§ÿ ªÿ– ©¬⁄UÊQ§ ¬⁄UËˇÊáÊ ∑§ •ÊœÊ⁄U
¬⁄U, ∑§Ê◊‹Ê ∑§Ê ÁŸŒÊŸ „È•Ê– ÃÕÊ ß‚ ÁSÕÁÃ ∑§Ê ífl⁄U ∑§·Êÿ, ∑È§≈U∑§Ë fl≈UË, ◊È‹∆UË øÍáÊ¸, •Ê◊‹∑§Ë øÍáÊ¸, ÁòÊ»§‹Ê øÍáÊ¸ mÊ⁄U
7 ÁŒŸ ◊¥ ÁøÁ∑§à‚Ê ∑§Ë ªÿË– ‹ˇÊáÊÊ¥ ◊¥ ‚ÊÕ¸∑§ ¬Á⁄UáÊÊ◊ (•Ê⁄UÊ◊) ¬˝ÊåÃ „È∞– (‹Ëfl⁄U »¥§Ä‡ÊŸ ≈US≈U ∑§Ê •ÊœÊ⁄U ◊ÊŸÃ „È∞)

*Ph.D. Scholar, P.G. Dept. of Swasthavritta, NIA, Jaipur, **Assistant Professor, Dept. of Sharir Kriya, NIA, Jaipur
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Introduction

Liver is a largest gland in the body. It is made
up of hepatocyte cells, kupffer cells, stellate cells and

other supporting structures. Hepatocytes perform
numerous functions like synthesis of essential serum
proteins, formation of bile, metabolism of glucose,

fat and protein, conjugation of upophilic compounds
for excretion in the bile or urine. So liver performs
various functions regarding metabolism of food and

drugs. It is prone to various acute and chronic
diseases i.e. viral and drug induced viral hepatitis,
drug induced liver injury, Cholangitis, alcoholic liver

diseases etc. Serum bilirubin (Total, Direct, Indirect),
albumin, serum alanine and aspartate
aminotransferases, alkaline phosphate , prothrombin

time these are bio marker to assess the liver function.

Jaundice is the hallmark symptom of liver
disease1 and yellowish discoloration of tissue

resulting from the deposition of bilirubin. Tissue
deposition of bilirubin occurs only in the presence
of serum hyperbilirubinemia, normally the the

bilirubin level is less than 1mg/dl. Bilirubin level
more than the normal level is diagnosed as jaundice.

Patient’s profile and history:

A female patient was 20 years old belonged
to middle class, hindu family, student by occupation.

Management of jaundice with Ayurvedic medicine
– A Case Study

Dr. Ekta, Dr. Mahendra Prasad

Case Study

She came with the complaint of nausea, fever, pain

in upper right hypochondrium, loss of appetite and
pale urine for 4 days back. There was no any history
of exposure of any chemical or medication either

physician, prescribed over the counter and alternate
medicine. There was no history of blood transfusion,
travelling and occupation exposure to hepatotoxins

as well as taking contaminated food.

Physical examination

On abdominal examination tenderness was

found in epigastric region and upper right
hypochondrium and no splenomegaly. It may be due
to stretching or irritation of Glisson’s capsule which

surrounds the liver and rich in nerve endings
(pressure symptom). There was no sign of ascites,
bulbar conjuctive (sclera) was yellow. This condition

is normally appears in hyperbilirubenemia (more
than 2.5 mg/dl).

Diagnostic Criteria

Hemoglobin in gram percent (Hb gram%),
Serum glutamate oxaloacetic transaminase (SGOT),
Serum glutamate pyruvate transaminase (SGPT),

Serum bilirubin (total , Direct, Indirect), Cholesterol,
ESR, Serum Blood sugar, Urea, Creatinine, Hepatitis
B surface Antigen, urine test were done before and

during the treatment to diagnose the disease  and to
evaluate the effect of treatment as well as prognosis.

Table No. I : Test done before the treatment on dated 20/02/2017

Name of SGOT SGPT S. Bilirubin Cholesterol S. Blood
the test Total Direct Indirect sugar

Result 567.4 482.2 3.6 2.0 1.6 132 99.18

Table No. II

Hb gram % S. Urea S. Creatinine ESR TLC Widal Test HB
s
Ag

10.2 32.38 1.0 46 10,200 -ve -ve
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Table No. III

Urine test Albumin Sugar R.B.C Pus cells Colour

Result Trace -ve -ve 4-6 Yellow

Significance of these tests:

Hb 10.2 gram % showed patient was anaemic.

This investigation was repeated again to rule out the
hemolytic anaemia. Increase in SGOT and SGPT
reflects damage of hepatocytes because these

enzymes are released in greater amount when there
is damage to the liver cell membrane. Increase in
SGOT is found in other pathologies also but SGPT

primarily increases only in liver pathologies.
Increase in serum bilirubin level indicates Jaundice.
For confirmation of hepatitis, HB

s
Ag is bio marker,

gives negative sign for hepatitis. On the basis of
above tests jaundice was diagnosed of unknown
origin.

Intervention given:

1 . Jwarahara Kshaya : 50 ml BD

2. Kutki Vati/ Powder : 2 Tab/ 3 grams BD

3. Mulethi churna : 2grams (BD)

4. Aamlaki Churna : 2grams

5. Triphala churna : 3 grams (HS)

Result: The subjective parameter nausea,
loss of appetite and color of urine improved.
Significant relief was seen within a week in sign

(biomarker) and symptoms.

Table No. IV : Test done during the treatment on dated 25.02.2017 and 28.02.2017

Name of the test SGOT SGPT  S. Bilirubin Hb gram

Total Direct Indirect %

25.02.2017 206.3 214.8 2.80 1.50 1.30 10.2

28.02.2017 78.19 108.6 1.05 0.8 0 . 7 -

Discussion

Jaundice was diagnosed due to hepatitis of
unknown origin. In ayurveda this condition is

homologous to Kamala. According to ayurveda
when an anaemic person use to take Pitta Vardhaka
Aahara in excess then aggravated Pitta vitiates the

Rakta and Mansa dhatu and leads to Kamla.2 The line
of treatment is Mridu virechana with tikta dravya.3

Keeping this principle in mind aforesaid medicines

were prescribed to the patient. Kutki  is katu in
Vipaka, Tikta, Laghu (light), Bhedini, Deepani,
Hridya, Kaphapittahar and Jwaraapaha.4 Apocynin

catechol is present in Kutki has been studied to
inhibit neutrophil oxidative burst along with anti
inflammatory property.5 Extract of P. kurroa roots

and rhizomes has hepatoprotective activity.
Madhuyashti is madhura, sheetala, balya, rasayana,
shothahara and vranaropka.  6 It has anti viral,

antioxidant and immune-stimulant activities.7

Liquirice constituents exhibit hepatoprotective

property and lower the increased serum liver
enzymes.  8 Aamlaki is rasayana, mild laxative,
regulate the liver functions.  9 It prevents  cellular

changes  in the liver and promote anti oxidant
detoxification in liver. It assists the liver in repairing
and recovering from early pathological

manifestations. Triphala is shothghana and
rasanayana. It is deepana and shleshmapittaghana,
antibacterial,10 antiviral, antibacterial11 and

antioxidant. Jwarahara Kashaya have Musta,
haridra, kutaj, kutki, chirayata, raktachandana,
tulsi, nimbi, madhuyashti, guduchi and triphala as

ingredients in equal amount.

Haridra is used in kamla (Jaundice) and
Yakrita vikara (Liver disorders).12 Haridra suppress

the inflammation by reducing the level of
inflammatory cytokines.13 It significantly protects the
liver by reducing the activity of serum aspartate and

alanine aminotransferases , alkaline phosphotase and
by improving the histological architecture of liver.
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By reducing the enzymatic level suggest the
beneficiary effect of liver going to recover the

injured part.14 Tinospora cordifolia has immune
modulatory activity due to active compound 11-
hydroxymustakone, N-methyl-2-pyrrolidone, N-

formylannoian, cordifolioside A, mangoflorine,
tinocordiside and syringin.15-17

Tulsi (Holy basil) leaves have eugenol,

cinnamylacetate and β-elemene.

Extraction of basil leaves yields
cirsilineol, circimaritin, isothymusin,

isothymonin, apigenin and rosamarine.18 The
alcoholic leaf extract has  anti-fertility, anticancer,
antidiabetic, antifungal, antimicrobial,

cardioprotective, analgesic, antispasmodic
adaptogenic actions and hepatoprotective activity.19

Antioxidants, vitamin C and E and

carotenoids found in Neem (Azadirachta indica)
neutralize the free radicals and prevent the damage
to the liver hepatocytes.20

Chirayata possesses digestive, hepatic tonic
and appetizer properties.21According to Ayurveda
prescribed drugs are Deepana in nature, pacifies

Pitta and Rakta and shothaghana. Drugs like Kutki,
Amalaki, Triphala are Virechana Dravya. These
drugs help in detoxification of body by removing the

toxins from the body and decrease the load on liver.
Due to Rasayana property it helps in repair and
enhances the recovery from illness. The prescribed

drugs have anti oxidant, antiviral, antibacterial and
anti inflammatory and remodeling properties.
Hyperbilirubinemia occurs due to inability of liver

to reuptake of bilirubin in pathological condition.
These drugs have enhanced process of detoxification
and repair and have decreased the period of illness.

Aqueous and alcoholic extract of chirayata
has phytochemicals mangiferin, amarogentin and
swertiamarin and has properties such as

antihypoglycemic, antilipidemic, antiatherogenic,
cardioprotective, immunodilatory, cardiotonic, anti-
inflammatory, analgesic, antioxidant,

gastroprotective, hepatoprotective, anticholerogenic
which may be responsible for its therapeutic action
against diabetes, hypertension, chronic fever and

their complications.22

Conclusion:

Tikta and madhur drugs should be used for

the treatment of hyperbilirubenemia. No any
supportive medicines were provided for this case.
Ayurveda is not only a supportive or an alternative

therapy but it can also be used as main stream of
treatment in acute condition.
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journal-specific author and conflict of interest
disclosure forms. When submitting a group
author manuscript, the corresponding author

should clearly indicate the preferred citation and
should clearly identify all individual authors as
well as the group name. Journals will generally

list other members of the group in the
acknowledgements. The National Library of
Medicine indexes the group name and the names

of individuals the group has identified as being
directly responsible for the manuscript.

l Acquisition of funding, collection of data, or

general supervision of the research group, alone,
does not justify authorship.

l All persons designated as authors should qualify

for authorship, and all those who qualify should
be listed.

l Each author should have participated sufficiently

in the work to take public responsibility for
appropriate portions of the content.

Some journals now also request that one or

more authors, referred to as “guarantors,” be
identified as the persons who take responsibility for
the integrity of the work as a whole, from inception

to published article, and publish that information.

Increasingly, authorship of multi-center trials
is attributed to a group. All members of the group

who are named as authors should fully meet the
above criteria for authorship.

The order of authorship on the byline should

be a joint decision of the co-authors. Authors should
be prepared to explain the order in which authors
are listed.
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II.B. Contributors Listed in
Acknowledgments

All contributors who do not meet the
criteria for authorship should be listed in an
acknowledgments section. Examples of those who

might be acknowledged include a person who
provided purely technical help, writing assistance, or
a department chair who provided only general

support. Editors should ask authors to disclose
whether they had writing assistance and to identify
the entity that paid for this assistance. Financial and

material support should also be acknowledged.

Groups of persons who have contributed
materially to the paper but whose contributions do

not justify authorship may be listed under a heading
such as “clinical investigators” or “participating
investigators,” and their function or contribution

should be described-for example, “served as
scientific advisors,” “critically reviewed the study
proposal,” “collected data,” or “provided and cared

for study patients.”

Because readers may infer their endorsement
of the data and conclusions, all persons must give

written permission to be acknowledged.

II.C. Conflicts of Interest

Conflict of interest exists when an author (or

the author’s institution) or reviewer has financial or
personal relationships that inappropriately influence
(bias) his or her actions (also known as dual

commitments, competing interests, or competing
loyalties). These relationships vary from those with
negligible potential to those with great potential to

influence judgment, and not all relationships
represent true conflict of interest. The potential for
conflict of interest can exist whether or not an

individual believes that the relationship affects his or
her scientific judgment. Financial relationships (such
as employment, consultancies, stock ownership,

honoraria, paid expert testimony) are the most easily
identifiable conflicts of interest and the most likely
to undermine the credibility of the journal, the

authors, and of science itself. However, conflicts can
occur for other reasons, such as personal
relationships, academic competition, and intellectual

passion.

All participants in the peer review and

publication process must disclose all relationships
that could be viewed as presenting a potential

conflict of interest.

II.D.1. Potential Conflicts of Interest Related
to Individual Authors’ Commitments

When authors submit a manuscript, whether
an article or a letter, they are responsible for
disclosing all financial and personal relationships that

might bias their work. To prevent ambiguity, authors
must state explicitly whether potential conflicts do
or do not exist. Authors should do so in the

manuscript on a conflict of interest notification page
that follows the title page, providing additional
detail, if necessary, in a cover letter that accompanies

the manuscript.

Authors should identify Individuals who
provide writing assistance and disclose the funding

source for this assistance.

Investigators must disclose potential conflicts
to study participants and should state in the

manuscript whether they have done so.

II.D.2. Potential Conflicts of Interest Related
to Project Support

Increasingly, individual studies receive
funding from commercial firms, private foundations,
and government. The conditions of this funding have

the potential to bias and otherwise discredit the
research.

Scientists have an ethical obligation to submit

creditable research results for publication. Moreover,
as the persons directly responsible for their work,
researchers should not enter into agreements that

interfere with their access to the data and their
ability to analyze it independently, to prepare
manuscripts, and to publish them. Authors should

describe the role of the study sponsor(s), if any, in
study design; in the collection, analysis, and
interpretation of data; in the writing of the report;

and in the decision to submit the report for
publication. If the supporting source had no such
involvement, the authors should so state. Biases

potentially introduced when sponsors are directly
involved in research are analogous to methodological
biases of other sorts. Include Information about the

sponsor’s involvement in the methods section.
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Sign a statement such as, “I had full access
to all of the data in this study and I take complete

responsibility for the integrity of the data and the
accuracy of the data analysis.”

II.E. Privacy and Confidentiality

II. E.1. Patients and Study Participants

Patients have a right to privacy that should
not be infringed without informed consent.

Identifying information, including patients’ names,
initials, or hospital numbers, should not be published
in written descriptions, photographs, and pedigrees

unless the information is essential for scientific
purposes and the patient (or parent or guardian)
gives written informed consent for publication.

Informed consent for this purpose requires that a
patient who is identifiable be shown the manuscript
to be published.

Identifying details should be omitted if they
are not essential. Complete anonymity is difficult to
achieve, however, and informed consent should be

obtained if there is any doubt. For example, masking
the eye region in photographs of patients is
inadequate protection of anonymity.

Informed consent is a must in prospective
trials involving human beings. When informed
consent has been obtained it should be indicated in

the manuscript.

II.E.2. Authors and Reviewers

Manuscripts will be reviewed with due

respect for authors’ confidentiality. Confidentiality
may have to be breached if dishonesty or fraud is
alleged but otherwise will be honored.

Information about manuscripts (including
their receipt, content, status in the reviewing
process, criticism by reviewers, or ultimate fate) will

not be disclosed to anyone other than the authors
and reviewers. This includes requests to use the
materials for legal proceedings.

Reviewer comments should not be published
or otherwise made public without permission of the
reviewer, author, and editor.

The reviewers’ identity will not be revealed
to the author or anyone else without the reviewer’s
permission.

Reviewers’ comments will be sent to other
reviewers of the same manuscript, which helps

reviewers learn from the review process, and
reviewers may be notified of the editor’s decision.

II.F. Protection of Human Subjects and

Animals in Research

When reporting experiments on human
subjects, authors should indicate whether the

procedures followed were in accordance with the
ethical standards of the responsible committee on
human experimentation (institutional and national)

and with the Helsinki Declaration of 1975, as revised
in 2000. If doubt exists whether the research was
conducted in accordance with the Helsinki

Declaration, the authors must explain the rationale
for their approach, and demonstrate that the
institutional review body explicitly approved the

doubtful aspects of the study. When reporting
experiments on animals, authors should be asked to
indicate whether the institutional and national guide

for the care and use of laboratory animals was
followed.

III. Publishing and Editorial Issues Related to

Publication in Biomedical Journals

III.A. Obligation to Publish Negative Studies
Editors will consider seriously for publication

any carefully done study of an important question,
relevant to readers, whether the results are negative
(that is, convincingly allow the null hypothesis to be

accepted) or positive (that is, allow the null
hypothesis to be rejected).

III.B. Corrections, Retractions and

“Expressions of Concern”

Editors assume initially that authors are
reporting work based on honest observations.

Nevertheless, two types of difficulty may arise.

First, errors may be noted in published
articles that require the publication of a correction

or erratum of part of the work. The corrections will
appear on a numbered page, be listed in the
contents page, include the complete original citation,

and link to the original article and vice versa online.
It is conceivable that an error could be so serious
as to vitiate the entire body of the work, but this is

unlikely and will be handled by editors and authors
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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.

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 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.

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.

III.C. Copyright
The copyright status of articles in a given

journal can vary: some content cannot be

copyrighted (articles written by employees of the
governments in the course of their work, for

example).

III.D. Overlapping Publications

III.D.1. Duplicate Submission

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.

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.

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
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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.3. Acceptable Secondary Publication

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.

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.

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].”

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

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.

III.D.4. Competing Manuscripts Based on the

Same Study

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.

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.

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.

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.
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III.D.5. Competing Manuscripts Based on the
Same Database

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.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.

Published correspondence may be edited for

length, grammatical correctness, and journal style.

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.

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
appears on line. These policies should be published

both in print and electronic versions of the journal.

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.

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.

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.

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.
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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.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.

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.

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.

During the editorial process reviewers and
editors frequently need to refer to specific portions

of the manuscript, which is difficult unless the pages

are numbered. Authors should therefore number all
of the pages of the manuscript consecutively,

beginning with the title page.

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.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.

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.

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.

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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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.

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.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.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.

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.

IV.A.5. Introduction

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.

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.6.a. Selection and Description of
Participants

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.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
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their limitations. Identify precisely all drugs and
chemicals used, including generic name(s), dose(s),

and route(s) of administration.

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.

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.

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.

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.”

Where scientifically appropriate, analyses of

the data by variables such as age and sex should be
included.

IV.A.8. Discussion

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.

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.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.

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
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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.

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.

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.

IV.A.9.b. Reference Style and Format

The Uniform Requirements style is based

largely on an ANSI standard style adapted by the
National Library of Medicine (NLM) for its databases.
For samples of reference citation formats, authors

should consult National Library of Medicine web
site.

References should be numbered

consecutively in the order in which they are first
mentioned in the text. Identify references in text,
tables, and legends by Arabic numerals in

parentheses. References cited only in tables or figure
legends should be numbered in accordance with the
sequence established by the first identification in the

text of the particular table or figure. The titles of
journals should be abbreviated according to the style
used in Index Medicus.

This Journal requires that the references from
the Ayurvedic classics should be cited within
parentheses in the text, i.e. ( Cha. Soo. 25/40).

IV.A.10. Tables

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.

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:

*,†,‡,§,||,¶,**,††,‡‡

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

acknowledge them fully.

Additional tables containing backup data too
extensive to publish in print may be appropriate for

publication in the electronic version of the journal.
In that event an appropriate statement will be added
to the text. Submit such tables for consideration with

the paper so that they will be available to the peer
reviewers.

IV.A.11. Illustrations (Figures)

Figures should be either professionally drawn
and photographed, or submitted as photographic
quality digital prints. In addition to requiring a

version of the figures suitable for printing, this
Journal asks authors for electronic files of figures in
a format (e.g., JPEG or GIF) that will produce high

quality images in the web version of the journal;
authors should review the images of such files on a
computer screen before submitting them, to be sure

they meet their own quality standard.

For x-ray films, scans, and other diagnostic
images, as well as pictures of pathology specimens

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Journal of  Ayurveda Vol.XI No.4 Oct-Dec 2017

154

or photomicrographs, send sharp, glossy, black-and-
white or color photographic prints, usually 127 x

173 mm (5 x 7 inches). Letters, numbers, and
symbols on Figures should be clear and even
throughout, and of sufficient size that when reduced

for publication each item will still be legible. Figures
should be made as self-explanatory as possible. Titles
and detailed explanations belong in the legends,

however, not on the illustrations themselves.

Photomicrographs should have internal scale
markers. Symbols, arrows, or letters used in

photomicrographs should contrast with the
background.

If photographs of people are used, either the

subjects must not be identifiable or their pictures
must be accompanied by written permission to use
the photograph. Whenever possible permission for

publication should be obtained.

Figures should be numbered consecutively
according to the order in which they have been first

cited in the text. If a figure has been published,
acknowledge the original source and submit written
permission from the copyright holder to reproduce

the material. Permission is required irrespective of
authorship or publisher except for documents in the
public domain.

IV.A.12. Legends for Illustrations (Figures)

Type or print out legends for illustrations
using double spacing, starting on a separate page,

with Arabic numerals corresponding to the
illustrations. When symbols, arrows, numbers, or
letters are used to identify parts of the illustrations,

identify and explain each one clearly in the legend.
Explain the internal scale and identify the method of
staining in photomicrographs.

IV.A.13. Units of Measurement

Use only standard Units of Measurements. If
some new measurements or scoring patterns are used

they should be explained in detail in the text.

IV.A.14. Abbreviations and Symbols

Use only standard abbreviations; the use of

non-standard abbreviations can be extremely
confusing to readers. Avoid abbreviations in the title.
The full term for which an abbreviation stands

should precede its first use in the text unless it is a
standard unit of measurement.

IV.B Sending the Manuscript to the Journal

This Journal accepts electronic submission of
manuscripts, whether on disk or attachments to

electronic mail. Electronic submission saves time as
well as postage costs, and allows the manuscript to
be handled in electronic form throughout the

editorial process (for example, when it is sent out for
review). When submitting a manuscript
electronically, authors should consult with the

instructions for authors of the journal they have
chosen for their manuscript.

If a paper version of the manuscript is

submitted, send the required number of 6 copies of
the manuscript and figures; they are all needed for
peer review and editing, and editorial office staff

cannot be expected to make the required copies.

Manuscripts must be accompanied by a
cover letter, which should include the following

information.

l A full statement to the editor about all
submissions and previous reports that might be

regarded as redundant publication of the same or
very similar work. Any such work should be
referred to specifically, and referenced in the

new paper. Copies of such material should be
included with the submitted paper, to help the
editor decide how to handle the matter.

l A statement of financial or other relationships
that might lead to a conflict of interest, if that
information is not included in the manuscript

itself or in an authors’ form

l A statement that the manuscript has been read
and approved by all the authors, that the

requirements for authorship as stated earlier in
this document have been met, and that each
author believes that the manuscript represents

honest work, if that information is not provided
in another form; and

l The name, address, and telephone number of the

corresponding author, who is responsible for
communicating with the other authors about
revisions and final approval of the proofs, if that
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information is not included on the manuscript
itself.

The letter should give any additional
information that may be helpful to the editor, such
as the type or format of article in the particular

journal that the manuscript represents. If the
manuscript has been submitted previously to
another journal, it is helpful to include the previous

editor’s and reviewers’ comments with the submitted
manuscript, along with the authors’ responses to
those comments. Editors encourage authors to

submit these previous communications and doing so
may expedite the review process.

Copies of any permission to reproduce

published material, to use illustrations or report
information about identifiable people, or to name
people for their contributions must accompany the

manuscript.
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AYURVEDA NEWS AND VIEWS

*Dr. Rizwana Parveen

*Sr. Research Fellow-Journal of Ayurveda, NIA, Jaipur

National & Internal Seminars

l National Workshop on Research Methodology in
Ayurveda, organized by  Vishwa Ayurveda
Parishad, Delhi.

Date : 7th and 8th October, 2017.

l CME on Panchakarma for Doctors,
organized by  S.V.Ayurvedic College & Hospital,

Tirupati.

Date : 9th to 14th October, 2017.

l National Seminar: SROTO-VICHAR 2017,

organized by Late Kedari Redekar Ayurvedic
Mahavidyalaya, Gadhinglaj.

Date : 12th October, 2017.

l The Ayurveda Day, organized by 
Ministry of Ayurveda, New Delhi.
Date : 17th October, 2017.

l National Conference on “Chronic Alignments &
Ayurveda”, organized by  Rajiv Gandhi
Government Post-Graduate Ayurvedic College &

Hospital, Paprola.

Date : 27th and 28th October, 2017.

l International Conference on “Role of Basic

Sciences in Translational Research in Ayurvedic
Medicine”, organized by  Mahima Research
Foundation & Social Welfare, Varanasi.

Date : 28th and 29th October, 2017.

l International Seminar On Concepts & Recent
Updates of Kriya Sameeksha,  organized by 

Sri Dharmasthala Manjunatheshwara College of
Ayurveda & Hospital, Hassan. 

Date : 3rd November, 2017.

l Ayurveda Sanjeevni 2017: “National Seminar &
Workshop”,  organized by Maharashtra Ayurveda
Congress. 

Date : 4th & 5th November, 2017.

Short Communication

l National Seminar on “Clinical Aspects of
Triskanda Ayurved”,  organized by 

Vidyarthimitra Vaidya MV Kolhatkar Ayurved
Pratishthan, Pune. 

Date : 5th November, 2017.

l National Conference on Recent Trends In
Management Of Ano-rectal Disorders, 
organized by  Banaras Hindu University,

Varanasi. 

Date : 9th to 11th November, 2017.

l 24th International Conference: Ayurveda For

Health & Wellness, organized by 
Global Ayurveda Conferences, USA.

Date : 11th and 12th November, 2017.

l NIRAMAYA 2017 National Seminar on “A
Holistic approach of Ayurveda & Yoga towards
Psycho-somatic disorders”,  organized by 

R.D.Memorial PG College of Ayurved, Bhopal. 

Date : 17th & 18th November, 2017.

l SNEHA ACHARNAM 2017: Workshop on

Snehana & Aromatherapy,  organized by 
D.Y Patil University School Of Ayurveda,
Mumbai. 

Date : 17th November, 2017.

l CME on “Management of Sandhigatha Vath”, 

organized at  Arya Vaidya Sala Kottakkal. 
Date : 19th November, 2017.

l Ayurved Mahakumbh, organized by 

Ayurved Sankul Anand &shri Swaminarayan
Mandir Vadtal Sansthan.

Date : 24th to 26th November, 2017.

l Workshop on “Excellence in Writing Skills for

Ayurved Scholars”,  organized by 
Vishwa Ayurved Parishad State Unit of
Rajasthan. 

Date : 26th November, 2017.
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l Prajna 2017: Continuing Medical Education
Programme on Headache,  organized by 

Government Ayurveda College, Kannur. 
Date : 28th to 30th November, 2017.

l AYURVEDANVESHAN-2017: National Seminar

on Ayurvedic Perspective For Treatment of
Diseases Related To Rheumatology,
Endocrinology & Cardiology, organized by 

Arya Vaidya Sala, Kottakkal. 

Date: 3rd December, 2017.

l National Seminar on Prameha, organized by

Swasthyam Ayurvedic Multispeciality Clinic &
Research Centre, Satara. 

Date: 3rd December, 2017.

l International AROGYA-2017: 1st International
Exhibition & Conference on AYUSH & Wellness,
organized by Ministry of AYUSH. 

Date: 4th to 7th December, 2017.

l AROGYA 2017: “International Herbal Trade”,
organized at Vigyan Bhawan, New Delhi. 

Date: 6th December, 2017.

l ANVEEKSHIK-2017: International Seminar on
Ayurveda Oncology, organized by 

Pankajakasthuri Ayurveda Medical College & PG
Center, Thiruvananthapuram. 

Date: 7th to 9th December, 2017.

l 6-day CME for AYUSH Paramedics, organized by 
Shri N.P.A Govt. Ayurved College, Raipur.
11th December, 2017.

l Skill Development Workshop for Practising
Ayurveda Surgeons, organized by Sri
Dharmasthala Manjunatheshwara College of

Ayurveda & Hospital, Hassan. 

Date: 12th December, 2017.

l National Seminar on Recent Advances in

Parasurgical Procedures ‘AYURCON UPDATE -
2017’, organized by Government Ayurvedic
College and Hospital, Allahabad. 

Date: 13th December, 2017.

l International Conference: “Ayurveda as a
Medicine System To Address Contemporary

Health Challenges In an Effective Efficient
Affordable & Holistic Way-Perspectives on Policy

& Practice”, organized by  Antar Rashtriya
Sahyog Parishad, West Bengal. 

Date: 23rd & 24th December, 2017.

l Ayurved Parv 2017: National Seminar on
“Prevention & Management of Diabetes with its
Complications & Pain Management Through

Ayurveda”, organized by  Akhil Bhartiya Ayurved
Mahasammelan, Gujarat. 

Date: 22nd to 25th December, 2017.

l Pragati 2017: 24th International Conference on
Kayachikitsa and Panchakarma,
organized by  Shri. B M Kankanawadi Ayurveda

Mahavidyalaya, PG and Medical Research Centre,
Belagavi.

Date: 23rd and 24th December, 2017.

l National Seminar on ABHIGHATOPACHARA
Trauma Care in Ayurveda, organized by
Parul University, Gujarat. 

Date: 29th & 30th December, 2017.

CAMPUS NEWS:

A three day medical camp (from 14th to 16th

of October 2017) was organized in the playgrounds
of the institution to commemorate 2nd World
Ayurveda Day whose theme was Ayurveda for Pain

Managment. In the camp several specialized clinics
were operated by various departments of the
institute to highlight and prescribe pain management

techniques in their respective fields of expertise, viz,
Asthi sandhi unit of Shalya department highlighted
agni karma and jalaukavacharana for managing pain

in joint disorders. Panchkarma department
highlighted role of kati basti and other panchkarma
procedures in managing pain in elderly population

and in auto immune disorders. Pain management in
Adhimantha, various ENT and ophthalmic disorders
and in dental practice were prescribed by Shalakya

department. Special emphasis was given to
management of pain associated with lifestyle
disorders by employing different Yoga postures

along with specific indications and contra indications
of yogasanas in various diseases and in healthy
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announced earlier this year on the occasion of
International Day of Yoga.

 The Ministry of AYUSH has requested All the
State Governments, State AYUSH Directorates, all
Ayurveda colleges/ teaching institutions, AYUSH/

Health Universities, Associations of Ayurveda
Practitioners, Ayurveda Drug Industries and all
supporters/ well-wishers and stakeholders of

Ayurveda in India and abroad to observe
the Ayurveda Day on 17th October, 2017 for this
year and undertake various activities like organizing

Public lectures / Seminars / Exhibition / Radio Talks
etc.  as a part of Ayurveda Day celebrations. 

National ayurveda day: Pain management by
Ayurveda

 On the First National Ayurveda Day ie 28th

October 2017 , the Ministry of AYUSH launched
“Mission Madhumeha through Ayurveda.” The
Mission Madhumeha was implemented throughout

the country through a specially designed National
Treatment Protocol for effective management of
Diabetes through Ayurveda. The national treatment

Protocol was also released on the occasion of a
national seminar on the said day. The Second
National Ayurveda Day ie 17th October 2017, the

Ministry of AYUSH has set its sights with the them
“Pain Management through Ayurveda”. It is time to
acknowledge ayurveda as one of the most important

traditions of natural healing in the world. It is one
of the greatest gifts of India’s profound spiritual and
yogic culture.

 Pain can be described as any physical
suffering or discomfort caused by illness or injury.
No matter however mild the pain is anywhere in the

body it lands you in a state of discomfort and affects
your day to day activities. Pain can present in
various ways as throbbing pain in toothache, eye

ache or a colic pain which comes in spasm as in renal
calculi, gnawing pain in abdominal discomfort,
muscular pain as in sprain, sports injury, joint pain

due to swelling and many more; and our answer to
this is a pain killer which on frequent usage also kills
our resistance power.

 Ayurveda explains the origin of pain is due
to vitiated Vata dosha, once vata dosha is treated

individuals. Patients were also educated about the
importance of prevention measures for the diseases.

On the last day of the camp, two lectures were
organized for various senior administrative officers,
advocates and professors in the auditorium of the

institute on the measures to reduce stress caused by
modern life style. Honourable Vice Chancellor of
Rajasthan University Prof. R. K. Kothari graced the

occasion as chief guest in this event.

 NATIONAL NEWS EVENTS

This year’s 2nd Ayurveda Day is celebrated on

17 October in New Delhi by the Ministry of
AYUSH.

Prime Minister Narendra Modi will be the

Chief Guest and will also inaugurate the country’s
first All India Institute of Ayurveda, Sarita Vihar,
New Delhi. The All India Institute of Ayurveda, set

up on a total area of 10.015 acres on a budget of Rs
157 crore, is the first medical institute under the
AYUSH ministry to hold the coveted National

Accreditation Board for Hospitals and Healthcare
Providers (NABH) accreditation. To mark the
2nd Ayurveda Day, several events have been

organized by the Ministry of AYUSH. The main
function will be held at the All India Institute of
Ayurveda (AIIA), Sarita Vihar, New Delhi.  The

Prime Minister of India will be the chief Guest of the
function and will dedicate the AIIA to the Nation. The
“Ayurvedic Standard Treatment Guidelines”

developed by the Ministry shall also be released on
this occasion. Nearly 1500 participants from across
the country are expected to participate in the

program. A national seminar on the theme
“Ayurveda for Pain management” will be held on
16th October, 2017 at New Delhi. An AYUSH CII

industry conclave shall also be held at New Delhi on
the theme “Vision 2022: Widening horizons of
Ayurveda for three-fold growth of market size”.  

 “National Dhanwantari Ayurveda Award”
comprising of Citation, Trophy (Dhanwantari Statue)
and Cash reward of Rupees five lakh will be conferred

on this day to 3 to 4 eminent Vaidyas and Ayurveda
experts.  On this occasion, the Prime Minister will
also give away the Yoga Award to the Ramamani

Iyengar Memorial Yoga Institute, Pune, which was
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efficiently the pain subsides automatically. Many
people have a false belief that Ayurveda is no good

in times of acute pain, Ayurvedic medicines should
only be consumed in chronic illnesses and it always
gives very slow results but the thing is they are

unaware of the wonder management. Here are the
various ways to kill pain.

 1.Snehan and Swedan: The procedure

includes application of medicated oil which is
selected according to type of pain followed by
sudation therapy (steam, dry heat, patra pottali,

pinda sweda, etc.) Usually done in cases of sprain,
back ache, muscular injury as in sports injury.

 In some cases of abdominal pain like renal

colic or accumulation of gases Basti treatment works
wonders. Lumbar pain can as well managed by
Various types of Basti therapy.

 Kati Basti, Janu Basti, Manya Basti, Hrid Basti,
Netra Basti are organ related procedures performed
at respective site to manage pain and at the same

time strengthen them.

 Internal oleation is one of the best way to
control vata dosha, 2-3 tsp of ghee everyday will

serve the purpose.

 2. Agnikarma: Agnikarma is basically
performed in two ways

a) Direct heat b) Indirect heat

A small rod of Panchdhatu Shalakha (rod
made of five metals) with a blunt end, specially

designed for this purpose is placed on the affected
area and the heat is transferred through the other end
by a candle, till the patient can bear the heat. It

works effectively and gives immediate relief. Usually
done in conditions like joint pain, pain due to
cervical or lumbar spondylosis, spasmodic pain due

to calculi, sciatica the procedure is done along the
path of the nerve, frozen shoulder.

 3. Blood letting: Blood letting again is

performed in various ways the common methods
used in practice are : –

Jalaukavcharan (Leech therapy)– The

characteristic feature of leech is it only sucks the
impure blood from the body. In conditions like
painful cracked heels or soles and palms due to

excessive dryness, headache due to vitiated pitta,
some skin diseases, swelling in various tissues or

joints, pain due to contused wound where blood
capillaries get ruptured and the blood gets
accumulated under the skin resulting in pain.

Leeches are usually used where the cause of pain lies
in blood tissue. The moment the impure blood is
sucked out the pain disappears.

Blood letting by syringe or scalp
vein: wherein blood is removed by puncturing the
vein. In patients where blood pressure constantly

remains high without any definite symptoms blood
letting plays an efficient role.

Prachanna karma: This is a miniature of

blood letting , a very small puncture is done with the
help of an insulin needle. The knowledge of vital
points and symptom related points is essential. this

procedure serves many purposes but usually in
headache, eyeache, tonsillitis, nasal blockage, renal
colic, pain related to nerve defects, joint pain

radiating pain, and much more. The treament gives
its miraculous results in fraction of a second.

Lepa: Lepa literally means application of

paste of herbs on the affected area and leave it to
dry. Usually applied in cases of swelling, injury,
sprain, etc.

 Ayurveda, Homeopathy Doctors Can Practice
Allopathy After Clearing A Bridge Course

  Doctors pursuing Indian systems of

medicine, including ayurveda, and homeopathy may
be allowed to practice allopathy after clearing a
bridge course, according to a bill introduced in the

Lok Sabha. The National Medical Commission Bill,
2017, which seeks to replace the existing apex
medical education regulator, the Medical Council of

India (MCI), with a new body, was moved by the
government in the House yesterday.

Clause 49 of the Bill calls for a joint sitting of

the National Medical Commission, the Central
Council of Homoeopathy and the Central Council of
Indian Medicine at least once a year “to enhance the

interface between homoeopathy, Indian Systems of
Medicine and modern systems of medicine”.

It has also proposed that specific educational

modules or programmes for developing bridges
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across the various systems of medicine and
promotion of medical pluralism, can be done with

the approval of all the members present in the joint
sitting.

”The joint sitting, may, by an affirmative vote

of all members present and voting, decide on
approving specific bridge course that may be
introduced for the practitioners of Homeopathy and

of Indian Systems of Medicine to enable them to
prescribe such modern medicine at such level as may
be prescribed,” according to the Bill.

It provides for the constitution of four
autonomous boards entrusted with conducting
undergraduate and postgraduate education,

assessment and rating of medical institutions and
registration of practitioners under the National
Medical Commission.

The commission will have a government-
nominated chairman and members, and the board
members will be selected by a search committee

under the Cabinet Secretary, it says. A 25-member
commission will replace the elected MCI, the Bill
says.

The proposed measure has been strongly
opposed by the Indian Medical Association (IMA)
which claimed that it will “cripple” the functioning

of medical profession by making it completely
answerable to the bureaucracy and non-medical
administrators.

”Regulators need to have an autonomy and
be independent of the administrators. The National
Medical Commission will be a regulator appointed by

the administrators under their direct control,” IMA’s
president K K Aggarwal said.

The Bill also proposes a common entrance

exam and licentiate (exit) exam which all medical
graduates will have to clear to get practicing
licences. The licentiate (exit) examination will have

to be conducted within three years after Parliament
passes it. A medical advisory council, including one
member representing each state and Union territory

(vice-chancellors in both cases), the chairman,
University Grants Commission, and the director of
the National Accreditation and Assessment Council

will make recommendations to the NMC. No
permission would be needed to add new seats or to

start post-graduate courses, it says. The Bill is aimed
at bringing reforms in the medical education sector

which has been under scrutiny for corruption and
unethical practices, a senior health ministry official
said. 

Clear Exit Exam To Get Licence For Practising
Ayurveda: Draft Bill

 Medical graduates willing to procure a

licence to practise Indian medicine systems,
including Ayurveda, may soon have to clear an exit
exam, according to a proposed legislation on the

lines of the health ministry’s National Medical
Commission Bill. This is a part of a draft bill which
seeks to create a new regulator, National Commission

for Indian Systems of Medicine and Homoeopathy,
to replace the two statutory bodies governing higher
education in homoeopathy and Indian systems of

medicine.

The AYUSH ministry, in consultation with
NITI Aayog, has formulated the inclusion of

integrative medicine in the proposed bill which will
enable AYUSH practitioners to practise modern
medicines and vice versa after undergoing a “bridge

course”.

Proposed by the NITI Aayog-led panel, the
draft bill known as National Commission for Indian

Systems of Medicine and Homoeopathy, which seeks
to replace Central Council of Indian Medicine (CCIM)
and Central Council of Homoeopathy (CCH), also

calls for AYUSH National Teachers Eligibility Test to
bring in quality teachers in the traditional systems
of medicine.

The AYUSH National Teachers Eligibility will
be conducted for appointment of all teachers in
AYUSH institutions, a senior official in the ministry

of AYUSH said.

A committee under the chairmanship of vice
chairman, Niti Aayog, additional principal secretary

to prime minister, Chief Executive Officer (CEO), Niti
Aayog and secretary, Ministry of Ayush as members
examined the working of the existing regulatory

bodies of Indian Systems of Medicine.

It recommended the creation of National
Commission for Indian Systems of Medicine and

Homoeopathy.
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There are two statutory regulatory bodies
namely—Central Council of Indian Medicine (CCIM)

and Central Council of Homoeopathy (CCH)—set up
as per the provision of Indian Medicine Central
Council Act, 1970, and Homoeopathy Central

Council Act, 1973, respectively, that regulate
education and practice of AYUSH systems of
medicine through its regulations.

Further, from upcoming academic session, it
will be mandatory for those seeking admission in
AYUSH’s undergraduate courses to clear the

National Eligibility-cum-Entrance Test (NEET).

”However, we are still exploring whether to
merge the entrance exam with NEET or to have our

own common entrance exam,” the official said.

For all system of AYUSH, minimum 50 per
cent marks have to be obtained by the candidates to

be eligible for admission in under-graduate courses.

The draft National Medical Commission Bill
which seeks to replace the existing apex medical

education regulator Medical Council of India (MCI)
with a new body also calls for a licentiate exam which
all medical graduates will have to clear to get

practicing licences.

Prime Minister Narendra Modi Promises
Ayurveda Hospital In Every District

NEW DELHI:  Underscoring the importance of
Ayurveda, Prime Minister Narendra Modi today said
time has come for a “health revolution” led by the

traditional medicine system and pitched for
affordable and accessible healthcare. Addressing a
gathering after dedicating the country’s first All India

Institute of Ayurveda to the nation, the prime
minister noted that the world is heading “back to
nature and wellness”. Marking ‘Ayurveda Divas’

today, he described the medicine system as India’s
strength and urged those working in the sector to
revive it. He also asked experts from the field to find

medicines which can, like allopathy, give immediate
relief to people but without side-effects. The prime
minister also urged private players to use part of

their corporate social responsibility funds to help
strengthen Ayurveda. “We have seen the IT
revolution in last 30 years. Now, time has come for

a health revolution under the aegis of Ayurveda.
Let’s pledge to strengthen, revive Ayurveda,” PM

Modi said. Listing steps being taken by his
government to revive and strengthen the system, PM

Modi said Ayurveda-related hospitals should be set
up in each district of the country. He said the Ayush
Ministry would ensure that there was a good

Ayurveda hospital in each district

Reduce arthritis pain with these Ayurvedic
herbs

Winter is usually a difficult season for
majority of our elderly folks. This is the season of the
year when their Arthritis pain will be at its peak.

Arthritis refers to joint pain or joint disease, due to
inflammation of joints, affecting one or multiple
joints.

Symptoms of arthritis are often seen in adults
over 60 years of age. The cold weather further adds
to excessive pain, stiffness and swelling in joints.

Although there is no permanent cure to this
condition, Ayurveda recommends some herbs that
can help relieve joint pain. These herbs stem

inflammation and help the body in its detoxifying
efforts.

According to Ayurvedic experts, hot water

fomentation is an excellent therapy to relieve
Arthritis pain, as it soothes your joints and helps in
better functioning. But, this may help only in mild

cases. Although, the kind of medicines or herbs to
be used may vary from one individual to another,
depending on their severity and other health

conditions, given below are some common herbs
used by the majority for management of arthritis
pain.

Nirgundi

This is among the most common herbs used
for relief from joint pain. The plant also helps in

reducing inflammation and excess pain, as it has anti-
inflammatory, anti-oxidant and anti-convulsing
properties. The leaves of the plant carry medicinal

value, followed by the stem and seeds. Nirgundi oil
can be applied on joints. Or, make a paste of the leaves
and apply, or make a decoction with the leaves. But,

Nirgundi oil is the most effective form for arthritic
pain. Apply the oil on affected area and leave it for 10
to 15 minutes before washing in lukewarm water. It is

more beneficial to apply nirgundi oil before bath to
reduce inflammation and pain.
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Burdock Root (Arctium lappa)

Burdock contains fatty oils, apart from the

presence of sterols and tannins, which makes it a
good anti-inflammatory. You can add burdock in
your stir-fry recipes, or make decoction (by adding

the root to boiling water and allowing it to simmer
for 10 minutes. Strain and drink this lukewarm water
thrice or four times a day). The herb is also available

in capsule form.

Turmeric

There is no herb, which is as effective as an

anti-inflammatory herb, as turmeric. It is also a
great pain reliever. It contains curcumin, which
decreases inflammation. This anti-inflammatory

effect is also the reason behind turmeric being often
recommended for treatment of cancer, cataract and
Alzheimer’s. However, to get the full medicinal

benefits of turmeric, you will have to take it as a
supplement, apart from adding to your daily diet.
The herb can also be used topically to relieve pain.

Ginger

Ginger, which is usually found in every
household, has excellent antiseptic and anti-

inflammatory properties. It helps reduce joint pain
and swelling. It improves blood circulation too. So
it would do good to sip on ginger tea regularly. Also,

its essential oil can be applied externally for relief
from pain and inflammation.

Ajwain

Ajwain (carom seeds) is a natural aid to
arthritis pain, as it has excellent anti-inflammatory
properties. The presence of anaesthetic properties in

ajwain helps in relieving excessive pain during
winter. Add a spoonful of carom seeds into a tub of
hot water. Soak your aching joints in the water and

sit for 5 to 10 minutes. This will help ease pain and
inflammation. This will help in cases of mild pain.
Another option is to crush the seeds, make a paste

and apply on the affected areas. You can do this,
along with drinking ajwain water every day.

Dashmool

Dashmool is a mix of ten medicinal herbs that
helps cure variety of ailments. Dashmool (also known
as dashamoolam) is an effective anti-inflammatory,

antioxidant, analgesic, and sedative, and helps cure
joint pain effectively. It is available in the form of

oil and powder.

Shallaki -

The herb keeps your joints strong and

relieves pain and inflammation. It improves mobility
too. It is used by Ayurvedic physicians as a
substitute to pain killers. It is available in the form

of essential oil and in the form of powder.

Eucalyptus -

Eucalyptus oil is a popular herbal remedy for

arthritis. The tannin, present in the leaves of the
plant, helps reduce inflammation and pain associated
with arthritis. Moreover, the aroma of eucalyptus oil

has a calming effect on the brain, while the oil helps
relieve the pain and swelling in the joints.

Flaxseed - Due to the presence of Omega-3

in abundance in flax, it helps build immunity and
fights inflammation. Include two tablespoons of
flaxseeds into your daily diet. However, people with

digestive conditions like IBS (Irritable Bowel
Syndrome), should avoid it, as it may aggravate their
condition.

Note: Although these herbs help in relieving
pain associated with arthritis, it is important to
consult your doctor before taking any ayurvedic

medicines.

Sources of information

1 www.ayurvednews.com

2 w w w . a y u r v i s t a . n e t

3 www.ayurvedforum.com

4 www.ayurvedictalk.com

5 www.liveayurved.com

6 www.ians.in

7 www.naturalproductsasia.com

8 http://expressbuzz.com

9 https://scroll.in › India › National News
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Abstract In the present paper 5-[40-({4-[(4-aryloxy)methyl]-

1H-1,2,3-triazol-1-yl}methyl)[1,10-biphenyl]-2-yl]-1H-te-

trazoles (5a–g) and [20-(1H-tetrazol-5-yl)[1,10-biphenyl]-

4-yl]methyl-substituted-1-carbodithioates (11h–q) have

been designed and synthesized. These compounds were

subjected to docking (against AT1 receptor protein

enzyme in complex with Lisinopril), in vitro angiotensin

converting enzyme inhibition, anti-proliferative, anti-in-

flammatory screening (through egg albumin denaturation

inhibition and red blood cell membrane stabilization

assay) and finally anti-fungal activity analyses. Some of

the compounds have shown significant pharmacological

properties.

Keywords Biphenyl � Tetrazole � Triazole � DTC �
ACE inhibition � Anti-proliferative activity �
Anti-inflammatory activity � Antifungal activity

Introduction

It has been proved that cardiovascular diseases are life-

long condition, and patients with high blood pressure need

to take medicine on a regular basis. Given the advance-

ments in society worldwide, hypertension presents a

challenge not only to the people in western countries but

also to the entire world. Angiotensin II receptor antago-

nists inhibit angiotensin converting enzyme (ACE) and

influence the renin–angiotensin system which plays an

important role in the regulation of cardiovascular home-

ostasis by acting on both the vascular resistance and the

blood volume (Vallotton 1987). ACE II is produced

in vivo from angiotensin I by ACE (Cockcroft et al.

1993). ACE is not a selective enzyme as it possesses

important peptides such as bradykinin among its sub-

strates and substance P (an undecapeptide composed of a

chain of 11 amino acid residues). Human and animal

tissues mainly have two types of ACE II receptor subtypes

which have been characterized as AT1 and AT2 (De et al.

2000). The AT1 receptor subtype belongs to the G protein-

coupled receptor super family and has seven hydrophobic

trans-membrane domains forming R-helices in the lipid

bi-layer of the cell membrane. Majority of the effects of

ACE II on the cardiovascular, renal and central nervous

system (CNS) are blocked by AT1 (Timmermans 1992).

The AT2 receptor is involved in fetal growth, adult tissue

repair and remodeling, especially in the cardiovascular

system (Heymes and Levy 1998).

A large number of patents and publications on ACE II

antagonists have come across in the last several years.

These antagonists are selective for the type 1 ACE II (AT1)

receptor which affects the blood pressure. Compounds such

as Losartan (DuP-753, 1) (Carini et al. 1991; Duncia et al.

1992), IC1 D8731 (Bradbury et al. 1992) and L-159,093
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(delazlo et al. 1993) (nonpeptide AT1 subtype antagonists)

are examples of AT1 selective antagonists (Fig. 1).

There are a number of structural similarities among

many of the reported ACE II antagonists. Compounds

generally contain biphenyl tetrazole group as a common

pharmacophore, which is appended to a heterocyclic ring

via a methylene group. Biphenyl tetrazoles are generally

associated with the greatest binding affinity at the AT1

receptor and with the best oral activity in animal models.

SAR studies of AT1 receptor antagonists suggested that the

activity is improved by the presence of

(i) A biphenyl group (the absence of a linker chain

between two phenyl moieties increases the

activity).

(ii) A tetrazole group, or an acidic group, at the ortho

position of the biphenyl group is 10 times more

lipophilic than the corresponding carboxylates

which is an important factor to be considered

while designing a drug molecule to pass through

cell membranes.

(iii) Heterocyclic moiety that acts as an acceptor in a

hydrogen-bonding interaction with the receptor

(Carini et al. 1991).

Presently available ACE inhibitors have major side

effects associated with their clinical use such as cough,

angioedema, rashes, etc. In view of the above, a series of

triazole and dithiocarbamate (DTC) compounds (Fig. 2)

were prepared and ACE II antagonist activity of these

compounds is described in this paper.

Cancer is one of the important cause of death in the world

and based on World Health Organization report, more than

13 million cancers death are expected by 2030 (Jemal et al.

2011). Most cancers are recognized by uncontrolled growth

of cells without differentiation due to the deregulation of

essential enzymes and other proteins controlling cell divi-

sion and proliferation (Mareel and Leroy 2003; Wesche

et al. 2011). Although many efforts for treatment of cancer

diseases have been carried out and much progress has been

eventuated from diagnosis to treatment of cancer, but some

of the cancer patients do not respond to therapy or recur-

rence subsequent initial response. Due to high cancer death

rate, development of drug resistance and undesirable side

effects there is always demand for design and synthesis of

new anti-cancer drugs. Inflammation has been known as an

immune response of body tissues caused by a wide variety

of stimuli such as injury or infection. The inflammatory

reaction is characterized by the local rapid expression of

pro-inflammatory cytokines, chemokines and adhesion

molecules (Zhang and Rigas 2006). Non-steroidal anti-in-

flammatory drugs (NSAIDs) are used to heal and ameliorate

inflammatory activity owing to their characteristic compe-

tency of inhibiting cyclooxygenases, the important enzymes

which participate in the production of complex molecules

such as prostaglandin from arachidonic acid. The use of

NSAIDS induces side effects such as gastric irritation, ulcer

formation and bowel dysfunctions, etc. Due to this, the use

of NSAIDS has been limited in clinical use (Renard et al.

2014). Hence, the discovery of natural along with synthetic

compounds has to be undertaken to fulfill the requirement of
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potent anti-inflammatory agents. In this regard, the present

study was aimed at synthesizing novel anti-inflammatory

drugs with fewer side effects. The present study uses the egg

albumin (similar to bovine serum albumin) to screen anti-

inflammatory property of synthetic drugs as the albumin

denaturation expresses antigens associated with Type III

hypersensitive reaction which is related to many diseases

(Williams et al. 2008). Generally Aspergillus spp. can be

isolated from wide variety of sources such as plant, soil and

hospital wards. The pulmonary disease is triggered princi-

pally by Aspergillus fumigatus and has a range of clinical

disorders (Soubani and Chandrasekar 2002). Aspergilloma

and allergic bronchopulmonary Aspergillosis are noninva-

sive forms of Aspergillus lung disease. Aspergilloma is a

fungus that matures in the lung parenchyma, while Asper-

gilloma and allergic bronchopulmonary Aspergillosis cause

hypersensitivity index in the lungs that affects patients with

asthma or cystic fibrosis (Zmeili and Soubani 2007). The

Aspergillus spp. is culprit behind hypertensive reaction in

pulmonary bronchitis and there is immense need of very

potent antifungal drugs to inhibit these manifestations of

Aspergillus spp.

Triazoles constitute a five-membered nitrogen hetero-

cycles of multi-dimensional importance (Meldal and Tor-

nøe 2008). In view of their ability to bind with various

enzymes through hydrogen bonding, rigidity and stability,

1,2,3-triazoles have been a worthful source of inspiration

for medicinal chemists (Shi and Zhou 2011; Kolb and

Sharpless 2009; Agalave et al. 2011; Aher et al. 2009;

Wang et al. 2010; Buckle et al. 1983; Giffin et al. 2008;

Shaikh et al. 2015; Simone et al. 2011). DTC and its

derivatives are considered as privileged scaffolds in

organic synthesis as intermediates and in diverse biologi-

cally active compounds viz., as fungicides (Cvek and

Dvorak 2007), antifungal (Len et al. 1996), anti-bacterial

(Imamura et al. 2001) and carbonic anhydrase inhibitors

(Carta and Supuran 2012; Carta et al. 2012b). Also, their

applications in the treatment of cancer have also been

explored (Huang et al. 2009).

Considering our understanding of biphenyl derivatives

in the field of medicinal chemistry (Jain et al. 2013; Meti

2014), we designed and synthesized novel ACE inhibitor

and also analyzed for anti-proliferative, anti-inflammatory

(inhibition of egg albumin denaturation and red blood cell

(RBC) membrane stabilization assay) and anti-fungal

activity. In view of this, we herein report the synthesis of

biphenyl tetrazole derivatives, along with incorporation of

triazole (5a–g) and DTC (11h–q) moiety (Fig. 2). Docking

study of these compounds was conducted in an attempt to

understand their mechanism of action on the targeted

enzyme. Some of the compounds were selected by NCI,

NIH, Maryland, USA for single dose anti-proliferative

activity analysis.

Materials and methods

General

All the chemicals, reagents and solvents were of analytical

grade purchased from Sigma-Aldrich and were used

without further purification. Microwave irradiation reac-

tions were carried out using CEM Discover SP Microwave.

Thin-layer chromatography (TLC) used was 0.20 mm

Aluchrosep Silica Gel 60/UV 254 TLC on silica gel coated

plates (S.D. Fine, Mumbai). Melting points were deter-

mined with a Coslab apparatus in open capillaries and are

uncorrected. The IR spectra were recorded on Nicolet

Impact 410 FT-IR spectrometer using KBr pellets. The 1H

NMR spectra were recorded at 400 MHz on Bruker

Avance FT-NMR spectrometer in DMSO-d6 with TMS as

an internal standard. Similarly, 13C NMR spectra were

recorded at 100 MHz on Bruker Avance FT-NMR spec-

trometer in DMSO-d6 with TMS as an internal standard.

The chemical shifts are expressed in d ppm. The mass

spectra were recorded on Shimadzu GC–MS operating at

70 eV. Crystal of compound 7h analyzed using Bruker

APEX-II CCD diffractometer. All intermediate and final

compounds were purified by column chromatography.

Result and discussion

Chemistry

The starting materials acetylenic dipolarophile 2a–g and 40-
(azidomethyl)[1,10-biphenyl]-2-carbonitrile 3 were pre-

pared respectively by the reaction of substituted phenols

1a–g with 3-bromoprop-1-yne employing anhydrous

potassium carbonate in acetone and 40-(bromomethyl)-

biphenyl-2-carbonitrile 6 with NaN3 in DMSO at room

temperature. This was followed by azide-alkyne cycload-

dition of acetylenic dipolarophiles 2a–g with 40-
(azidomethyl)[1,10-biphenyl]-2-carbonitrile 3 was carried

out in presence of sodium ascorbate (generated in situ) in

THF/water (1:1) under reflux condition to get exclusively

one isomer, i.e., 40-{[aryloxymethyl-1H-1,2,3-triazol-1-

yl]methyl}[1,10-biphenyl]-2-carbonitrile 4a–g in excellent

yield and purity. Compound 4a–g was further reacted

NaN3 and Et3N�HCl to obtain 5-(40-{[aryloxymethyl)-1H-

1,2,3-triazol-1-yl]methyl}[1,10-biphenyl]-2-yl)-1H-tetrazole

5a–g (Scheme 1).

Further, one-pot reaction of compound 6 with piperidine

70h, CS2 and sodium hydroxide in DMF was tried in the

hope of getting only compound 8h. However, after com-

pletion of reaction TLC showed two spots instead of single

spot indicating the presence of two components. The two
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components were separated by column chromatography

using a mixture of hexane and ethyl acetate as eluent in the

ratio 9:1. These were then individually analyzed by NMR

(1H and 13C), GC–MS and single crystal X-ray diffraction

studies. The 1H NMR study showed singlet at 4.20 ppm

accounting for two protons, two triplets at 3.41–3.39 and

1.98–1.96 ppm for two sets of methylene protons which

correspond to compound 8h (50%). The structure of

compound 8h was further confirmed by single-crystal

studies as shown in (Fig. 3) (CCDC No. 1485729) (crystal

data provided in supplementary information).

Similarly, a singlet at 4.02 ppm accounting for one pro-

ton, two triplets at 3.74 and 2.95 ppm for two sets of

methylene protons correspond to compound 9a in 50% yield.

Also with the other secondary amines 70i–q we obtained the

compounds 8i–q and 9i–q. Further, nitrile group of the

compound 8h–q was converted into tetrazole ring using

NaN3 and Et3N�HCl to get the final compound 11h–q.
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CN
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To avoid the formation of by-product 9h–q which

affected the yield, initially we used sodium salt of DTC

7h–q (prepared according to Scheme 2) to react with

compound 6 to obtain only the compound 8h–q (Hester

1953). This was further converted into title compound

11h–q by reacting with sodium azide in presence of

TEA�HCl in toluene at 180 �C. We also prepared com-

pound 11h–q solely by initial conversion of nitrile group of

compound 6 into tetrazole followed by reacting compound

10 with a sodium salt of DTC 7h–q by stirring at RT (or

under microwave irradiation). It is obvious that the time

required for the formation of final compound 11h–q under

CN
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microwave irradiation was less. The reason for the for-

mation of only compound 8h–q and not 9h–q is the

nucleophilicity of anion of the sodium salt of DTC 7h–

q. This is so because, the negative charge of the anion is on

the sulphur which is larger in size than nitrogen. Hence, the

preferentially attack occurs through the sulphur on the

carbon bearing the bromine of compound 6 rather than the

nitrogen to form compound 8h–q only. The same obser-

vation can be made in case of conversion of compound 10

to 11h–q (Scheme 3).

Docking studies

Docking into AT1 receptor model

The molecular docking study was conducted to evaluate the

binding modes of synthesized molecules in a theoretical

human AT1 receptor protein enzyme in complex with

Lisinopril (PDB ID 1086) obtained from the Protein Data

Bank. The protein was prepared for docking by adding polar

hydrogen atom with Gästeiger–Hückel (Gasteiger and

Marsili 1980) charges and water molecules were removed.

The 3D structure of ligands was generated by SKETCH

module implemented in the SYBYL program (Tripos

International, St. Louis, USA 2012) and its energy-mini-

mized conformation was obtained with the help of Tripos

force field using Gästeiger–Hückel charges and molecular

docking was performed with Surflex-Dock program that is

interfaced with Sybyl-X 2.0. (Tripos International, St. Louis,

USA 2012) and other miscellaneous parameters were

assigned with the default values given by the software.

The docking study revealed that compounds 5g and 11l

act as very good ACE inhibitors. As depicted in the Figs. 4,

5 compound 5g makes seven hydrogen bonding interac-

tions at the active site of the enzyme (PDB ID 1086) with

highest C score 7.69. Among them five interactions are

came from the –NO2 group present at the para position of

phenoxy ring, i.e., oxygen atom of –NO2 group interacts

with hydrogen of TYR520, LYS511 and GLN281 (–NO2

———— H-TYR520, H-LYS511 and GLN281) and

nitrogen atom of –NO2 group makes an hydrogen bonding

interaction with hydrogen of TYR520 (N————H-

TYR520), –NH of tetrazole ring attached to biphenyl ring

makes hydrogen bonding interaction with hydroxyl group

of TYR523 (NH————OH-TYR523) and remaining

another hydrogen bonding interaction raised from the

N

NN O

N
H

N
NN

N
O

O TYR520,
LYS511,
GLN281

TYR520

TYR523

GLY2000

Fig. 4 Hydrogen bonding interaction of 5g at the active site of the

enzyme Lisinopril (PDB ID 1086)

Fig. 5 Docked view of compound 5g at the active site of the enzyme (PDB ID 1086)
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Fig. 6 Hydrogen bonding interaction of 11l at the active site of the

enzyme Lisinopril (PDB ID 1086)
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interaction of oxygen atom of phenoxy ring with hydrogen

of GLY2000 (O———H-GLY2000).

As depicted in Figs. 6 and 7 compound 11l makes four

hydrogen bonding interactions at the active site of the

enzyme (PDB ID 1086) with highest C score 5.77. The

nitrogen atom of tetrazole ring makes three hydrogen

bonding interactions with hydrogen of GLN281 and

TYR520 (N——H-GLN281 and H-TYR520) and another

interaction is from the hydrogen of a hydroxyl group with

the oxygen of ASN167 (O–H ——— O-ASN167).

Fig. 7 Interaction of compound 11l at the binding site of the enzyme (PDB ID 1086)

Table 1 Surflex docking score (kcal/mol) of the compounds 5a–g

Entry No. C score Crash score Polar score D score PMF score G score Chem score

5a 5.86 -1.16 5.36 -4437.25 -120.08 -174.34 -36.45

5b 7.05 -0.96 2.18 -4708.51 -102.75 -211.05 -41.64

5c 6.12 -0.98 2.10 -4631.18 -100.84 -205.13 -37.29

5d 6.87 -1.00 2.17 -4452.36 -95.45 -209.26 -37.84

5e 5.50 -1.04 5.23 -4428.18 -119.83 -174.20 -36.32

5f 7.27 -0.76 5.18 -4378.84 -118.30 -183.17 -34.21

5g 7.69 -1.07 2.82 -4528.82 -88.04 -218.36 -38.53

Table 2 Surflex docking score

(kcal/mol) of the compounds

11h–q

Entry No. C score Crash score Polar score D score PMF score G score Chem score

11a 4.25 -0.68 1.84 -2475.46 -78.15 -82.50 -24.67

11b 4.70 -0.70 1.95 -2484.52 -80.41 -83.43 -26.43

11c 3.82 -0.56 1.72 -1996.10 -76.00 -79.74 -25.06

11d 4.16 -0.62 1.88 -2381.86 -80.79 -81.56 -24.59

11e 5.77 -1.59 2.99 -2686.16 -60.30 -173.20 -29.67

11f 4.26 -1.48 2.09 -2462.54 -74.81 -80.74 -26.85

11g 4.86 -0.65 2.24 -4304.24 -69.24 -177.18 -28.48

11h 3.81 -1.10 1.92 -4416.59 -110.21 -193.26 -28.34

11i 4.08 -1.22 1.76 -4321.56 -106.18 -182.46 -27.76

11j 5.44 -0.77 2.15 -2272.59 -93.50 -72.35 -26.02

C score (consensus score) integrates a number of popular scoring functions for ranking the affinity of

ligands bound to the active site of a receptor and reports the output of total score, Crash score revealing the

inappropriate penetration into the binding site. Crash scores close to 0 are favorable. Negative numbers

indicate penetration, Polar score indicating the contribution of the polar interactions to the total score. The

polar score may be useful for excluding docking results that make no hydrogen bonds, D score for charge

and van der Waals interactions between the protein and the ligand, PMF score indicating the Helmholtz

free energies of interactions for protein–ligand atom pairs (potential of mean force, PMF), G score showing

hydrogen bonding, complex (ligand–protein), and internal (ligand–ligand) energies, Chem score points for

H-bonding, lipophilic contact, and rotational entropy, along with an intercept term
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Theoretical calculations of molecular docking studies

Molecular docking results are tabulated in Tables 1 and 2

for the compounds 5a–g and 11h–q. Compounds 5g and

11l showed higher docking scores. In Figs. 5 and 7 ato-

mistic details of the docking complexes from top docking

poses were represented for compound 5g and 11l.

Pharmacological assay

In vitro ACE inhibition

The synthesized compounds 5a–g and 11h–q were evalu-

ated for in vitro ACE inhibition analyses at three different

concentrations viz., 10, 50 and 100 lg. It was found that

compounds 11h–q showed better inhibition compared to

5a–g. Compound 5g (p-nitrophenoxytriazole) exhibited

69.25 and 78.10% inhibition at 50 and 100 lg concentra-

tion. Similarly, compounds 5f (o-chlorophenoxytriazole),

5e (o-chlorophenoxytriazole), 5a (phenoxytriazole) and 5d

(p-tolyloxytriazole) exhibited 53.59, 42.30, 40.00, 37.00%

at 100 lg concentration, respectively. Compound 11l with

2-(2-(piperazin-1-yl)ethoxy)ethanol) exhibited the potent

inhibition at 100 and 50 lg (82.00 and 80.45%). Also, the

compounds 11o (1,2,3-triazole), 11n (imidazole), 11i

(morpholine) and 11k (1-methylpiperazine) have exhibited

stronger ACE inhibition at higher concentration (100 lg)

viz., 81.40, 80.00, 75.61 and 72.62%, respectively. The

inhibitory potencies of the other compounds are repre-

sented in Figs. 8 and 9).
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Fig. 8 Bar graph of in vitro ACE inhibition of compounds 5a–g
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Fig. 9 Bar graph of in vitro ACE inhibition of compounds 11h–q

Table 3 Growth inhibition (GI%) in single dose assay (10-5 M

concentration) for compound 5b (NSC: D-789992/1)

Panel/cell line Growth inhibition (GI%)

Non-small cell lung cancer

A549/ATCC 8.54

EKVX 5.48

HOP-62 10.27

HOP-92 5.18

NCI-H226 0.64

NCI-H322M 9.29

NCI-H522 21.76

Colon cancer

HCT-116 9.23

KM12 7.29

CNS cancer

SF-268 5.60

SF-539 4.31

Melanoma

LOX IMVI 7.76

MALME-3M 26.50

UACC-62 9.55

Ovarian cancer

IGROV1 13.24

OVCAR-3 3.97

OVCAR-5 0.83

SK-OV-3 1.89

Renal cancer

786-0 3.15

CAKL-1 2.03

TK-10 1.38

UO-31 15.34

Prostate cancer

PC-3 7.03

Breast cancer

MCF7 3.55

BT-549 1.72

T-47D 16.99
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In vitro anti-proliferative activity at single high dose

concentration

The structures of synthesized compounds 5a–g and 11h–

q were submitted to National Cancer Institute, NIH,

Bethesda, USA for disease-oriented human cell lines

screening assay to be evaluated for their in vitro anti-pro-

liferative activity. Among these compounds 5b (NSC:

D-789992/1), 5e (NSC: D-789993/1) and 11j (NSC:

D-789991/1), 11o (NSC: D-789990/1) were passed the

selection method adopted by DTP NCI screening data and

consequently these were analyzed in vitro anti-proliferative

activity. A single dose (10-5 M) of the accepted compounds

was tested against a panel of approximately 60 tumor human

cell lines grouped in nine subpanels viz., breast, CNS, colon,

leukemia, melanoma, non small-cell lung, ovarian, renal,

and prostate tumors cell lines (Boyd and Paull 1995).

Results for each tested agents are reported as the percent

of growth (GI%) of the treated cells when compared to the

untreated control cells. The results of single dose screening

were analyzed by COMPARE program (http://dtp.nci.nih.

gov/docs/compare/compare.html).

The percentage growth inhibition (GI% = 100 - growth

percentage) of treated cell lines at 10-5 M concentration

with the compound 5b, 5e, 11j and 11o are given below: 5b

(p-methoxyphenyl): melanoma MALME-3M (GI% 26.50),

non-small lung cancer NCI-H522 (GI% 21.76, Table 3), 5e

(p-chlorophenyl): CNS-cancer SNB-75 (GI% 53.16), non-

small lung cancer NCI-H522 (GI% 7.72, Table 4). 11j (N-

methylpiperidine): colon cancer HT29 (GI% 32.74), non-

small lung cancer NCI-H522 (GI% 25.10, Table 5), 11o

(1,2,3-triazole): breast cancer MCF7 (GI% 41.84), NCI-

H522 (GI% 22.75, Table 6).

Anti-inflammatory activity

Inhibition of egg albumin denaturation

There are certain complications in using animals as a

model in in vivo experimental research such as ethical

disputes, lack of animal risk management, lack of main-

tenance and lack of ground work for their use. Therefore, in

the present study the protein denaturation bioassay was

selected for in vitro evaluation of anti-inflammatory

activity of synthetic compounds. Alteration of the native

Table 4 Growth inhibition (GI%) in single dose assay (10-5 M

concentration) for compound 5e (NSC: D-789993/1)

Panel/cell line Growth inhibition (GI%)

Non-small cell lung cancer

NCI-H23 2.33

NCI-H460 0.75

NCI-H522 7.72

CNS cancer

SF-539 0.56

SNB-75 53.16

Renal cancer

A498 2.80

UO-31 7.51

Breast cancer

MCF7 0.33

T-47D 1.25

Table 5 Growth inhibition (GI%) in single dose assay (10-5 M

concentration) for compound 11j (NSC: D-789991/1)

Panel/cell line Growth inhibition (GI%)

Leukemia

HL-60(TB) 10.03

Non-small cell lung cancer

EKVX 14.11

HOP-62 2.18

HOP-92 4.35

NCI-H226 1.63

NCI-H23 2.75

NCI-H460 3.04

NCI-H522 25.10

Colon cancer

HCT-116 8.29

HT29 32.74

KM12 4.28

CNS cancer

SF-268 3.33

SF-539 2.75

U251 0.81

Melanoma

LOX IMVI 5.74

MALME-3M 4.32

SK-MEL-2 2.06

UACC-62 1.82

Ovarian cancer

IGROV1 7.95

Renal cancer

786-0 3.01

A498 0.76

UO-31 14.78

Prostate cancer

PC-3 6.70

Breast cancer

MCF7 4.05

T-47D 5.52
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state of tissue proteins is one of the well-known causes of

inflammatory ailments. Synthesis of auto antigens in some

arthritic diseases is due to in vivo denaturation of proteins

(Opie 1962; Umapathy et al. 2010). The complexes that

can prevent protein denaturation subsequently would be

desirable for anti-inflammatory drug discovery. The

upsurges in absorbances of test samples with respect to

control displayed stabilization of protein, i.e., prevention of

heat-induced protein (albumin) denaturation by synthetic

complexes as standard drug diclofenac sodium (Jagtap

et al. 2011; Chougala et al. 2016). In the present anti-

inflammatory investigation we have taken aceclofenac as

standard drug. DTC 5a–g and triazole derivatives 11h–

q showed stronger inhibition of protein denaturation. It has

been noticed that one of the properties of several NSAIDs

is their capability to alleviate heat exposed albumin at the

physiological pH range of 6.2–6.5 (Williams et al. 2008).

Therefore, from the results of the present study it can be

concluded that synthetic compounds brought conspicuous

in vitro anti-inflammatory effect against the denaturation of

the protein. In addition, evidence-based studies are

required to regulate the mechanisms and components

behind its anti-inflammatory actions.

In the present study, in vitro anti-inflammatory activity

of synthetic compounds was evaluated. The results of anti-

inflammatory activity against egg albumin denaturation

assay can be found in Tables 7 and 8. The present results

revealed a concentration dependent inhibition of protein

(albumin) denaturation by synthetic compounds throughout

the concentration range of 31.25–1000 lg/ml. Aceclofenac

(at the concentrations 31.25–1000 lg/ml) was taken as a

standard drug. The compounds with electron-withdrawing

group NO2 and halogens such as p-Cl, and o-Br, enhanced

the inhibitory activity. On the contrary, other groups

decreased the inhibitory activity. The compounds 5e–g,

11h, 11i, 11k–m, 11o, 11q and 11p have strongly inhibited

the egg albumin denaturation compared with that of ace-

clofenac dose-dependent manner (31.25–1000 lg/ml). The

Table 6 Growth inhibition (GI%) in single dose assay (10-5 M

concentration) for compound 11o (NSC: D-789990/1)

Panel/cell line Growth inhibition (GI%)

Leukemia

CCRF-CEM 4.86

HL-60(TB) 10.18

K-562 8.76

MOLT-4 19.25

Non-small cell lung cancer

A549/ATCC 2.06

EKVX 3.51

NCI-H226 4.10

NCI-H23 1.21

NCI-H522 4.89

Colon cancer

COLO-205 22.75

HCC-2998 2.96

HCT-116 2.41

HT29 3.05

CNS cancer

SF-268 0.24

SF-539 2.14

Melanoma

LOX IMVI 3.79

UACC-62 0.11

Ovarian cancer

IGROV1 6.32

Renal cancer

786-0 1.91

TK-10 0.42

UO-31 12.05

Prostate cancer

PC-3 2.00

Breast cancer

MCF7 41.84

T-47D 7.96

Table 7 Percentage inhibition

of protein denaturation (egg

albumin) by compounds 5a–g

Entry No. Conc. (lg/ml) Aceclofenaca 5a 5b 5c 5d 5e 5f 5g

1 Control – – – – – – – –

2 31.25 8.4 11.8 11.3 7.0 8.5 9.8 35.4 0.27

3 62.50 18.5 18.8 17.0 12.9 13.7 14.5 47.2 31.2

4 125.00 23.5 23.6 22.0 20.0 19.6 20.2 33.0 40.0

5 250.00 24.7 27.9 27.8 37.1 20.3 21.6 38.5 44.0

6 500.00 37.0 32.7 30.6 38.0 21.8 22.7 45.6 51.2

7 1000.00 41.54 36.5 34.0 30.8 40.5 42.8 48.8 54.0

Values are expressed as the mean ± SD (n = 3)
a Aceclofenac was used as standard drug

A. Kamble et al.

123



maximum inhibition of denaturation was found in com-

pound with DTCs 11h–q. The binding of synthetic moi-

eties with that of protein (egg albumin) extended the time

required for denaturation and change in the native form of

egg albumin. The binding of synthetic molecules (5a–g and

11h–q) with that of protein (egg albumin) extended the

time required for denaturation and change in the native

form of egg albumin.

Red blood cell membrane stabilization assay

It may be said that, the probable mode of action of the

synthetic anti-inflammatory drugs could be associated with

binding to the erythrocyte membranes with subsequent

alteration of the surface charges of the cells. This might

have prevented physical interaction with aggregating

agents or promote dispersal by mutual repulsion of like

charges which are involved in the hemolysis of RBCs. The

synthetic compounds possess antioxidant activity and its

defense mechanism subsidizes RBC membrane stability

and function until cell lysis. Further, the mediators, such as

histamine, serotonin, slow reacting substances of anaphy-

laxis, prostaglandins, mutually enhance dilatation of blood

vessels and permeability which further lead to increased

blood flow, release of plasma proteins and fluids and

movement of leukocytes (Perianayagam et al. 2006;

Chaitanya et al. 2011; Anosike et al. 2012). In other studies

heat induced RBC membrane lysis was taken as a measure

of the mechanism of anti-inflammatory activity because

human RBC membranes are considered similar to lysoso-

mal membrane components (Mounnissamy et al. 2008). In

this research work, it was found that all the synthesized

compounds showed potent RBC membrane stabilization

activity with good percentage inhibition of hemolysis

against both hypotonic solution and heat-induced lysis.

The synthesized molecules 5a–g and 11h–q were sub-

jected to membrane stabilizing activity assays by suc-

ceeding standard protocols and the obtained results were

statistically represented in Tables 9 and 10 (at concentra-

tions 0.1 mg/ml) were significantly potent on human

Table 8 Percentage Inhibition

of protein denaturation (egg

albumin) by compounds 11h–q

Entry No. Conc. (lg/ml) 11h 11i 11j 11k 11l 11m 11n 11o 11p 11q

1 Control – – – – – – – – – –

2 31.25 25.7 41.6 24.2 25.5 10.9 10.9 38.5 36.1 34.7 30.6

3 62.50 44.2 44.7 40.5 27.3 35.4 35.4 40.8 40.0 35.4 36.4

4 125.00 53.9 49.6 51.0 32.7 39.3 39.3 43.7 44.4 39.4 39.4

5 250.00 57.3 52.5 52.6 47.7 47.7 47.7 48.1 48.8 43.0 43.0

6 500.00 59.4 55.5 56.4 50.5 52.2 52.2 51.9 50.3 46.7 46.7

7 1000.00 61.8 58.0 58.3 54.0 54.8 54.8 50.4 53.3 51.0 51.0

Values are expressed as the mean ± SD (n = 3)

Aceclofenac was used as standard drug and Percentage inhibition values are as provided in Table 7

Table 9 Effect of synthetic compounds on heat induced erythrocyte

membrane by compounds 5a–g

Entry No. Heated Unheated % Inhibition

of hemolysis

Control 0.362 0.044 –

5a 0.271 0.025 22.7

5b 0.255 0.031 31.8

5c 0.235 0.024 37.6

5d 0.249 0.028 36.5

5e 0.242 0.027 35.9

5f 0.242 0.032 36.4

5g 0.275 0.034 67.2

ASAa 0.470 0.032 36.1

Values are expressed as the mean ± SD (n = 3)
a Standard drug used was Acetyl Salicylic Acid (ASA)

Table 10 Effect of synthetic compounds on heat induced erythrocyte

membrane by compounds 11h–q

Entry No. Heated Unheated % Inhibition

of hemolysis

Control 0.362 0.044 –

11h 0.231 0.034 32.8

11i 0.336 0.024 7.70

11j 0.250 0.031 30.5

11k 0.306 0.034 17.1

11l 0.242 0.034 34.2

11m 0.267 0.026 28.3

11n 0.318 0.029 13.5

11o 0.321 0.032 12.5

11p 0.255 0.037 33.0

11q 0.271 0.038 28.1

ASAa 0.470 0.032 36.1

Values are expressed as the mean ± SD (n = 3)
a Standard drug used was Acetyl Salicylic Acid (ASA)
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Table 11 Antifungal activity of

triazole derivatives showing

zone of inhibition (mm) # of

compounds 5a–g

Entry No. Conc. (lg/ml) A. flavus A. niger C. albicans A. fumigatus

5a 50 21 ± 0.2 17 ± 0.1 18 ± 0.2 17 ± 0.2

25 13 ± 0.1 13 ± 0.2 12 ± 0.2 14 ± 0.2

5b 50 12 ± 0.2 16 ± 0.1 12 ± 0.2 12 ± 0.2

25 14 ± 0.2 13 ± 0.1 14 ± 0.2 13 ± 0.2

5c 50 16 ± 0.2 14 ± 0.1 16 ± 0.3 16 ± 0.3

25 14 ± 0.1 13 ± 0.2 13 ± 0.1 13 ± 0.1

5d 50 18 ± 0.2 19 ± 0.1 19 ± 0.2 18 ± 0.1

25 18 ± 0.1 18 ± 0.1 17 ± 0.1 16 ± 0.1

5e 50 19 ± 0.2 18 ± 0.1 18 ± 0.1 17 ± 0.1

25 17 ± 0.2 16 ± 0.1 16 ± 0.1 16 ± 0.1

5f 50 17 ± 0.1 17 ± 0.2 11 ± 0.1 12 ± 0.1

25 16 ± 0.2 12 ± 0.2 11 ± 0.1 12 ± 0.1

5g 50 18 ± 0.1 17 ± 0.2 18 ± 0.1 14 ± 0.1

25 12 ± 0.2 12 ± 0.2 12 ± 0.2 12 ± 0.2

Fluconazole 10 16 ± 0.1 18 ± 0.2 17 ± 0.2 18 ± 0.2

20 21 ± 0.2 20 ± 0.1 19 ± 0.2 22 ± 0.2

Values are expressed in mm, including the standard well size 6 mm. Mean ± SD

Standard drug used was Fluconazole

Table 12 Antifungal activity of

DTC derivatives showing zone

of inhibition (mm) # of

compounds 11h–q

Entry No. Conc. (lg/ml) A. flavus A. niger C. albicans A. fumigatus

11h 50 17 ± 0.2 14 ± 0.1 11 ± 0.2 12 ± 0.2

25 16 ± 0.1 12 ± 0.1 16 ± 0.2 16 ± 0.2

11i 50 17 ± 0.2 15 ± 0.2 16 ± 0.1 14 ± 0.1

25 14 ± 0.2 13 ± 0.2 13 ± 0.1 12 ± 0.1

11j 50 16 ± 0.2 15 ± 0.1 14 ± 0.2 13 ± 0.2

25 15 ± 0.1 14 ± 02 15 ± 0.2 15 ± 0.2

11k 50 16 ± 0.2 16 ± 0.1 15 ± 0.2 17 ± 0.2

25 15 ± 0.1 14 ± 0.2 15 ± 0.1 14 ± 0.1

11l 50 16 ± 0.2 15 ± 0.2 11 ± 0.1 14 ± 0.1

25 12 ± 0.1 12 ± 0.1 11 ± 0.2 13 ± 0.2

11m 50 14 ± 0.1 13 ± 0.2 13 ± 0.1 14 ± 0.1

25 12 ± 0.2 11 ± 0.1 11 ± 0.1 15 ± 0.1

11n 50 19 ± 0.1 19 ± 0.2 19 ± 0.2 18 ± 0.2

25 18 ± 0.2 17 ± 0.1 18 ± 0.1 17 ± 0.1

11o 50 16 ± 0.2 15 ± 0.2 15 ± 0.2 13 ± 0.2

25 14 ± 0.2 14 ± 0.1 13 ± 0.1 15 ± 0.1

11p 50 19 ± 0.2 18 ± 0.1 18 ± 0.1 17 ± 0.2

25 16 ± 0.2 16 ± 0.2 15 ± 0.2 16 ± 0.1

11q 50 18 ± 0.1 17 ± 0.2 17 ± 0.2 17 ± 0.1

25 15 ± 0.1 14 ± 0.1 15 ± 0.1 16 ± 0.1

Fluconazole 10 16 ± 0.1 18 ± 0.2 17 ± 0.2 18 ± 0.2

20 21 ± 0.2 20 ± 0.1 19 ± 0.2 22 ± 0.2

Values are expressed in mm, including the standard well size 6 mm. Mean ± SD

Standard drug used was Fluconazole

A. Kamble et al.

123



erythrocyte, effectively protecting it against hypotonic

solution and heat induced lyses, when compared with the

standard drug acetyl salicylic acid (0.1 mg/ml). The

molecules 5f (o-chlorophenyloxy), 5g (p-nitrophenyloxy)

groups appended to triazole ring and compounds 11h (with

piperidin-1-yl), 11l (2-(2-(piperazin-1-yl)ethoxy)ethanol)

and 11p (with benzimidazol-1-yl) (36.4, 67.2, 32.8, 34.2 and

33.0%) strongly inhibited RBC hemolysis in comparison

with standard drug acetyl salicylic acid showing (36.1%).

Antifungal activity

Antifungal activity of newly synthesized molecules 5a–

g and 11h–q were evaluated against three different fungal

species viz., A. fumigatus, A. flavus, A. niger and C. albi-

cans. Most of the compounds showed strong antifungal

activity at lower and higher concentration. The compara-

tive antifungal activity was evaluated against all the tested

fungal species. Compounds 5a (phenyloxy group on tria-

zole ring) and 11q (with N,N-diethylamino group) pre-

dominantly inhibited A. flavus at higher concentration of

50 lg/ml as compared to standard Fluconazole (disc

20 lg) showed inhibition zone of 21 ± 0.2 mm and

18 ± 0.1. Further, the molecules 5a (phenyloxy), 5f (o-

chlorophenyloxy), 5g (p-nitrophenyloxy), 11p (benzimi-

dazolin-1-yl) and 11q (N,N-diethylamino) showed potent

inhibitory activity against A. niger and showed zone of

inhibitions of 17 ± 0.1, 17 ± 0.2, 17 ± 0.2, 18 ± 0.1 and

17 ± 0.2 mm, respectively in comparison with standard

Fluconazole (18 ± 0.2, 20 ± 0.1 mm). The synthesized

derivatives were further evaluated for antifungal efficacy

against C. albicans and A. fumigatus. Interestingly, the

compounds (5a (phenyloxy), 5e (p-chlorophenyloxy), 11p

(benzimidazolin-1-yl) and 11q (N,N-diethylamino) inhib-

ited C. albicans at higher concentration level of (50 lg/ml)

and also the growth of A. fumigatus was inhibited by

compounds (5a (phenyloxy), 5e (p-chlorophenyloxy), 11k

(1-methylpiperazinyl) and 11p (benzimidazolin-1-yl) as

compared with that of reference Fluconazole showing zone

of inhibition (18 ± 0.2, 22 ± 0.2 mm). Most of the

derivatives possess much stronger antifungal activities in

comparison with that of Fluconazole being in clinical use.

Hence, there is more chance to explore the ability of syn-

thetic compounds to combat fungal growth (Tables 11, 12).

Conclusions

We have successfully accomplished the design and syn-

thesis of new 5-(40-{[4-(aryloxymethyl)-1H-1,2,3-triazol-1-yl]

methyl}[1,10-biphenyl]-2-yl)-1H-tetrazoles 5a–g and [20-
(1H-tetrazol-5-yl)[1,10-biphenyl]-4-yl]methyl substituted-

1-carbodithioates 10h–q. These compounds were evaluated

for their antiproliferative, anti-inflammatory (model as

inhibition of egg albumin denaturation, RBC membrane

stabilization study) and antifungal assays. These studies

have shown that many compounds were found to be the

most potent from both the series and exhibited excellent

activity. Hence, it can be concluded that these are potent

lead compounds for drug discovery.
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Evaluation of neuroprotective effect 
of quercetin with donepezil in 
scopolamine‑induced amnesia in rats
Laxmi Adiveppa Pattanashetti, Ashok D. Taranalli, Vinay Parvatrao, 
Rohit H. Malabade, Dushyant Kumar1

Abstract:
Objective: The objective of this study was to evaluate the neuroprotective effect of quercetin with donepezil in 
scopolamine-induced amnesia in rats.

Materials and Methods: Five groups of adult male Wistar rats (12 months old) weighing 180–200 g (n = 6) 
were used. The normal control group received normal saline and test group animals were pretreated 
orally with quercetin (25 mg/kg), donepezil (3 mg/kg), and a combination of quercetin (25 mg/kg) with 
donepezil (3 mg/kg), respectively, dosed at every 24 h interval for 14 consecutive days, afterward amnesia was 
induced by scopolamine (3 mg/kg) on the 14th day through intraperitoneal route. Cognitive performance was 
assessed by the Morris water maze, elevated plus maze, and passive avoidance paradigm. Acetylcholinesterase 
enzyme (AchE) level, biochemical markers such as lipid peroxidase (LPO), glutathione (GSH), β amyloid1-42 level, 
and histopathological study of rat brain were estimated. Statistical analysis was done by one-way analysis of 
variance, followed by Dunnett’s post hoc test. P ≥ 0.05 was considered statistically significant.

Results: Pretreatment with quercetin, donepezil, and their combination showed a significant increase in escape 
latency, step-through latency, and decreased transfer latency in respective cognitive models of the Morris water 
maze, passive avoidance test, and elevated plus maze. Further coadministration significantly decreased AchE 
level, β amyloid1-42 level as compared to individual therapy. Biochemical markers such as elevated GSH, decreased 
LPO were observed, and histopathological studies revealed the reversal of neuronal damage in the treatment 
group (P < 0.05) as compared to scopolamine-treated control group.

Conclusion: Pretreatment with quercetin potentiates the action of donepezil in scopolamine-induced amnesia in 
rats. The improved cognitive memory could be due to the synergistic effect of the drugs by decreasing AchE 
level, β amyloid1-42 level, and antioxidant action in rat brain.

Key words:
Acetylcholinesterase enzyme, amnesia, donepezil, quercetin, scopolamine

Alzheimer’s disease (AD) is the most common 
form of dementia considered as progressive, 

neurodegenerative disease characterized by 
the presence of senile plaques rich in insoluble 
aggregate of beta‑amyloid and neurofibrillary 
tangles in the brain.[1] Factors such as decreased 
acetylcholine level, oxidative stress, and 
hypercholesterolemia have been reported in 
memory decline.[2] Currently, 30 million people 
are affected worldwide by dementia with 4.6 
million cases annually as per AD International 
analysis.[3]

Many acetylcholinesterase inhibitor drugs are 
available in the market to treat, but they have 
modest benefits and associated with side effects; 
hence, different drugs are aiming at diverse 

targets which are expected to act better than 
single targeting agents to treat AD.[4] Donepezil, 
a reversible noncompetitive cholinesterase 
enzyme inhibitor considered as first‑line 
treatment in AD which is evident from recent 
report of “cholinergic anti‑inflammation” 
pathway, is responsible for neuroprotective 
effect;[5] however, its beneficial effect on 
memory is temporarily for 36 weeks and the 
progression of AD cannot be reversed or 
modified for long time;[6] hence, noncholinergic 
therapies are also needed to overcome these 
problems.

Quercetin is flavonol, type of flavonoid abundantly 
found in apples,[7] black tea,[8] etc. Quercetin 
reported to show a promising effect in the treatment Address for 
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of AD and oxidative stress‑related neurodegenerative disease by 
acting as an antioxidant.[9]

Scopolamine, a cholinergic antagonist, impairs learning and 
memory which is a characteristic manifestation of dementia;[10] 
hence, in this study, scopolamine‑induced amnesia was used 
as an experimental model.

Literature survey indicates that there is a paucity of evidence 
regarding the synergistic effect of quercetin with AchE 
inhibitor donepezil to reverse the progression of AD in 
animal experimental model. Hence, the present study was 
conducted to evaluate the effect of quercetin with donepezil 
in scopolamine‑induced amnesia in rats.

Materials and Methods

Animals
Healthy male Wistar rats (12 months old) weighing 180–200 g 
were used in this study. They were housed in cages in groups of 
six per cage and maintained under natural light and dark cycle 
and standard laboratory conditions. They were acclimatized 
for a week before the experiment in the departmental animal 
house. The rats were fed with standard rat chow pellet and 
water ad libitum. All the experimental procedures were carried 
out in accordance with the CPCSEA guidelines. The study 
was reviewed and approved by the Institutional Animal 
Ethics Committee, KLECOP/IAEC/Res. 20‑09/08/2014, for 
conducting this study.

Experimental Protocol
Rats were divided into five groups (n = 6/group); Group I – normal 
control, Group II – disease control (scopolamine hydrobromide 
3 mg/kg, i.p.), Group III – Scopolamine + quercetin (25 mg/kg, 
p.o.), Group IV – standard treatment (scopolamine + donepezil 
hydrochloride 3 mg/kg, p.o.), and Group V – scopolamine 
+ quercetin (25 mg/kg, p.o.) + donepezil (3 mg/kg, p.o.). 
Group III, IV, and V rats were dosed every 24 h interval with 
respective drugs for 14 consecutive days. The acquisition 
trail for Morris water maze, elevated plus maze, and passive 
avoidance paradigm was carried out on the 14th day, and 
scopolamine (3 mg/kg, i.p.) was administered on the 14th day 
after the acquisition trail to all groups except normal control 
group, which provoked the cognitive impairment in rats. 
Retention of memory was tested on the 15th day, and on the 
same day, rats were sacrificed and brain tissues were isolated 
to estimate acetylcholinesterase enzyme (AchE) and brain 
oxidative stress markers such as lipid peroxidase (LPO), 
glutathione (GSH) (reduced). ELISA kit was used to estimate 
β amyloid (Aβ1‑42) level. The hippocampus of rat brains was 
dissected out and studied for histopathological changes.

Screening Methods for Amnesia
Morris water maze
Screening model of Morris Water Maze was carried out by the 
method of Chakravarthi and Avadhani.[11] in which each rat was 
subjected to four acquisition trials per day for 4 consecutive 
days and their memory was tested on the 5th day. One day 
before the test, each rat was placed in the pool for 60 s; this 
free swim enabled the rat to become habituated to the training 
environment. If the rat did not find the platform in 120 s, it was 
manually placed on the platform for 30 s for rest. Whereas on 

day 5, time spent in the target quadrant (Q4) served as an index 
of retrieval or memory.

Elevated plus maze
Screening for index of improvement of memory in rat was carried 
out using elevated plus maze by the method of Vijayalakshmi 
et al.[12] In acquisition trail, each rat was placed at the end of an 
open arm facing away from the center. The time taken to enter 
any one of the closed arms was recorded as transfer latency. 
Cutoff time allotted for each rat was 180 s, and the retention 
trial was carried out 24 h after the first trial, transfer latency was 
recorded in a similar manner as mentioned before. Shortened 
transfer latency was considered as an index of improvement 
of memory.

Passive shock avoidance test
The passive avoidance test was conducted using the method 
of Pitchaimani et al.[13] In acquisition trail, each rat was placed 
in the illuminated Compartment, and 10 s later, the guillotine 
door was raised. Rat on entering the dark compartment, the 
door was closed, and a 50 Hz, 1 mA constant current shock was 
applied for 2 s. Each rat was retrained in the apparatus and 
received foot‑shock if it entered the dark compartment in 120 s. 
Acquisition trail was terminated when the rat remained in the 
light compartment for 120 s. The retention trail was screened on 
the 15th day, by placing the animal into the light compartment 
and recording latency to enter the dark compartment. This 
escape latency served as a measure of retention performance 
of the step‑through avoidance response.

Collection of Brain Sample
After behavioral testing (retrieval) by screening models of 
memory, the animals were sacrificed by cervical dislocation. 
The whole brain was carefully removed from the skull and 
weighed. 10% w/v brain homogenate was then prepared 
by homogenizing it in ice‑chilled phosphate buffer (pH 8, 
0.1M). The homogenate was subsequently centrifuged using 
a refrigerated centrifuge at 3000 rpm for 10 min, and the 
supernatant was separated and used for the biochemical 
estimations.

Estimation of Acetylcholinesterase Enzyme in Brain
AchE present in the brain was estimated using the method of 
Ellman et al.[14] The rate of moles of substrate hydrolyzed per 
min per gram of tissue was calculated.

Estimation of Lipid Peroxidation in Rat Brain
LPO was determined by estimation of malondialdehyde (MDA) 
levels expressed as nanomoles of MDA/mg of protein, 
described by Ohkawa et al.[15]

Estimation of Reduced Glutathione
GSH level was measured by the method of Ellman and Lysko.[16] 
GSH level was expressed in μmoles/mg of tissue.

Estimation of β – Amyloid (Aβ1‑42)
The measurement of rat Aβ1‑42 levels was conducted according 
to the manual of sandwich ELISA kit for rat Aβ1‑42 (YH 
Bioresearch Laboratory, Shanghai, China). Rat brain was 
homogenized in phosphate buffer (pH 7.4) and centrifuged at 
5000 g, and the supernatant was used for the detection of Aβ1‑42. 
Standard curve analysis was run in parallel to test samples. 

[Downloaded free from http://www.ijp-online.com on Thursday, March 09, 2017, IP: 182.48.231.192]



Pattanashetti, et al.: Quercetin with donepezil in scopolamine‑induced amnesia

62 Indian Journal of Pharmacology ‑ Volume 49 | Issue 1 | January‑February 2017

normal group (0.3906 ± 0.02). Quercetin (P < 0.01; 0.47 ± 0.05), 
donepezil (P < 0.001; 0.48 ± 0.06), and a combination of these 
two drugs (P < 0.01; 0.43 ± 0.05) significantly increased the 
level of reduced GSH as compared to scopolamine‑treated 
group [Figure 3].

Effect of quercetin and donepezil on β amyloid1‑42 level in brain 
homogenate
The scopolamine‑treated rats showed a significant increase in 
the concentration of Aβ1‑42 (P < 0.001; 146.2 ± 1.74) as compared 
to the normal group (43.21 ± 3.46). The groups treated 
by quercetin (P < 0.01; 71.67 ± 17.57), donepezil (P < 0.01; 
82.23 ± 6.02), and combination of these two drugs (P < 0.01; 
76.44 ± 12.66) significantly decreased the concentration of Aβ1‑42 
as compared to scopolamine‑treated group [Figure 4].

Histopathology of rat brain (Hippocampus)
In ×40 magnification, the scopolamine‑treated group showed 
severe damage of the neurons along with hippocampal edema, 
pyknotic cells. The groups treated with quercetin and donepezil 
protected neurons and showed mild hippocampal edema as 
compared to diseased group [Figure 5].

Discussion

The present study evaluates the effect of quercetin (25 mg/kg) 
with donepezil (3 mg/kg) in scopolamine‑induced amnesia 
in rats. Screening methods such as the Morris water maze, 
elevated plus maze, passive avoidance paradigm were 
performed to screen the effect of drugs. Furthermore, using 
rat brain homogenate AchE level, brain oxidative markers, and 
β amyloid1‑42 level, histopathological studies were performed.

The absorbance was measured in the multi‑scan spectrum 
spectrophotometer (Thermo Scientific, Multiskan GO) at optical 
density 450 nm. All the readings were performed in triplicate.

Histopathological Studies
Rats’ brains were collected after sacrifice and fixed in 10% 
neutral buffered formalin. Subsequently, brain tissues were 
further kept in 10% neutral buffered at 48°C. Then, the 
brains were routinely embedded in paraffin and stained with 
hematoxylin‑eosin. The hippocampal lesions were assessed 
microscopically at ×40 magnification.[17]

Statistical Analysis
Results were analyzed by one‑way analysis of variance, 
followed by Dunnett’s post hoc test using GraphPad Prism 
software and expressed as mean ± standard error of 
mean (n = 6). P ≥ 0. 05 was considered statistically significant.

Results

Effect of Quercetin with Donepezil on Screening Models
Quercetin (25 mg/kg) with donepezil (3 mg/kg) administered 
in scopolamine‑induced amnesia in rats showed a significant 
reduction in transfer latency and a significant increase in escape 
latency and the time spent in target quadrant. All the treatment 
groups are compared with scopolamine‑induced amnesia, 
normal control group [Table 1].

Effect of Quercetin and Donepezil on Acetylcholinesterase 
Enzyme Level in Rat Brain Homogenate
Scopolamine administration alone significantly increased 
the activity of AchE (7.98 ± 0.065; P < 0.001) when compared 
to the normal group (3.06 ± 0.296). Quercetin (3.46 ± 0.16; 
P < 0.001), donepezil (3.75 ± 0.530; P < 0.001), and a combination 
of quercetin with donepezil treatment groups (3.29 ± 0.14; 
P < 0.001) significantly decreased levels of AchE as compared 
to scopolamine‑treated group [Figure 1].

Biochemical Estimation
Antioxidant effects of quercetin and donepezil in scopolamine‑induced 
amnesia in rats
The animals treated with scopolamine reported a significant 
increase (34.61 ± 4.85; P < 0.01) in levels of MDA as compared to 
the normal group (12.82 ± 2.86). Simultaneously, the rats treated 
with quercetin (P < 0.001; 14.10 ± 1.95), donepezil (P < 0.001; 
19.23 ± 1.65), and a combination of these two drugs (P < 0.001; 
15.36 ± 1.28) significantly reduced the level of MDA as 
compared to scopolamine‑treated group [Figure 2].

Effect on reduced glutathione in rat brain
The scopolamine‑treated group showed significant decrease in 
reduced GSH level (P < 0.001; 0.1504 ± 0.03) as compared to the 

Figure 1: Estimation of acetylcholinesterase activity in rat brain homogenate in 
Scopolamine induced amnesia. Values represent the mean ± standard error of 
mean for (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001 as compared to disease 

control group

Table 1: Effect of quercetin and donepezil alone and in combination on Morris water maze, elevated plus maze 
and passive avoidance test in scopolamine‑induced amnesia in rats
Groups Time spent in target quadrant (sec) Transfer latency (sec) Escape latency (sec)
Normal control 6.28±0.2682 8.93±1.808 26.83±2.12
Disease control Scopolamine (3 mg/kg) 1.353±0.1370* 24.83±3.349** 11.5±3.063**
Quercetin (25 mg/kg) 7.515±0.2516*** 10.68±0.665*** 24.67±2.108***
Standard control Donepezil (3 mg/kg) 7.627±0.2708*** 10.08±1.667*** 19.33±1.333*
Quercetin (25 mg/kg) + Donepezil (3 mg/kg) 9.077±1.312*** 8.6±0.4914*** 19±1.033*
Values represent in mean±SEM (n=6).*P<0.05,**P<0.01,***P<0.001 as compared to disease control group. SEM=Standard error of mean
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In the screening models of learning and memory, the combined 
effect of quercetin with donepezil showed a significant 
decrease in transfer latency and increase in step‑through 
latency; these results were correlated with the previous reports 
of Sonkusare et al.[18]

In the Morris water maze, mean time spent by animals in the 
target quadrant was significantly increased as compared to 
individual therapy, which was correlated with the previous 
reports of Cachard‑Chastel et al.[6] These results suggest an 
improvement in the retrieval of memory in rats as compared 
to individual treatment.

One of the most promising therapies to treat a cognitive deficit 
in AD is to increase the cholinergic activity and inhibition of 
AchE enzyme.[19] In this study, donepezil significantly reduced 
the level of AchE which, in turn, increased the availability of 
acetylcholine for improving memory, increased GSH level, and 
marked reduction in MDA level which were correlated with the 
previous reports of Zaki et al.[20] Interestingly, coadministration 
of quercetin with donepezil potentiates the action of donepezil.

In neurodegenerative disease, brain is especially vulnerable to 
oxidative damage, due to the imbalance between the generation 
of oxygen free radicals and antioxidant defense system. In this 

study, MDA level was elevated while a decrease in GSH level 
was observed in scopolamine‑treated group which indicated 
oxidative damage in the brain. On the other side, pretreatment 
with quercetin, donepezil, and their combination significantly 
reversed the endogenous antioxidant enzymes and decreased 
oxidative damage. These results were consistent with the 
previous reports of Singh et al.[21]

Cognitive impairment is characterized by plaque deposition in 
extracellular spaces by aggregation of β amyloid protein in the 
brain tissue, and β amyloid142 is found predominantly in the 
brain. Extracellular deposition of β amyloid is considered as a 
biomarker for AD.[22] Administration of quercetin with donepezil 
for 14 days showed a marked reduction in β amyloid1‑42 level as 
compared to individual treatments. This result was consistent 
with the previous reports of Ansari et al.[23] Hence, combination 
treatment may be used in delaying onset and reduce the severity 
of AD. Histopathological study of rat brain proved damaging 
in scopolamine‑treated group which showed neuronal 
damage (neuronal death), hippocampal edema, pyknotic cells, 
and neural fibrillary tangles, while groups pretreated with 
quercetin, donepezil, and combination protected neurons by 
reversing the damage induced by scopolamine.

Figure 3: Effect of quercetin and donepezil on glutathion level in rat brain 
homogenate. Values represent the mean ± standard error of mean (n = 6). 
*P < 0.05, **P < 0.01, ***P < 0.001 as compared to disease control group

Figure 4: Effect of quercetin and donepezil on Aβ1‑42 level in rat brain 
homogenate. Values represent the mean ± standard error of mean (n = 6). 
*P < 0.05, **P < 0.01, ***P < 0.001 as compared to disease control group

Figure 2: Effect of quercetin and donepezil on malondialdehyde level in rat brain 
homogenate. Values represent the mean ± standard error of mean for (n = 6). 

*P < 0.05, **P < 0.01, ***P < 0.001 as compared to disease control group

Figure 5: Histopathology of rat brain (hippocampus) (a) normal control, (b) disease 
control, (c) quercetin treatment, (d) donepezil treatment, (e) quercetin + donepezil 

treatment
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Hence, these findings suggest that the pretreatment of quercetin 
with donepezil may act synergistically to enhance memory and 
learning in a scopolamine‑induced amnesia model by reversing 
the oxidative stress, decreasing the AchE level and β amyloid1‑42 
level in rat brain which may be the probable mode of actions 
for its beneficial effect as compared to the individual treatment. 
Thus, multi‑drug therapy would be interesting to get the best 
response in the treatment of AD.

Conclusion

The present study concludes pretreatment with quercetin 
potentiates the action of donepezil in scopolamine‑induced 
amnesia in rats. The observed neuroprotective and improved 
cognitive could be due to the synergistic effect of the drugs by 
decreasing the AchE level, β amyloid1‑42 level, and antioxidant 
action in rat brain; hence, this could be an adjuvant therapy for 
treatment of dementia. Further clinical evaluation is needed 
to establish therapeutic value in the treatment of dementia.
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Effect of Angelica glauca essential oil 
on allergic airway changes induced 
by histamine and ovalbumin in 
experimental animals
Shilpa Sharma, Vijaykumar P. Rasal, Paragouda A. Patil1, Rajesh K. Joshi2

Abstract:
Objective: Angelica glauca Edgew (Apiaceae) is used in traditional medicine for treatment of several diseases 
including bronchial asthma. The present investigation was aimed to evaluate broncho-relaxant activity of A. glauca 
essential oil in histamine and ovalbumin (OVA)-induced broncho constriction in experimental animals.

Materials and Methods: Airway was induced using histamine aerosol in guinea pigs (n = 24) and OVA aerosol 
in albino mice (n = 24). The number of inflammatory cells, namely, absolute eosinophils count in blood, total 
immunoglobulin E (IgE) in serum, eosinophils, and neutrophils in bronchoalveolar lavage fluid (BALF) and 
histopathological examination of lung tissues were investigated in A. glauca oil and dexamethasone-treated 
groups. A. glauca oil 200 μL/kg was given orally, and dexamethasone 2 mg/kg was given intraperitoneal. Both 
the treatments were repeated daily for 7 days. Results were analyzed by one-way ANOVA, and P ≤ 0.05 was 
considered statistically significant.

Results: Treatment with A. glauca essential oil significantly (P < 0.001) increased the time of preconvulsive 
dyspnea in histamine-induced guinea pigs. Oral treatment of A. glauca oil significantly (P < 0.001) decreased 
absolute blood eosinophil count (from 325 ± 3.69 to 200 ± 3.05 cells/mm3), serum level of IgE (from 6.10 ± 0.05 
to 0.70 ± 0.08 IU/L), and the number of eosinophils (from 11.0% ±1.41% to 3.0% ±0.51%), neutrophils (from 
13.0% ±1.12% to 5.0% ±1.39%) in BALF. Histopathological changes observed in lungs of untreated group were 
marked suppressed by treatment with A. glauca oil.

Conclusion: The essential oil of A. glauca has bronchorelaxation in both histamine and OVA-induced 
bronchoconstriction in animals. The traditional use of A. glauca against asthma could be attributed to its 
bronchodilator property as observed in the present study.

Key words:
Angelica glauca, bronchorelaxation, histamine, ovalbumin

Bronchial asthma, a chronic disease involving 
the airways affects people of all ages, but it 

often starts during childhood. Bronchial asthma 
is a substantial health burden, often affecting 
quality of life, not only due to its physical 
effects but also its psychological and social 
effects.[1] Asthma can be classified as allergic 
asthma, caused by exposure to an allergen 
and nonallergic asthma caused by stress, 
exercise, illnesses like a cold or flu or exposure 
to extreme cold weather, irritants in the air, 
or some medications.[2] Bronchial asthma is 
characterized by inflammation of the bronchial 
tubes with increased production of sticky 
secretions inside the tubes. Currently, available 
treatments for asthma are managed using beta‑2 

agonists, anticholinergics, methylxanthines, 
mast cell stabilizers, leukotriene antagonist, 
glucocorticoids, anti‑immunoglobulin E (IgE) 
antibody such as omalizumab are also used. 
Moreover, these drugs are associated with 
several adverse effects, such as muscle tremors, 
restlessness, hypotension, hyperglycemia, 
tachycardia, flushing, convulsions, mood 
changes, and adrenal crisis.[3] To minimize or 
possibly prevent these side effects, alternative, 
and complementary medicine is being sought. 
Some essential oils obtained from plants have 
been traditionally used in respiratory tract 
infections. Inhalation of vapors of essential oils 
augmented anti‑inflammatory effect on trachea 
and reduces asthma.[4]
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The genus Angelica is an important medicinal and aromatic 
plant used in traditional medicine to treat various diseases. 
It is locally known as chora or gandrayan. The plant is 
found in Western Himalaya and ranks third on the list of 52 
medicinal plants prioritized for consultation and conservation. 
Angelica glauca Edgew (Apiaceae) is considered to be crucially 
endangered and need to be conserved.[5] Traditionally, A. glauca 
is used in medicines, aromatic spices, and condiments. A. glauca 
has high global and domestic demands for the preparation of 
various drug formulations. In traditional medicine, the plant 
A. glauca is used in typhoid, bronchitis, flatulence, colic, and 
stomach pain.[6]

The essential oil of A. glauca has been reported to contain 
β‑phellandrene, (Z)‑ligustilide,[7] methyl octane, limonene, 
β‑phellandrene, β‑pinene, (Z)‑ligustilide,[8] α‑phellandrene, 
β‑pinene, thujene, β‑caryophyllene, β‑bisabolene, germacrene D 
with oxygenated terpenes such as trans‑carveol, β‑caryophyllene 
oxide,[9] α‑phellandrene, β‑pinene, β‑caryophyllene[10] as the 
major constituents. Various biological activities, namely, 
antioxidant, antimicrobial,[11] antifungal,[10] and insecticidal[12] 
have been reported. The essential oil of A. glauca has not been 
explored for its effect in asthma. Therefore, the aim of the present 
study was to evaluate effects of A. glauca in bronchoconstriction 
induced by histamine and ovalbumin (OVA) in experimental 
animals.

Materials and Methods

Reagents
The following reagents were commercially purchased and 
used: OVA (Sigma‑Aldrich, USA), aluminium hydroxide 
(HiMedia Pvt., Ltd., Mumbai, Maharashtra, India), histamine 
dihydrochloride, tween 80 (HiMedia Pvt., Ltd., Mumbai, 
Maharashtra, India), dexamethasone (Centaur pharmaceuticals, 
Goa, India), Turk solution (NICE Chemical Pvt., Ltd., Cochin, 
Kerala, India), disodium ethylenediamine tetraacetic 
acid (EDTA‑2Na), and A. glauca oil (Kshipra Biotech Private 
Limited, Indore, India).

Animals
The female Guinea pigs (400–600 g) purchased from 
J. N. Medical College, Belagavi, Karnataka, India and were 
housed in laboratory conditions (temperature 22°C ± 2°C 
and humidity 55% ±5%) for a week in 12:12 h light: Dark 
cycle before starting experimentation. The female albino mice 
(18–25 g) were purchased from Sri Venkateshwara Enterprises, 
Bengaluru, Karnataka, India and were treated similarly 
as Guinea pigs, before experimental study. The study was 
initiated after protocol approved by the Institutional Animal 
Ethics Committee. All the experiments were conducted in strict 
compliance with the ethical principles and guidelines provided 
by Committee for the Purpose of Control and Supervision of 
Experiments on Animals (CPCSEA) (KLECOP/IEAC/Res. 
22‑10/10/2015).

Toxicity Study
Acute toxicity for this edible plant has been reported to 
be − 2.2 g/kg for mice and 11.2 g/kg for rat.[13] As per the IAEC 
advise to avoid duplication of studies, acute toxicity studies 
were not carried out, and two doses 200 and 400 μL/kg were 
used in the present study.

Chromatographic Analysis of the Essential Oil of Angelica 
glauca
The chemical composition of the essential oil was analyzed 
using a gas chromatograph (GC) (Varian 450 fitted with a 
fused silica capillary column TG‑5 (30 m × 0.25 mm id, 0.25 μm 
film thickness) under the experimental conditions reported 
earlier.[14,15] The oven temperature was programmed from 60°C 
to 220°C at 3°C/min, using nitrogen as carrier gas. The injector 
and the flame ionization detector temperature were set at 
230 and 240°C, respectively. GC‑mass spectrometer (GC‑MS) 
analysis was employed a Thermo Scientific Trace Ultra 
GC interfaced with a Thermo Scientific ITQ 1100 MS fitted 
with a BP‑1 fused silica capillary column (30 m × 0.25 mm;  
0,25 mm id 0.25 μm film thickness). The oven and injector 
temperature were same as used for GC, and helium was 
used as carrier gas at 1.0 mL/min for analysis. The injection 
volume was 0.1 μL in n‑hexane, with a split ratio of 1: 50. 
MS was taken at 70 eV with a mass range of m/z 40–450, 
and other parameters used were those reported earlier.[16,17] 
The major constituent of the essential oil of A. glauca was 
identified and confirmed (co‑injection of commercial sample 
from Sigma‑Aldrich, India (≥98% purity).

Histamine‑induced Bronchoconstriction in Guinea Pigs
Bronchospasm was induced in each guinea pig by exposing to 
1% histamine aerosol under constant pressure (1 kg/cm2) in 
an aerosol chamber (24 cm × 14 cm × 24 cm) made of perplex 
glass, and the time for onset of dyspnea which indicates 
preconvulsive time (PCT) was noted on day 0 as basal value. 
As soon as, the preconvulsion dyspnea (PCD) was recorded, 
the animals were removed from the chamber and positioned 
in fresh air to recover. After determination of PCD, the animals 
were randomly divided into four groups (n = 6 in each): group I 
negative control, received normal saline orally; Group II 
received intraperitoneal (i.p.) injection of dexamethasone 
2 mg/kg (standard drug) once daily for 7 days, Group III and 
IV received orally A. glauca oil at the dose of 200 μL/kg and 
400 μL/kg once daily on 7th day 2 h after the last dose, all the 
groups were subjected to histamine aerosol and the time for 
the onset of PCT was recorded.[18] The percent increase in the 
time of PCT was calculated using following formula.

Percentage increase in time of PCT = (1 − T1/T2) ×100

Where; T1 = time for PCT on day 0, T2 = time for PCT on day 7.

Ovalbumin‑sensitization in Mice
Female mice were randomly divided into four groups (n = 6 in 
each), normal, negative control, dexamethasone, and A. glauca 
oil treatment groups. Except normal mice, other groups were 
sensitized by i.p. injection of 50 μg OVA and 1 mg aluminum 
hydroxide in 200 μL of phosphate‑buffered saline (PBS) on 
day 1 and day 7. Group I was given normal saline for 14 days. 
After sensitization, from day 8 to day 14 group II was given 
only OVA aerosols (1% w/v) in PBS for 30 min every day. 
Group III was given injection dexamethasone (2 mg/kg) i.p. 
injection daily for 7 days along with OVA aerosols. A. glauca 
oil was given orally to group IV at a dose of 200 μL/kg for 
7 days along with OVA aerosols. On day 15, 24 h after the final 
allergen aerosol animals were sacrificed by over anesthesia to 
collect cardiac blood on EDTA bulbs for differential cell counts 
by staining with a modified Giemsa stain. Lung lavaging 
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comparable to that of dexamethasone (standard drug)‑treated 
group [Table 1].

Effect of the Essential Oil of Angelica glauca on Absolute 
Eosinophil Count in Blood
Control group showed maximum increase in eosinophil count 
24 h after the final exposure of OVA. A. glauca oil‑treated group 
at the dose of 200 μL/kg significantly (P < 0.001) decreased 
inflammatory cell in blood [Figure 2a].

Effect of the Essential Oil of Angelica glauca on Serum 
Immunoglobulin E Level in Ovalbumin‑sensitized Mice
Antigens are known to induce antigen‑specific IgE antibody 
production. Repeated OVA inhalation significantly (P < 0.001) 
increased on the day 15 (immediately after the final OVA 
challenge) the total serum level of IgE. The treatment with 
essential oil of A. glauca significantly (P < 0.001) decreased the 
serum IgE at a dose of 200 μL/kg [Figure 2b].

Effect of Angelica glauca Essential Oil on Inflammatory Cells 
in Bronchoalveolar Lavage Fluid
After challenging with OVA, the levels of inflammatory cells 
including eosinophils and neutrophils were significantly 
(P < 0.001) increased as compared with normal group. However, 
with A. glauca essential oil treatment, the inflammatory cells 
were significantly (P < 0.001) decreased as compared to that of 
untreated and was almost comparable to that of dexamethasone 
group [Figure 2c and d].

was performed for collection of bronchoalveolar lavage 
fluid (BALF). The trachea was aspirated (3 times) with PBS 
until 2 mL of BALF was collected. BALF from each animal was 
pooled in a plastic tube, cooled in ice, and centrifuged (2 g) 
at 4°C for 10 min. Cell pellets were resuspended in the same 
buffer (1 mL). A portion of the cell suspension was mixed with 
Turk solution, and cells were counted in a hemocytometer. 
The lungs were dissected out along with bronchia for 
histopathological studies.

Measurement of Immunoglobulin E Levels in Serum
The serum level of OVA‑specific IgE was measured by ELISA 
kit using commercially available reagents, according to the 
manufacturer’s instructions. The detection limit was 0.1 ng/mL 
for IgE.

Histopathological Examination of Lung
Dissected out lungs were fixed in 10% buffered formalin 
for 24 h, dehydrated, embedded in paraffin, and the cut 
sections stained with hematoxylin‑eosin were observed under 
light microscope to assess the degree of peribronchial and 
perivascular inflammation.

Statistical Analysis
Results were expressed as mean ± standard error of the 
mean and were analyzed by one‑way ANOVA followed 
by Dunnett’s multiple comparison tests (GraphPad Prism, 
Version 5, GraphPad Software, Inc., USA software for 
Windows) and P < 0.05 was considered statistically significant.

Results

Analysis of the Essential Oil
The GC‑MS analysis of essential oil of A. glauca revealed that 
the main compound was identified as α‑pinene [Figure 1].

Effect of the Essential Oil of  Angelica glauca  on 
Histamine‑induced Bronchoconstriction in Guinea Pigs
The essential oil of A. glauca significantly (P < 0.001) and 
dose‑dependently increased the latent period for PCD. In 
histamine‑induced bronchoconstriction at the dose of 200 and 
400 μL/kg, the percentage increase in PCT was found to be 
53.74 ± 6.36 and 67.17 ± 6.48, respectively. Hence, the increase 
of PCT at a dose of 400 μL/kg of A. glauca oil was almost 

Table 1: Effect of Angelica glauca oil on histamine‑
induced bronchoconstriction in guinea pigs (n=24)
Grouping Before 

treatment (s)
After 

treatment (s)
Percentage 

of increase in 
preconvulsive 

dyspnea time (s)
Negative control 108 120 6.17±2.49
Dexamethasone 90 180 50.53±3.77*
Angelica glauca 
(μL/kg)

200 115.65 250 53.74±6.36*
400 108 328.9 67.17±6.48*

Values are expressed as mean±SEM; where n=6 in each group: *P<0.001 as 
compared with negative control by one-way analysis of variance, followed by 
Dunnett’s test. SEM=Standard error of the mean

Figure 1: Gas chromatograph‑total ion chromatogram of Angelica glauca essential oil and its major compound α-pinene
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Effect of Angelica glauca  on Ovalbumin‑induced 
Histopathological Changes in Lung Tissues
The histopathological examination of lung sections of 
mice exposed to OVA stained with hematoxylin and eosin 
showed significant inflammatory changes in peribronchial 
and perivascular areas and also increased bronchial muscles 
thickening, epithelial hyperplasia [Figure 3b]. In contrast, 
the histological changes induced by OVA were markedly 
suppressed by treatment with A. glauca oil at a dose of 200 μL/kg 
[Figure 3d] as compared to untreated group [Figure 3a] and was 
almost similar to the dexamethasone [Figure 3c]‑treated groups.

Discussion

Asthma is an allergic respiratory disease triggered by 
different spasmogens such as acetylcholine, leukotrienes, 
prostaglandins, or specific exposure of allergens, which 
reflect the signals of acute bronchoconstriction.[19] Histamine 
and other inflammatory mediators cause a host of changes 
in bronchial tissue by increasing the mucous secretion and 
simultaneous rapid constriction of bronchial smooth muscle. 
Bronchodilating effect of A. glauca oil was determined by its 
effect to increase the latency for PCT in guinea pigs. The study 
revealed that the latency for PCT was significantly (P < 0.001) 
increased suggesting bronchodilating activity of A. glauca oil 
against histamine.

OVA‑induced model of allergic airway inflammation 
demonstrated that IgE levels in blood and eosinophilic 
infiltration in the lungs were markedly increased, as in 
asthmatic condition. Eosinophil count was elevated in response 
to the OVA exposure in untreated animals. OVA‑induced 
asthma has been recognized as pathological condition that 
resembles chronic airway inflammation characteristically 
associated with the infiltration of lymphocytes, eosinophils, 
macrophages, and neutrophils into the bronchial lumen.[20]

Eosinophils become active when one has certain allergic 
diseases, infections, and other medical conditions. Treatment 

with the essential oil of A. glauca significantly reduced the total 
eosinophils in the blood. Asthma is almost always associated 
with some type of IgE‑related reaction and therefore has 
an allergic basis.[21] Numerous epidemiologic studies have 
shown a highly significant relationship between asthma 
and sensitization to various allergens as demonstrated by 
skin tests or the presence of specific IgE in the serum. IgE 
initiates the allergic response by causing mast cells to release 
inflammatory mediators and by recruiting eosinophils.[22] 
Thus, blocking the effects of IgE is a promising strategy for 
preventing or ameliorating allergic symptoms.[23] This study 
showed significant reduction in serum IgE level by A. glauca 
oil‑treated group. Eosinophil‑mediated secretions in asthma 
have been reported in BALF in the form of granule‑derived 
basic proteins.[24] Once established, the repetitive cycle of 
tissue damage and inflammatory cell recruitment becomes 
chronic, even in the absence of sustained allergen, the chronic 
inflammation persists. Eosinophil level in sputum is associated 
with the degree of chronic airway obstruction.[25] In the present 
studies, eosinophils in BALF were significantly (P < 0.001) 
decreased in A. glauca oil‑treated groups and were comparable 
to that of dexamethasone‑treated group. The effect of A. glauca 
essential oil was not compared with other bronchodilators. 
Besides eosinophils, neutrophils also have an important role in 
the late‑phase asthmatic reaction. The findings of the present 
study need to be confirmed before their extrapolation to human 
situations.

Conclusion

The present study provides evidence that essential oil of 
A. glauca has bronchodilating and immunosuppressant actions 
in guinea pigs and mice. Efficacy of A. glauca oil in the treatment 
of bronchial asthma is worth exploring clinically.
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Background. A Nugent score > 7 has been defined as the gold standard for the diagnosis for bacterial vaginosis (BV), though it is
resource intensive and impractical as point of care testing. We sought to determine if colorimetric assessment of vaginal pH can
accurately predict the occurrence of BV. Methods. We performed a planned subanalysis of 1,216 pregnant women between 13 0/7
and 19 6/7 weeks who underwent vaginal examination as part of a randomized controlled trial. Using a standardized technique,
specimens were obtained for colorimetric assessment and two separate slides for Gram staining. These slides were subsequently
evaluated by two independent blinded microbiologists for Nugent scoring. Results. Interrater reliability of the interpretation of the
Nugent score was excellent (intraclass correlation-individual 0.93 (95 CI 0.92 to 0.94) and average 0.96 (95% CI 0.95 to 0.97)). The
sensitivity of an elevated pH > 5 for a Nugent score > 7 was 21.9% while the specificity was 84.5%. The positive predictive value in
our population was 33.7% with a negative predictive value of 75.0%. Conclusion. Though the Nugent score is internally accurate,
the prediction of BV using vaginal pH alone has poor sensitivity and specificity.

1. Background

Bacterial vaginosis (BV) remains the most common form of
vaginitis affecting women globally [1] and has been linked
to several poor outcomes including preterm birth [2] and
posthysterectomy infection [3]. Nonetheless, 29% of US
women are noted to meet diagnostic criteria of BV, though
themajority are clinically asymptomatic [4]. Recently, genetic
microbiome studies have demonstrated that the occurrence
of BV represents an absence of acid forming morphotypes of
lactobacillus [5].This lack of lactobacilli is frequently accom-
panied by an overgrowth of Gardnerella vaginalis forming

an infected biofilm and creating a permissive environment
for the overgrowth of numerous anaerobic Gram negative
rods [6]. Nonetheless, the vaginal microbiome, as defined by
Nugent scoring, is noted to vary dramatically by region of the
world [7].

Several prior studies have suggested that vaginal pH
alone may be an accurate marker for the detection of BV
[8–10]. These high correlations have not been witnessed in
other studies. It is thus important to establish the accuracy
of vaginal pH to detect BV in an area where the resource
intensive approaches toGram stain and lightmicroscopymay
not be readily available. We thus sought to determine the
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ability of vaginal pH to detect BV as defined by the Nugent
score amongst pregnant women in a low middle income
setting in southern India.

2. Methods

Prior to the initiation of the study, Institutional Review
Board approval was obtained from both participating insti-
tutions (Jawaharlal Nehru Medical College, Belgaum, India,
and Christiana Care Health Services, Newark, Delaware).
This trial was a planned substudy of a prospective indi-
vidually randomized trial of pregnant women with an
elevated vaginal pH (≥5.0) who would be treated with
Clindamycin or placebo (ClinicalTrials.Gov NCT01800825,
ICTR CTRI/2013/07/003799). Pregnant women between the
gestational ages of 13 0/7 and 19 6/7 weeks were invited
to participate in the trial. To be included women were to
have a singleton gestation with no anomalies by history.
Women were likewise excluded if they had a history of taking
antibiotics in the last 14 days, had a history of vaginal bleeding
in the last 3 days, had a symptomatic vaginal discharge, or
were unable to consent (age < 18 years with no provisions
for family/husband consent). Consistent with the guidelines
of the ethics review committee, before each examination, a
woman provided consent in her local language under the
direct observation of trained field staff.

Our primary outcome was the presence of BV as defined
as a Nugent score of 7 or greater [11]. Though competing
definitions for BV exist, such as Amsel’s criteria, the Nugent
scoring systemwas chosen as it has been acknowledged as the
gold standard [11, 12].

Prior to field initiation, certified Auxiliary Nurse Mid-
wives (ANMs) were trained in a standardized methodology
for both obtaining slides for Gram stain and vaginal pH using
a video and direct observation by a central team member.
Using a standardized speculum exam, specimens were taken
from the lateral vaginal sidewalls. Gram stains were obtained
using 2 separate acrylic swabs and then immediately plated
on a clean glass slide that was allowed to air dry. These
slides were transported to a central reading area where
they underwent Gram stain. Nugent score was then read by
two independent pathologists in accordance with accepted
techniques [11]. Women who had a Nugent score of 7 or
greater were deemed to have bacterial vaginosis. In cases
wherein the two pathologists disagreed and with one scoring
below 7, the higher score was chosen to define the presence
or absence of bacterial vaginosis.

Vaginal pH was determined by directly placing a small
portion of pH paper in the same location that the vaginal
swab for the Gram stain was obtained from and it remained
until being saturated with vaginal fluid. The pH was then
evaluated after the pH paper had been allowed to dry
after 60 seconds. PH paper was universally obtained from
Micro-Essential Laboratories (Hydrion 345 S/R Dispenser;
Brooklyn, NY) and is able to discriminate pH in 0.5 moles
per liter increments between 3.0 and 5.5.These were recorded
and read independently of the Gram stains.

Statistical analysis consisted of performing an intraclass
correlation (two-way mixed effect model) between the two

Table 1: Demographics.

Variable 95% CI
Age in years 23.7 22.7 to 24.7
Gravidity 2.5 1.9 to 3.1
Parity 1.4 1.3 to 1.5
Height in cm 151.2 150.6 to 151.8
Weight in kg 46.0 45.2 to 46.9
Years in school 8.8 8.5 to 9.2
Respiratory disease 1.57%
Cardiac disease 0.94%
Diabetes 0.31%
Other diseases 0.63%

Women screened 
N = 1244

Only 1 available slide 
N = 28

Available for analysis
N = 1216

Figure 1

scoring microbiologists for both Nugent score and the
occurrence of BV (Nugent score ≥ 7). Comparison of the
presence of BV defined by an elevated vaginal pH (≥5) versus
BV defined by Nugent score was likewise compared using
a pairwise correlation. Summary statistics were performed
using simple univariate modelling. All statistical analysis
were performed using STATA 14.0 (College Station TX).

3. Results

A total of 6,473 women underwent screening in the parent
study; 26.7% (𝑁 = 1,728) were found to have a vaginal
pH ≥ 5. Of this cohort, a total of 1,244 women underwent
screening with both a vaginal Gram stain and a vaginal pH,
of which 1,216 (97.6%) met the entrance requirement (see
Figure 1). Twenty-eight women were eliminated due to the
lack of a second slide. Demographics of the participants are
presented in Table 1. Our participants can best be summated
as a young healthy but underweight cohort. This cohort is
consistent with participants of our prior studies and the
general population [13].

As determined by a Nugent score of 7 or greater, 17.4%
of our participants had bacterial vaginosis. With reference to
the Nugent score, there was a very high correlation between
the two pathologists both between each other and the mean
value. The intraclass correlation between raters was 0.929
(95% CI 0.920 to 0.936) and between the average was 0.963
(95% CI 0.959 to 0.967) (𝑃 value < 0.001). This suggests that
Nugent score is a highly accurate and consistent test.
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Figure 2: % distribution by pH and Nugent grouping.

In contrast, vaginal pH fared poorly as a predictor
of bacterial vaginosis defined as a Nugent score of 7 or
greater.This is graphically illustrated in Figure 2, wherein the
distribution of vaginal pH values is shown by Nugent groups
(0 to 3, 4 to 6, and 7 to 10). In this graph one can see that
the frequency of vaginal pH values appears to be normally
distributed, not skewed with the higher pH values in the 7
to 10 group. The pairwise correlation between a pH ≥ 5 and
an elevated Nugent score was 0.66 (𝑃 value of 0.021). The
sensitivity of an elevated pH ≥ 5 by Nugent score was 21.7%
while the specificity was 84.1%. The positive predictive value
in our population was 31.1% with a negative predictive value
of 76.4%.

4. Discussion

The clinical diagnosis of bacterial vaginosis has long been
made using Amsel’s criteria (elevated vaginal pH, presence
of clue cells, milky discharge, and positive whiff test) or
Nugent’s criteria [14].Throughmicrobiotics, we have come to
understand that bacterial vaginosis is a complex entity char-
acterized largely as the absence of acid forming lactobacillus
and a concomitant proliferation of other anaerobic bacteria
[5]. This lack of acidity allows the proliferation of other
organisms (microbial dysbiosis) which may be causative
of underlying disease [15]. As lactobacilli play a key role
in acidifying the vagina, it is not surprising that vaginal
pH remains part of Amsel’s criteria in making the clinical
diagnosis of bacterial vaginosis.

Though we were able to demonstrate that an elevated
vaginal pH is significantly associated with bacterial vaginosis
as defined by Nugent’s criteria, our measurement of vaginal
pH had poor sensitivity and specificity compared to other
publications. Amongst our participants, only 21.7% of women
with an elevated vaginal pH (defined as vaginal pH or greater
than or equal to 5.0.) had bacterial vaginosis. This finding
is much more consistent with other reports that have found
vaginal pH to be a relatively poor predictor of BV [8, 10].This
may in part be explained by the fact that vaginal microbiome
of southern India may be markedly different than that in
other countries [7].

Though broadly accepted as the gold standard, it is
important to remember that the Nugent score reflects the
relative ratios of large Gram positive rods (lactobacillus),
small Gram variable rods, and curved Gram variable rods
[11]. Whether these findings are diagnostic of BV and are
associated with both disease and poor obstetrical outcomes
in rural India where the microbiome may be different is
unclear [7]. Further complicating the issue, recent genomic
studies have demonstrated that “healthy” women who lack
appreciable colonies of lactobacilli are relatively common
[16, 17]. These women appear to have other bacteria that are
capable of acidifying the vagina, promoting microbial health.
In such women, Nugent’s criteria may not be an appropriate
marker of the health of the vaginal microbiome.

Perhaps more important than how the diagnosis of
bacterial vaginosis is derived is that an elevated vaginal
pH represents an atypical vaginal microbiome free of acid
forming organisms. Such an environment has been shown
to provide permissive growth of pathological organisms like
mycoplasma amongst others [18]. Several investigations have
been able to link an elevated vaginal pH without either an
elevatedNugent score or the other portions of Amsel’s criteria
with poor outcomes including preterm birth and preterm
premature rupture of membranes [19–21]. It is for this reason
that we will be exploring our obstetrical outcomes by vaginal
pH in this unique cohort.
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The present work aims to investigate the efficacy of thermoreversible gel of cranberry juice concentrate (CJC) as
local drug delivery for the treatment of periodontitis. CJC was initially tested for its antimicrobial activities like
MIC,MBC, antiadhesion, antibiofilm and time kill assay against the panel of organisms (S.mutans (SM), E. faecalis
(EF), A. actinomycetemcomitans (AA), P. gingivalis (PG), T. forsythia (TF)) responsible for periapical and periodon-
tal infections. Antimicrobial activity of CJC showedMIC value of 50mg/ml andMBC value of 100mg/ml with de-
sirable antiadhesion (83–90%) and antibiofilm activity (70–85%). CJCwas evaluated for its biocompatibility using
periodontalfibroblasts by cell basedMTT assay and found to benontoxic. Influence of CJC on periodontopathogen
PG derived virulence factors (fimA and kgp) was studied using real time polymerase chain reaction (RT-PCR)
technique wherein down regulation of selected genes demonstrated inhibitory effect against PG virulence fac-
tors. Thermoreversible gel of CJC was formulated by cold method using poloxamer 407 as thermosensitive poly-
mer and carbopol 934 as mucoadhesive polymer and evaluated for its gelation temperature, viscosity, gel
strength and mucoadhesive strength. Comparison of optimized thermoreversible gel of CJC (500 mg/ml) with
commercially available chlorhexidine gluconate gel (0.2%) using agar well diffusion demonstrated equal zone
of inhibition against SM, EF, AA, PG & TF. Hence the formulated thermoreversible gel of CJC could serve as a
novel herbal alternative to currently available periodontal treatment modalities.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Dental materials research is an interdisciplinary field that involves
material sciences, polymer sciences, pharmaceutical sciences and chem-
ical sciences. Fundamentals of these disciplines are specifically involved
in fabrication, handling and applications in local drug delivery of phar-
maceutical active ingredient for various oral diseases. Dentistry involves
treatment of several oral diseases wherein periodontitis is one of the
major illness affecting majority of the population [1]. Periodontitis is a

plaque induced inflammatory disease of the tooth supporting tissues
resulting in progressive destruction of the periodontal structures. It is
a multifactorial polymicrobial infection involving Streptococcus species
as primary colonizers which in turn cause favorable environment for
secondary colonizers, (Porphyromonas gingivalis (PG), Tannerella for-
sythia (TF), Aggregatibacter actinomycetemcomitans (AA)) [1,2]. These
organisms owning to their inherent ability to adhere to the tissue sur-
faces followed by successful biofilm formation and active tissue invasion
plays a crucial role in the pathogenesis of the disease [3]. Additionally,
virulence factors like fimbrial proteins that enhances bacterial adhesion
to host tissue surfaces followed by the robust proteolytic activities (pro-
teinases-gingipains) exhibited by bacteria are imperative factors con-
tributing to periodontal tissue destruction [4]. Although scaling and
root planing (SRP) is an essential phase of periodontal treatment, SRP
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alone fails to eliminate tissue invading pathogens suggesting the need
for adjuvant antimicrobial therapy [5].

Among various commercially available antimicrobial formulations
used for periodontitis, chlorhexidine gluconate (CHX) remains the
gold standard chemotherapeutic agents for intra oral applications due
to its effective antimicrobial potential. Although CHX is clinically used
in the form of mouthwash, spray, gel, tooth paste, varnish, irrigating
agent and local drug delivery (perio chip) its side effects such as forma-
tion of supragingival calculus,brown staining of teeth and tongue, taste
alteration, oral desquamation in children, parotid swelling and anaphy-
lactic reactions limits its use for long term purpose [6,7,8]. Hence there
has been a rise in the research involving hunting for novel and alterna-
tive herbal formulations, especially to avoid side effects caused by syn-
thetic allopathic medications.

Dental medicine has become acquiescent to phytotherapy based on
the evidence that, population regularly consuming food or beverages
rich in phytochemicals into their diet have superior oral health [9].
Since diet is a vital aspect that describes oral health, recent research
has focused on commonly consumed food products like amla, strawber-
ry and American cranberry fruit. Vaccinium macrocarpon owning to its
unique polyphenol composition has been acknowledged for its medici-
nal properties such as anti-bacterial, anti-adhesion, anti-tumorigenic,
anti-inflammatory and anti-oxidant activity [10,11,12]. Although sever-
al independent studies have shown the use of cranberry as an antibac-
terial [13,14] but research relating to the impact of cranberry juice as a
local delivery has perhaps never been explored till date.

Development of newer therapeutic approaches against oral biofilm
is challenging, as topically introduced antibacterial agents are not
retained at required concentrations for prolonged period due to rapid
clearance by saliva. Gels are one of the most commonly used vehicles
for delivering antimicrobial agents to the targeted sites in periodontal
therapy. However clinical application of conventional gel form is some-
times a tedious job as gels may soften or liquidate arbitrarily and seep
away from the targeted site swiftly resulting in unpredictable therapeu-
tic effects [15]. Significant research has beenmade in polymer science to
improve the drug delivery of active agent to the targeted sites with ease
of administration and accurate dosing. One such local drug delivery sys-
tem involves the use of novel biodegradable thermosensitive polymer
Poloxamer 407 (P407), which remains in liquid state at room tempera-
ture and turns into gel on exposure to body temperature. Thus, thermo-
reversible hydrogels are one of the most convenient and reliable
vehicles to deliver active antimicrobial agents in to the periodontal dis-
ease sites with precise dose [16,17].

Herein, the present investigation was focused on evaluation of anti-
bacterial activities of cranberry juice concentrate against panel of
microorganisms involved in periodontal and associated infection such
as dental caries and peri-apical infections (Streptococcus mutans (SM),
Enterococcus faecalis (EF), PG, AAandTF). Further, the studywas extended
to formulate and compare the antimicrobial activity of thermoreversible
gel of cranberry extract and commercially available CHX.

2. Materials

Frozen cranberries were procured from authorized distributor
(Peony Food Products, Pune, India) imported from Canada and authen-
ticated from Regional Medical Research Centre-Indian Council of Medi-
cal Research, Belagavi, Karnataka, India. Poloxamer 407 (P407) and CHX
were obtained as free sample from BASF, Mumbai and Unilab chemical
and pharmaceuticals Pvt. Ltd., Mumbai, India respectively. Dulbecco's
modified eagle medium (DMEM), fetal bovine serum (FBS), and Pen
Strep (penicillin and streptomycin mixture) were obtained from Gibco
Life technologies, Bangalore. Gentamycin (4 mg/ml), Amphotericin
(5 mg/ml), carbopol-934 (C934), MTT (3-[4, 5-dimethylthiazol-2-yl]-
2, 5-diphenyl tetrazolium bromide), brain heart infusion agar and
broth media were procured from Himedia Pvt. Ltd., Mumbai, India.

Primers (fim A and kgp) for RT-PCR studies were procured from Sigma
Aldrich Inc., India.

3. Experimental methodology

3.1. Preparations of cranberries juice concentrate

Procured cranberries were washed thoroughly using distilled water
to remove any surface impurities and stored at−80 °C until use. For ex-
traction, frozen cranberries were crushed to form homogenous puree
using a commercial blender and subjected to rotary evaporator (Buchi,
Switzerland) at 55 °C for 1 h to obtain concentrated extract. The extract
wasfinally purified by filtration throughWhatmanfilter paper # 41 and
subjected to lyophilization (Martin Christ, Germany) to yield dry pow-
dered concentrate [18].

3.2. Culture of microorganisms

Bacterial cultures were obtained from the repository of Dr.
Prabhakar Kore Basic Science Research Center, Belgaum, Karnataka
India (S. Mutans (SM) ATCC 25175, E. Faecalis (EF)-ATCC 35550, TF-
ATCC 43037, PG-ATCC 33277 and AA-ATCC 29523). Strains were main-
tained using brain heart infusion (BHI) agar plates at 37 °C for the
growth of aerobic and anaerobic bacteria. Anaerobic cultureswere incu-
bated in anaerobic work station (KIM,Microsystem, India) supplement-
ed with mixture of gases (N2:CO2:H2 in the ratio 80:10:10).

3.3. Antibacterial assay

3.3.1. Minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC)

MIC andMBC of cranberry juice concentrate (CJC) against SM, EF PG,
TF and AA were determined by serial dilution method. Prior to the ex-
perimentation, bacterial culture concentration were standardized by
using 0.5 Mcfarland standard. Accordingly, the lowest concentration of
CJC showing growth inhibition was considered as the MIC whereas
the lowest concentration of CJC that showed zero growth on BHI agar
plates after spot inoculation and incubation for 24 h (aerobes) and
48 h (for anaerobes) was recorded as MBC. All the experiments were
performed in triplicate with appropriate controls [19,20].

3.4. Time kill assay

Time kill assaywasperformed by inoculating cultures (SM, EF, PG, TF
andAA) inmedia containingCJC equivalent to itsMBC andMIC followed
by streaking on BHI agar plates at predetermined time intervals. Time
kill curves were plotted by assessing the colony forming units (CFU)
with respect to time after incubation at 37 °C for 24 h (aerobes) and
48 h (anaerobes) [21].

3.5. Anti-adhesion assay

CJC corresponding to its MBC value was evaluated for their
antiadhesion activity. Briefly 100 μl of test samples (CJC, CHX, & blank
media) were transferred in triplicate to 96-well microplate. Bacterial
culture (100 μl) was then added to each well to ensure a total volume
of 200 μl except blank wherein 100 μl media was added and the plates
were incubated for 8 h (aerobes) and 16 h (anaerobes) at 37 °C. After in-
cubation, thewells were washed thricewith distilledwater followed by
staining with 100 μl crystal violet (0.4% w/v in distilled water) for
15min. The wells were further washed thrice to remove unbound crys-
tal violet dye and dried for 2 h at 37 °C. Wells were then treated with
100 μl of 95% (v/v) ethanol to release the stain from the bacterial cells
and the absorbance (A630) was recorded at 630 nm using ELISA plate
reader (Lisa plus, India) and themean percent inhibitionwas calculated
by Eq. (1). The absorbance in blank well was subtracted from
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absorbance reading of test sample and percentage inhibition was
expressed as mean percent inhibition ± SD [22].

Percent inhibition

¼ Absorbance of negative control−Absorbance of test
Absorbance of negative control

� 100 ð1Þ

3.6. Antibiofilm assay

For evaluation of anti-biofilm activity of CJC, 100 μl of bacterial cul-
ture was added to each well and incubated for 4 h (aerobes) and 8 h
(anaerobes) at 37 °C to allow biofilm formation. Following incubation,
100 μl of test samples corresponding to their MBC values (CJC, CHX,
and blank media) were transferred in triplicate to 96-well microplate
to make up the volume up to 200 μl followed by incubation for 24 h
(aerobes) and 48 h (anaerobes) at 37 °C. Crystal violet assay were car-
ried out as previouslymentioned and the inhibition of biofilm formation
was determined by Eq. (1). The results were expressed asmean percent
inhibition ± SD [22].

3.7. Biocompatibility assay of CJC

Periodontal fibroblasts were isolated from healthy teeth extracted
due to orthodontic reasons. The extracted toothwas immediately trans-
ferred to sterile tube containing phosphate buffer solution (pH 7.4) and
processed for isolation of fibroblasts. Under aseptic conditions the root
surface was planed with Bard Parker blade #15 followed by isolation
of periodontal fibroblasts by incubating the tissue samples in Dulbecco's
modified Eagle's media (DMEM) supplemented with FBS and antibi-
otics. Viable isolated fibroblasts cell suspension (50 μl) with density
1 × 105 cells/ml concentration (determined by trypan blue exclusion
method using neubauer chamber) was seeded into each well in a flat
bottom 96 well microtiter plate followed by addition of test sample
(100 μl) and the final volume was made up to 250 μl by adding
DMEM. Sterilized CJC (500 mg/ml) and CHX (0.2% v/v) of varying dilu-
tions (100, 50, 25, 12.5 and 6.25%)was added to thewells and incubated
for a period of 24 h in CO2 incubator (Eppendorf, New Brunswick,
Galaxy 170R, Germany) maintained at 37 °C, 5% CO2 with 95% humidity
until the completion of experiments. After 24 h of incubation, 20 μl of
MTT reagent (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium
bromide, 5 mg/ml in PBS) was added to each well and kept for 4 h incu-
bation in dark place. The supernatant was carefully removed without
disturbing the precipitated formazan crystals and 200 μl of dimethyl
sulfoxide (DMSO) was added to dissolve the formazan crystals. The ab-
sorbance (A570) was measured by using ELISA plate reader (Lisa plus,
India) at 570 nm. The study was performed in triplicates and percent
cell viability of the CJC was calculated using following Eq. (2) [23].

Percent cell viability

¼ Mean absorbance of test compound
Mean absorbance at control untreated cellsð Þ � 100: ð2Þ

3.8. Effect of CJC on fimbrial protein (fimA) and lysine gingipain (kgp) gene
expression

Based on the results of the antimicrobial activity, the CJCwas further
tested for its effect on fimA and kgp gene expression. The real timequan-
tification of CJC on the expression of several PG virulence factor genes
involved in host colonization and tissue destruction i.e., fimbrillin
(fimA) gene [24] and Lys-gingipain (kgp gene) [25,26] respectively
was determined. The bacteria were grown to mid log phase
(OD660 ~ 0.45) where in PG was treated with CJC in the concentration
range of 12.5, 25 and 50 mg/ml and liquid culture of PG without extract
(negative control) were incubated at 37 °C under anaerobic conditions

for 12 h. After incubation period, PG was collected by using high speed
minicentrifuge (Eppendorf centrifuge 5415R, Germany) at 13,000 rpm
for 10 min followed by isolation and purification of total RNA by
innuPREP RNA Mini Kit (Analytik Jena, Germany) which was finally
quantified by usingNanoDrop®Spectrophotometer (JH BIO, USA). Puri-
fied and analysed total RNA was used to prepare cDNA using High- Ca-
pacity cDNA Reverse Transcription Kit (Applied Biosystems/Thermo
Fisher Scientific, USA) in RT-PCR according to the manufacturer proto-
col. Reaction mixture was maintained at 25 °C for 10 min, 37 °C for
120 min and finally 85 °C for 5 min. In the present investigation, fimA
and kgp mRNA expression was estimated by RT-PCR wherein 16SrRNA
gene was used as an internal control for data normalization. Finally
the reactions were performed in triplicate using 10 μl of PCR mixture
containing 5 μl of SsoFast™ EvaGreen® Supermix (Bio-Rad Inc., USA),
1 μl of cDNA, 0.5 μl of gene-specific primer (Sigma Aldrich, Bengaluru,
India; Table 1), and 3 μl of RNase- and DNase-free water. Amplification
of samples was performed by a Bio-Rad CFX96™ Real-Time PCR System
(Bio-Rad Inc., USA) at 95 °C for 30 s followed by 39 cycles at 95 °C for 5 s,
56 °C for 5 s and finally analysed by ΔΔCt method [27].

3.9. Preparation and optimization of in situ CJC thermoreversible gel

Thermoreversible gel of CJC was formulated by cold method where-
in P407 and C934 in varying concentrations were mixed with CJC to
yield a thermoreversible gel. Briefly, P407 solution in the concentrations
(16, 17, 18, 19 and 20% w/v) were prepared by constant stirring (mag-
netic stirrer, IKA, Germany) at 300 rpm in a transparent 10ml glass bot-
tle for 2 h and stored in the refrigerator overnight to obtain clear
solution. Optimization of CJC loaded P407 gel was done by varying the
concentration of P407 and evaluated for gelation temperature which
is considered as one of the critical factor for optimization. Batches con-
taining optimized concentration of P407 was used to study the effect
of mucoadhesive polymer-carbopol 934 (C934) on gelation tempera-
ture and mucoadhesive strength [28].

3.10. Evaluation of thermoreversible gel

Formulated gel was evaluated for its gelation temperature, gelation
time, viscosity, gel strength and mucoadhesive strength. Gelation tem-
perature was measured by visual observation method. P407 solution
was placed in a test tube and kept in water bath and the temperature
was increased with an increment of 1 °C/min. The point at which the
meniscus would no longer move upon tilting the test tube through an
angle of 90° was recorded as gelation temperature [29].

The gelation time of the formulations was measured by keeping the
cold solution of P407 (16, 17, 18, 19 and 20%w/v) at its gelation temper-
ature with continuous stirring at 100 rpm using magnetic stirrer (IKA,
Germany). The time at which the magnetic bead stopped moving was
recorded as gelation time.

The gel viscosity was determined with a thermostatically controlled
Brookfield programmable Rheometer (Brookfield CAP 2000+, Brook-
field Engineering Laboratories, Middleboro, MA) coupled with CAP-01
spindle. Viscosity of all the formulations (CJC1, CJC2, CJC3, CJC4 and
CJC5) was measured at a fixed shear rate of 133 s−1 and analysed by
using the Capcalc software.

Table 1
Details of primers.

Gene Primer sequence (5′ to 3′) Size

16S rRNA Sense: TGTAGATGACTGATGGTGAAA
Antisense: ACTGTTAGCAACTACCGATGT

138

fimA Sense: CAGCAGGAAGCCATCAAATC
Antisense: CAGTCAGTTCAGTTGTCAAT

140

Kgp Sense: AGCTGACAAAGGTGGAGACCAAAGG
Antisense: TGTGGCATGAGTTTTTCGGAACCGT

186
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Gel strength of the formulation was estimated by placing the 50 g of
the gel in a 100-ml graduated cylinder and gel was maintained using
thermostatically controlled water bath at 37 °C. A weight of 35 g was
placed onto the gel and the time (s) required by theweight to penetrate
5 cm deep into the gel was recorded as gel strength [28,29].

Mucoadhesive strength of gel was determined by measuring the
minimum detachment force required to separate the gel formulation
from porcine buccal mucosa. Buccal mucosa was obtained from a local
slaughter house after the pigs were freshly sacrificed. Two porcine oral
mucosal tissue (1 mm thickness) portions measuring approximately
20 × 20 mm2 were fixed with two different glass slides using cyanoac-
rylate glue and was hydrated with 100 μl of phosphate buffer pH 6.8
maintained at 37 ± 1 °C. One glass slide was fixed on the underneath
portion of a pan balance with two sided adhesive tape. The other slide
was fixed on wooden board of balance in such a way that the tissue
had been just beneath and facing upper tissue. Gel (100mg)was placed
in between two mucosal tissues and held in contact for 2 min followed
by introduction of dummy granules slowly into the other pan until the
tissues get separated. Minimal weight required to detach the mucosal
tissue from the surface of each formulation was recorded as
mucoadhesive strength and expressed as the detachment stress in
dyne/cm2 [16,17,24]. Experiments were performed in triplicates and
the strength was calculated by the Eq. (3), m=weight required for de-
tachment in grams, g = acceleration due to gravity (980 cm/s2) and

A = area of mucosa exposed.

Mucoadhesive strength ¼ mg
A

� 100: ð3Þ

3.11. Stability studies of gel

Optimized formulation was evaluated for its stability at accelerated
conditions (25 ± 2 °C; 60 ± 5% RH) as per ICH stability guidelines
Q1A (R2). Sampleswere collected everymonth for a period of 3months
and evaluated for gelation temperature, gelation time and viscosity [30].

3.12. Antibacterial activity of thermoreversible gel

Comparative evaluation of antibacterial activity of CJC and CHX gel
was carried out via agar well diffusion assay (antibiotic susceptibility
testing) against SM, EF, PG, TF and AA. Sterilized BHI agar plates was
prepared using biological safety cabinet level II and incubated at 37 °C
in a bacterial incubator overnight prior to initiation of experiments.
Agar plates were dried for 15 min and then seeded with suspensions
(100 μl) of test bacteria (standardized by using 0.5 McFarland standard
which is equal to 1.5 × 108 CFU/ml) tomake a uniform lawn of bacteria.
Thermoreversible CJC and CHX gels were placed in wells and incubated
at 37 °C for 24 h (aerobes) and 48 h (anaerobes) [19].

4. Results and discussion

4.1. Minimum inhibitory concentration and minimum bactericidal
concentration

The MIC is the lowest concentration of an antimicrobial agent that
prevents the bacterial growth (bacteriostatic) andMBC is theminimum
concentration of the antimicrobial agent that kills a defined fraction of
bacteria (bactericidal). The MIC and MBC values of CJC and CHX
(Table 2) indicated that CJC exhibited effective antimicrobial activities
against aerobic and anaerobic bacterial strains. Effect of CJC against
SM, EF, PG, AA & TF confirms its potent antimicrobial activity.

Fig. 1. Kill curve of reference bacterial cultures at MIC and MBC of CJC (error bars not shown as deviations from the mean values are b0.1 × log10).

Table 2
Minimum inhibitory concentration and minimum bactericidal concentration of cranberry
juice concentrate.

Micro organisms CJC CHX

MIC (%w/v) MBC (%w/v) MIC (%v/v) MBC (%v/v)

SM 5 10 0.00625 0.0125
EF 5 10 0.00625 0.0125
PG 5 10 0.0125 0.025
AA 5 10 0.0125 0.025
TF 5 10 0.00625 0.0125
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4.2. Time kill assay

As a further extension of theMIC andMBC, time kill studieswere ini-
tiated. Fig. 1 demonstrates time dependentmicrobicidal action of CJC at
MBC and MIC. There was a linear relationship between log CFU versus
time. Slope of the line of regression (K) could be used for the analysis
of bactericidal activity of CJC against aerobic and anaerobic bacteria.
Data shown in Table 3 confirms that the time required to achieve a
2log10 reduction (D*) and 1log10 reduction (D) in viable cells differ
with the organisms indicating varying sensitivity to CJC.

4.3. Anti-adhesion activity

Bacterial adhesion to tissue surface is the initial and crucial segment
in the pathogenesis of periodontitis. Within nanoseconds after mechan-
ical plaque control (professional/personal) adsorption of saliva derived
glycoproteins and pellicle formation takes place, which serves as recep-
tor for subsequent microbial colonization and biofilm formation [31].
Bacterial expression of protein adhesins like capsule, fimbriae and fla-
gella aid in the bacterial adhesion to tissue surface through an exquisite-
ly sensitive interaction. It has been postulated that inhibiting the initial
adhesion of bacteria onto the substratum can prevent the development
of biofilm [32]. The antiadhesion potential of CJC and CHX against SM,
EF, PG, AA and TF evaluated in the present study suggests that activity
of CJC was relatively better when compared to CHX for aerobes (Fig. 2).
For anaerobes, CJC displayed greater antiadhesion potential than CHX
against PG and TF whereas for AA both CJC and CHX displayed similar
antiadhesion activity. Results clearly demonstrated that CJC has relatively
better antiadhesion propertieswhen compared to CHX. One of the prima-
ry reason for antiadhesion activity of CJC could be ascribed to the presence
of polyphenols specially the proanthocyanidins [33]. Apart from this,
other mechanisms of antiadhesion activity of CJC can be explicated in a
number ofways,first, CJC passively adhere to the substratumandproduce
an unfavorable film that promotes detachment, thereby reducing the

surface adhesion, second it could be due to its ability to inhibit adhesins
like fimbrial protein involved in bacterial adhesion which was further
confirmed experimentally through RT-PCR, The success of CJC interfering
with bacterial cell attachment as shown in the present study is a promis-
ing tool for reducing microbial colonization on tooth surface and oral
mucosa.

4.4. Antibiofilm activity

The highly structured and complex biofilm is considered as themain
disease-provoking culprit, which offers protection to organisms from
host's immunological defense mechanisms [34]. Although microbial
background of periodontal disease supports the use of adjunct antimi-
crobials in periodontal therapy, indiscriminate use of antimicrobial
agents has resulted in increased levels of resistant microorganisms. Bio-
film is a fascinating structurewhichdemonstrate greater resistant to an-
timicrobial agents when compared to organism in planktonic form [35].
Several factors have been attributed to the resistance in biofilms;
exopolysaccharides that surround biofilm aid in shielding microbial
cells within the biofilm by preventing desiccation and attack by harmful
agents [33]. The antibiofilm potential of CJC and CHX against SM, EF, PG,
AA and TF evaluated in the present study suggests that activity of CJC
was relatively betterwhen compared to CHX for aerobes (Fig. 3). For an-
aerobes, CJC displayed greater antibiofilmpotential thanCHXagainst PG
and TF whereas for AA both CJC and CHX displayed similar antibiofilm

Fig. 4. Biocompatibility studies of cranberry juice concentrate and chlorhexidine against
periodontal fibroblast cell lines. Each data point represents mean ± SD (n = 3).

Fig. 3. Antibiofilm activity of CJC and CHX against SM, EF, AA, PG and TF. Each data point
represents mean ± SD (n = 3).

Fig. 2. Antiadhesion activity of CJC and CHX against SM, EF, AA, PG &TF. Each data point
represents mean ± SD (n = 3).

Table 3
Microbicidal activity of CJC at MBC and MIC against different bacterial strains.

Organisms CJC

D at MIC (h) D* at MBC (h)

EF 23 20
SM 23.5 21
AA 45 44
PG 48 42.5
TF 40 44

D= time required to achieve 1 log10 reduction total viable cell count. D*= time required
to achieve 2 log10 reduction total viable cell count.

1510 R. H.R. et al. / Materials Science and Engineering C 75 (2017) 1506–1514

Image of Fig. 4
Image of Fig. 3
Image of Fig. 2


activity. Antibiofilm activity of CJCs found in the present study could be
attributed to the presence of polyphenols, specifically the
proanthocyanidins, which is known to inactivate glucosyltransferase
and fructosyltransferase that catalyze the formation of glucan and
fructan respectively, which play prime role in biofilm formation and
maturation [35]. It has also been reported that the polyphenols in cran-
berries led to the desorption of biofilm by interfering with bacterial
coaggregation [14]. Cranberry polyphenols could thus allow reductions
in the use of antibiotics, thereby preventing the development of bacte-
rial resistance.

4.5. Biocompatibility assay

Biocompatibility is an important parameter to be evaluated for any
biomaterial intended for in vivo biomedical application. The cytotoxicity
of CJC and CHX were studied on periodontal fibroblast cells under in
vitro conditions by using colorimetric MTT assay. Results were mea-
sured in terms of the intensity of the color formed on solubilization of
formazan crystals which is directly proportional to the number of live
cells. Results of biocompatibility assay demonstrated that CJC
(500 mg/ml) displayed N90% viability when compared to CHX (0.2%)
which showed 83% cell viability. Better biocompatibility of CJC in

comparison with CHX indicate that CJC can be an effective alternate
for synthetic antimicrobial agents for oral therapeutics (Fig. 4).

4.6. Effect of CJC on fimbrial protein (fimA) and lysine gingipain (kgp) gene
expression

PG, the key stone pathogen of periodontitis which colonizes and
cause tissue destruction is often accomplished by a variety of putative
virulence factors including fimbriae, lipopolysaccharides, proteases,
and outer membrane proteins [36]. PG fimbriae (fimA) are filamentous
components on the cell surface, aid in the bacterial adhesion and inva-
sion of periodontal tissues. Similarly, gingipains are the main proteases
produced by PG that contribute to the virulence properties of this bacte-
rium since they degrade a large variety of host proteins such as collagen
[5]. In the present study, effect of CJC on the activity of PG derived viru-
lence factors such as fimA and Kgp were assessed using RT-PCR tech-
nique. Results (Fig. 5) suggested that CJC down regulated fimA and kgp
gene expression suggesting dose dependent inhibitory action against
PG. Treatment of CJC in the concentration range of 12.5, 25, 50 mg/ml
to PG led to decrease in expression of kgp gene (88%,97.5% and 98% re-
spectively) and fimA gene (30%, 39% and 75% respectively). RT-PCR
studies demonstrated that the CJC efficiently inhibits fim A and kgp
gene expression, which aremajor factors required for their growth, sur-
vival and pathogenicity. The present investigation explores the ability of
polyphenols (proanthocyanidins, quercetin, and other flavonoidal phy-
tochemicals) present in CJC to attenuate the virulence of PG by reducing
the expression of genes coding for important virulence factors. As men-
tioned above, these chemical constituents of CJC can affect multiple
pathways of PG involved in development of periodontal disease [37].
Coordination among these pathways (fig. 6) might have resulted in

Table 4
Gelation temperature and gelation time of gel at different concentrations of P407.

Poloxamer 407 (%w/v) Gelation temperature (°C) Gelation time (s)

16 No gelling till 40 No gelation till 60
17 Viscosity increased at 38 No gelation till 60
18 35–36 51.66 ± 1.15
19 33–34 45.66 ± 1.15
20 29–30 44.66 ± 0.57

Mean ± SD, n = 3, bold values indicate the optimized batch.

Fig. 6. Diagrammatic representation of mechanism of action of CJC on P. gingivalis.

Fig. 5. Influence of CJC on expression of kgp and fimA gene. Each data point represents
mean ± SD (n = 3).
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inhibition of PG derived virulence factors. These observations suggest
that the CJC has the potential to limit the multiplication of PG in peri-
odontal pockets by limiting the availability of the amino acids and pep-
tides required for their growth; it may also inhibit tissue destruction
mediated by bacterial proteinases. This work strengthens the claim
that traditional medicinal plants like cranberries can play essential
role in periodontal treatment modality by acting at the molecular
level.Whilemany components of CJC have been described, further stud-
ies are needed to isolate the active phytochemicals and decipher the
molecular pathways that are regulated by this herb.

4.7. Preparation and optimization of in situ CJC thermoreversible gels

Thermoreversible gel was formulated with a novel thermosensitive
polymer P407 (copolymer of polypropylene glycol and polyethylene
glycol) which has the potential to form gel when exposed to higher
temperature. This thermoreversible property of poloxamer wasmanip-
ulated and concentration was optimized so as to deliver the CJC in peri-
odontal pocket with temperature in the range of 33.4–36.1 °C [38]. It
was observed that poloxamer in the concentration of 19% w/v and
carbopol in the concentration of 0.2% w/v demonstrated desirable gela-
tion temperature which is considered as the prime factor for optimiza-
tion of gels (Table 4, Fig. 7).

4.8. Evaluation of gel

Formulated gels were evaluated for its gelation temperature, gela-
tion time, viscosity, gel strength and mucoadhesive strength (Tables 4
and 5). In periodontitis, the subgingival temperature of moderate to
deep pocket ranges from 33.4–36.1 °C [38]. Thus to maintain the active
drug in the periodontal pocket and achieve successful periodontal ther-
apy gelation temperature of ≤32 °C was considered and formulation
CJC3 was considered for further studies.

Results of gelation temperature of CJC thermoreversible gel (Table 4)
suggests that the gelation temperature is directly proportional to the
concentration of poloxamer thermoreversible polymer. P407 is known
to exhibit in-situ gellingproperty due to their negative coefficient of sol-
ubility to form block copolymer micelles. Increase in temperature was

directly proportional to the number of micelles formation leading to
construction of tightly packed micelles which subsequently forms gel.
Thermoreversible gels are expected to turn into gel form at a specific
temperature and exist in solution form when stored at room tempera-
ture. The influence of C934 at varying concentrations on gelation con-
firms that all formulations were converted to gel form in the range of
27–32 °C. Results indicate that the concentration of C934 was indirectly
proportional to gelation temperature.

Gelation time is defined as the time taken by the thermoreversible
gel system to completely convert from sol to gel at a specific gelation
temperature. In the present investigation, it was observed that P 407
at 19% w/v concentration showed gelation time as 45 s (Table 4). This
time durationwas considered as optimum for subgingival local drug de-
livery system for periodontitis.

Adequate drug-microbial contact time is another critical factor for an
antimicrobial agent to exert its bactericidal or bacteriostatic effects
against targeted microorganisms. The rapid clearance of agents from
the periodontal pocket limits the efficacy of locally applied, nonbinding
antimicrobial agents in periodontal treatment. Thus, an optimal gel
strength and mucoadhesive strength is required for a thermoreversible
gel to be considered as an effective drug delivery system. The results ob-
tained for gel strength of all the formulations are stated in Table 5 and
Fig. 8. It was observed that gel strength was directly proportional to
the concentration of mucoadhesive polymer C934 in the formulation.

The mucoadhesive potential of the gel was determined by measur-
ing the force required to detach the gel formulation from buccal muco-
sal tissue. Results of the mucoadhesive strength (Table 5) clearly

Fig. 9. Viscosity of CJC thermoreversible gel.

Fig. 8. Gel strength of CJC thermoreversible gel.

Table 5
Evaluation of thermoreversible gel.

Formulation
code

P407
(%w/v)

C934
(%w/v)

Gelation
temperature
(°C)

Gelation
strength
(s)

Mucoadhesive
strength
(dynes/cm2).

CJC1 19 – 32.66 ± 1.15 23 1289
CJC2 19 0.1 32.66 ± 0.51 38 1683
CJC3 19 0.2 31.33 ± 1.03 46 1960
CJC4 19 0.3 29.0 ± 1.73 50 2280
CJC5 19 0.4 28.33 ± 1.52 53 2400

Mean ± SD, n = 3, bold values indicate the optimized batch.

Fig. 7. Representative photograph of CJC thermoreversible gel at (a) room temperature
(24 °C) and (b) gelation temperature (32 °C).
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inferred that the mucoadhesive strength was directly proportional to
the concentration of C934. The reason was attributed to the presence
of high molecular weight of C934 with abundant carboxylic groups,
which in contact with water forms hydrogen bond and readily swells
in water, providing a large adhesive surface for maximum contact
with the mucin (the glycoprotein predominant in the mucous layer).
Hence higher mucoadhesive strength and gelatin like structure may
prolong drug retention in tissue leading to subsequently increase in per-
meation across mucosal tissue.

Viscosity for in situ gel formulations (Fig. 9) shows that the vis-
cosity of each formulation increased with increase in the tempera-
ture. Further there was a sharp rise in viscosity at gelation
temperature which was maintained at the constant value up to
35 °C.

4.9. Stability studies of thermoreversible gel

Optimized formulation evaluated for its stability at accelerated con-
ditions (25± 2 °C; 60± 5% RH) as per ICH stability guidelines Q1A (R2)
displayed no remarkable change in terms of gelation temperature, gela-
tion time and viscosity for a period of 3 months. The results clearly sug-
gested that the formulated thermoreversible gel of CJC was found to be
stable.

4.10. Antibacterial activity of thermoreversible gel

Based on the antimicrobial activity against panel of organisms
(EF, SM, AA, PG and TF) and RT-PCR studies, the thermoreversible
gel of CJC was formulated and optimized with desirable character-
istics for treatment of periodontal infections. Formulated gel was
hence finally compared for its antimicrobial efficiency with
existing commercially available synthetic CHX gel formulation.
Comparative evaluation of antimicrobial activity of thermoreversi-
ble CJC gel (50% w/v) with commercially available gold standard
chlorhexidine gluconate gel CHXM 0.2% (Cervitec® Gel, Ivoclar
Vivadent AG, India) and laboratory chlorhexidine gel (CHXL 0.2%)
against SM, EF, PG, AA & TF was performed using well diffusion
method. Results of well diffusion assay (Fig. 10) clearly suggest
that the zone of inhibition of CJC gel was equivalent with CHXM
gel and CHXL for SM, EF, TF and AA (22 mm) confirming the

potential of herbal extract for its use in periodontal infections. Re-
garding PG, the results clearly demonstrated relatively increased
zone of inhibition of CJC gel (24 mm) when compared to CHXM
(22 mm). These observations suggest that CJC has a potent antimi-
crobial activity with relatively higher sensitivity towards PG which
is the major etiological agent in development of destructive peri-
odontitis. These results supports that CJC can be used as a better
herbal alternative to commercially available CHX gel.

5. Conclusion

The present study represents the formulation of thermoreversi-
ble gel of CJC and its application in the treatment of periodontal
diseases. CJC demonstrated MIC of 5% and MBC of 10% with poten-
tial antiadhesion and antibiofilm property against SM, EF, PG, TF &
AA. Antiadhesion and antibiofilm activity of CJC suggested its po-
tential for use in periodontal diseases. Absence of cytotoxicity of
CJC against isolated periodontal fibroblasts confirms its biocompat-
ible, nontoxic nature making it appropriate for dental application.
Antibacterial activity of CJC was mechanistically supported by
real time PCR, which demonstrated dose dependent down regula-
tion of PG derived virulence factor genes (fim A and kgp). Thermo-
reversible gel formulation of CJC was found to have a desirable
gelation temperature of ≤32 °C, which is ideal for subgingival ap-
plication in periodontitis. CJC thermoreversible gel (50% w/v)
when compared with commercially available chlorhexidine gel
(0.2% Cervitec® Gel, Ivoclar Vivadent AG, India) demonstrated sim-
ilar of inhibition (22–24 mm) against panel of micro-organisms as-
sociated with periodontal and peri-apical infections (SM, EF, TF,
PG& AA). Hence the formulated novel thermoreversible gel of CJC
could serve as an effective alternative local drug delivery for the
treatment of periodontal and associated oral infections.
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Fig. 10.Antibacterial activity of CJC thermoreversible gel formulation comparedwith commercially available chlorhexidine gel formulation (CHXM) and laboratory chlorhexidine (CHX L)
against EF, SM, AA, PG and TF.
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Bioactivity guided isolation of cytotoxic terpenoids and steroids from
Premna serratifolia

Mahesh Biradi and Kirankumar Hullatti

Department of Pharmaconosy, KLE University’s College of Pharmacy, Belagavi, India

ABSTRACT
Context: Despite several phytochemical studies of Premna serratifolia Linn. (Verbenaceae), the isolation of
active constituents of this plant remains to be explored.
Objective: The study isolates cytotoxic terpenoids and steroids from the leaves of Premna serratifolia.
Materials and methods: Unsaponifiable matter of hexane soluble fraction obtained from methanol
extract was subjected to isolation by column chromatography and preparative TLC. Three compounds
PS-01A, PS-01B and PS-02A were isolated. PS-01A and PS-01B were identified by comparative TLC with
authentic marker compounds followed by NMR analysis. Further PS-01B was analyzed by HR-GCMS.
PS-02A was subjected to HR-LCMS. All isolated compounds/fractions were evaluated for cytotoxic activity
by BSL bioassay and using cell lines A549, HepG2 and L6.
Results: Three compounds were isolated from the leaf extract by bioactivity-guided fractionation. Two of
which, namely, PS-01A (oleanolic acid) and PS-02A (unknown) were found to be terpenoids and PS-01B
was identified as steroid (stigmasterol). PS-02A compound is to be purified and characterized further. All
three compounds PS-01A, PS-01B, PS-02A showed cytotoxicity by BSL bioassay (LC50 value of 54.49,
30.83, 16.32ppm, respectively) and by cell line study where isolate PS-02A has shown more cytotoxicity
with LC50 values of 66.77 and 53.72lg/mL with A549 and HepG2 cells, respectively, when compared with
other isolates.
Conclusion: Bioactivity guided fractionation of Premna serratifolia leaves succeeded into isolation of two
terpenoids and one steroid compound with significant cytotoxic activity. Here we report the isolation of
these cytotoxic terpenoids/steroids from this plant for the first time which could be developed as anti-
cancer agents.
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Introduction

Premna serratifolia Linn. (Verbenaceae) is a popular ingredient
of Dashamoolas and is used in various Ayurvedic formulations
due to its wide range of biological and therapeutic uses including
antitumor, antidiabetic, hepato-protective, antiarthritic, anti-
inflammatory, etc. (Yadav et al. 2010; Mali 2015). Premna is a
scandent, erect shrub or small tree, more or less thorny on the
trunk and large branches. Leaves are opposite or whorled and
entire or serrate. The species is common along the Indian penin-
sular and Andaman coast. It is also distributed in the plains of
Maharashtra, Gujarat, Assam, Khasi hills and Tarai (National
Medicinal Plants Board 2008).

Terpenoids are the largest class of naturally occurring com-
pounds having mainly cytotoxic properties. A large number of
terpenoids exhibit cytotoxicity against a variety of tumour cells
and cancer preventive as well as anticancer efficacy in preclinical
animal models (Thoppil & Bishayee 2011). The anticancer activ-
ity of terpenoids appears promising and will potentially open
more opportunities for cancer therapy (Huang et al. 2012).

As part of continuous studies on phytochemical investigations
of Premna serratifolia leaves, the terpenoidal fraction was
screened to identify and isolate the phyto-constituents seen on
TLC profile and attempt was made to elucidate the structure of
the isolates. Despite several phytochemical studies which proved

the cytotoxic activity of leaf extracts, no reports were available on
isolation based study. Methanol extract of Premna serratifolia
leaves were found to have radical scavenging activity and tumour
cell suppression potential (Selvam et al. 2012). Hence our focus
was to isolate cytotoxic terpenoids from leaves extract to explore
it for its anticancer potential.

Materials and methods

Plant material

Leaves of Premna serratifolia were collected from the premises of
Regional Medical Research Centre (ICMR), Belagavi during
January 2011 and authenticated by Dr. Harsha Hegde, Scientist
‘B’ ICMR, Belagavi, India. The voucher specimen of the
plant (Accession Number RMRC-554) is deposited in ICMR
Herbarium repository. Previously collected and authenticated
plant material was used for the study.

Extraction, fractionation and cytotoxicity by BSL assay

The powdered leaves were subjected to extraction with methanol.
The extract was then fractionated according to the modified
method adopted by Cos et al. (2006); Bhat et al. 2006; Hullatti
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et al. 2013. Cytotoxicity study was done for all sub fractions
including isolated compounds by brine shrimp lethality (BSL)
assay in accordance with the procedure adopted by McLaughlin
and Rogers (1998). Phytochemical investigation was done for
sub-fractions and isolates to confirm the presence of terpenoids/
steroids by performing the chemical test of Liebermann Burchard
Reaction according to the standard procedure (Sandjo & Kuete
2013; Bhat et al. 2006).

Identification of the compounds

The number of compounds present in the sub-fractions obtained
by column chromatography has been identified by thin layer
chromatography (TLC). Optimized mobile phase i.e., toluene:
ethyl acetate: glacial acetic acid (7:2:1) was used. Visualization
of spot/band was done after derivatization with anisaldehyde-
sulphuric acid spraying reagent.

Isolation of the phytoconstituents

Based on the previous study results which proved the cytotoxicity
of the fractions tested by BSL bioassay (Biradi & Hullatti 2014),
only cytotoxic fractions, i.e., n-hexane soluble fraction of metha-
nol extract was taken up for isolation of terpenoids/steroids. The
n-hexane soluble fraction was subjected to saponification as per
Ethiopian standard procedure (Ethiopian Standards Agency
2012). Unsaponifiable portion was taken up for silica based col-
umn chromatography. Open column chromatography was carried
out using Silica gel 60. Preparative TLC was done using silica gel
F254 and analytical TLC was done using pre-coated TLC plates
coated with silica gel 60 F254. The different fractions were gener-
ated using gradient elution technique using petroleum ether,
chloroform and acetone respectively by increasing the polarity
gradually. The petroleum ether elution yielded PS-01 and chloro-
form/pet ether (1:4) elution yielded PS-02 sub-fractions. As per
column fractionation done by Biradi and Hullatti (2015), a total
5 sub-fractions (SF) were generated from unsaponifiable portion
(PS/F1/USM). The separation of all the sub fractions was estab-
lished by TLC.

The methanol layer (MLR) obtained after processing/washing
the isolated compounds PS-01 and PS-02 with methanol, were
taken up for further purification on observation of TLC pattern
where MLR of PS-01 was found to contain 2 bands with good
resolution and MLR of PS-02 showed a single band near solvent
front. The MLR of PS-01 fraction was subjected to comparative
TLC with marker compounds oleanolic acid and stigmasterol
available in the laboratory (Figure 1) where unsaponifiable matter
(USM) was used as starting material of TLC and further sub-
jected to preparative TLC for separation. The separation was
confirmed again by TLC and coded as PS-01A and PS-01B. Both
the separated compounds exhibited the same colour and Rf when
compared with the authentic standards. Then PS-01A and PS-
01B were subjected for characterization by HR-GCMS and NMR
analysis to identify and confirm the structure. The MLR of PS-02
was coded as PS-02A (Figure 2) was subjected to HR-LCMS.

Preparative TLC

A streak of crude fraction was applied manually on a preparative
TLC glass plate (20 cm �20 cm; 1 to 1.5mm thickness). After air
drying, the plate was developed in a pre-saturated glass chamber
with mobile phase toluene: ethyl acetate: glacial acetic acid

Figure 1. TLC of PS-01 MLR with markers.

Figure 2. TLC of PS-02 A.
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(7:2:1). Two plates were used in parallel where one was sprayed
with ANS reagent and another was used to scrap off the sepa-
rated bands carefully from the plate. The scratched sample was
dissolved in chloroform and centrifuged at 3000 rpm for 5min in
order to remove silica. The supernatant was collected and filtered
into separate Eppendorf tubes using 0.45 lm syringe filters. The
tubes were kept open until the filtered supernatant dried com-
pletely. Then, the tubes were stored in desiccator at room tem-
perature for further use (Rajauria & Abu-Ghannam 2013).

GC–MS analysis

Gas chromatography coupled with high resolution mass spec-
trometry (HR-GCMS) analysis was performed with an Agilent
Technologies 7890A gas chromatograph coupled to an AccuTOF
GC-5 mass selective detector under the following instrumental
conditions: HP-5 capillary column (30m, 0.25mm i.d., 0.25 lm
film thickness) with oven temperature programed as initial tem-
perature 40 �C for 1min, then increased to 260 �C at the value of
15 �C/min for 5min, final temperature 280 �C at the value of
20 �C/min. Head pressure was 18 psi; injector temperature:
270 �C; injection mode: 0.2min splitless, volume injected 1 lL;
detector temperature: 290 �C; carrier gas: helium. MS conditions:
ion source temperature: 230 �C; electron impact: 70 eV; acquisi-
tion mode: scan (m/z 50–500).

LC-MS analysis

Liquid chromatography coupled with high resolution mass spec-
trometry (HR-LCMS) analysis was performed with an Agilent
Technologies 6550 LC coupled to an iFunnel QTOF mass ESI
detector under the following instrumental conditions: Column
Details: Zorbax SB C18, 2.1� 50mm, 1.8 l. Solvent A: 100%
MilliQ Water þ0.1% Formic Acid, Solvent B: 100% Acetonitrile
þ0.1% Formic Acid, Flow rate: 0.3mL/min, Injection Volume:
3 lL, Run Time: 30min, Elution mode: Gradient.

Cytotoxicity of the isolated compound/fraction by Brine
Shrimp Lethality (BSL) bioassay

Isolated compounds/fraction PS-01A, PS-01B and PS-02A were
evaluated for cytotoxic activity by BSL bioassay according to
method developed by McLaughlin and Rogers (1998). The brine
shrimp (Artemia salina Lich.) eggs were procured from
Department of Pharmacology, Manipal College of Pharmaceutical
Sciences, Manipal, India. Brine shrimp eggs (50–60mg) were
sprinkled into darkened compartment of hatching chamber con-
taining sea water and allowed to hatch at room temperature for
48 h. After hatching, the shrimps (nauplii) started to move
toward smaller illuminated compartment through the holes made
on compartment divider. About 10 nauplii were transferred into
individual test tubes using pasture pipette along with sea water
adjusting its final volume to 5mL with sea water. A drop of dry
yeast suspension was added to each test tube followed by test
samples. Samples and standard (potassium dichromate) stocks
were prepared in DMSO and further diluted with sea water to
get final concentration of 10, 100, and 1000lg/mL. Experiments
were performed in triplicate for each concentration. Control tests
were done by using equal volumes of distilled water. The test
tubes were maintained under illumination. After 24 h, number
of survivors were counted and the percentage of mortality and

LC50 values were calculated by probit analysis using IBM SPSS
Statistics for Windows, Version 20.0. (IBM Corp., Armonk, NY).

Cytotoxicity of the isolated compound/fraction on A549,
HepG2 and L-6 cell lines by MTT assay

A-549 (Human, small cell lung carcinoma), HepG-2 (Human,
hepatic cancer) and L-6 (Rat, normal skeletal muscle) cell cul-
tures were procured from National Centre for Cell Sciences,
Pune, India. Test samples were dissolved in DMSO. Stock
solution was prepared to final concentration of 1mg/mL with
Dulbecco’s Modified Eagle Medium (DMEM) in 2% fetal
bovine serum (FBS) and filtered. The tests were performed in
duplicate. The monolayer cell culture was trypsinized and the
cell count was adjusted to 1.0� 105 cells/mL using DMEM
containing 10% FBS. To each well of the 96 well microtitre
plate, 0.1mL of the diluted cell suspension was added. After
24 h, supernatant was flicked off upon formation of partial
monolayer. The monolayer was then washed with medium and
100 lL of different test concentrations 62.5, 125, 250, 500,
1000 lg/mL of test drugs were added on to the monolayer in
microtitre plates. The plates were then incubated at 37 �C for
3 days in 5% CO2 atmosphere and observations were noted
every 24 h interval by microscopic examination. After 72 h, the
drug solutions in the wells were discarded and 50 lL of MTT
in PBS were added to each well. The plates were gently
shaken and incubated again for 3 h at 37 �C in a 5% CO2

atmosphere. The supernatant was removed and 100lL of pro-
panol was added and mixed. The absorbance was measured
using a microplate reader at a wavelength of 540 nm. The per-
centage growth inhibition was calculated using the following
formula and concentration of test drug needed to inhibit cell
growth by 50% (IC50) values was generated from the dose-
response curves for each cell line (Danizot & Lang 1986)

% Growth Inhibition

¼ 100� Mean OD of individual test group
Mean OD of control group

� 100
� �

Results and discussion

Unsaponifiable portion of n-hexane soluble fraction obtained
from methanol extract was subjected to silica-based column
chromatography followed by preparative TLC to yield three com-
pounds. The PS-01A and PS-01B are found to be known com-
pounds which were identified by comparative TLC with known
marker compounds oleanolic acid and stigmasterol. PS-01A was
obtained as light yellowish crystalline solid. It was found to be
oleanolic acid (OA) upon comparing the TLC profile with
authentic standard OA marker compound where both the test
and standard compounds showed similar Rf value of 0.50 with
same physical data and 1H and 13C NMR studies confirmed the
structure. 1H-NMR (300MHz, CDCl3): d 0.79, 0.94, 1.00, 1.15,
1.27 (3H, s), 1.64 (3H, s, H-27), 2.86 (1H, dd, H-18), 3.25 (1H,
dd, H-3), 5.30 (1H, t, H-12). 13C-NMR (300MHz, CDCl3): d
77.01 (C-3). PS-01B was obtained as white crystalline solid. It
was found to be stigmasterol by comparative TLC along with
authentic stigmasterol marker and showed the same Rf (0.57).
The compound was confirmed by matching the data of mass
fragmentation coupled with gas chromatography (HR-GCMS)
and National Institute Standard and Technology (NIST) data
library and 1H and 13C NMR result supports the structure. HR-
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GCMS predicted the molecular formula as C29H48O. GCMS m/z
(% relative abundance): 412(Mþ, 65), 397(14), 300(28), 271(16),
255(25), 213(9), 159(41), 145(37), 133(44), 105(46), 83(70),
55(100). 1H-NMR (300MHz, CDCl3): d 0.87 (d, 3H), 1.05
(s, 3H), 1.03 (s, 3H), 3.62 (tdd, 1H), 5.04 (m, 1H), 5.13 (m,
1H), 5.36 (t, 1H). 13C-NMR (300MHz, CDCl3): d 140.76,
138.31, 129.28, 121.71, 71.81, 56.87, 55.96, 51.24, 50.17, 42.32,
42.22, 40.49, 39.69, 37.26, 36.52, 31.90, 31.68, 28.92, 25.40, 24.37,
21.21, 21.08, 19.40, 18.98, 12.24, 12.05. The sub fraction PS-02A
was obtained as pale yellow amorphous semisolid mass. The TLC
showed the Rf of 0.97 and it was found to contain three major
peaks/compounds by HR-LCMS spectral analysis (Figure 3).
Among the three compounds, the compound at RT 11.288,
13.525 and 15.161 were found to have mass (m/z) of 573.25,
387.18 and 415.21 respectively. However, these compounds can
be isolated in pure form by preparative HPLC with same chro-
matographic conditions used for LCMS method. All fractions/
compounds were tested for cytotoxicity by BSL bioassay (Table
1) as well as on cell lines A-549, HepG2, and L-6 as normal
which showed significant cytotoxicity (Table 2). The isolate PS-
02A has shown more cytotoxic effect with LC50 value of 66.77,
53.72 on A549, HepG2, respectively, as compared with normal
cell line L-6 which shown LC50 of 112.93. Both cell lines showed
significant cytotoxicity on isolated compounds as compared to

normal cell line L-6. Graphical representation is shown in Figure
4.

This study reveals the isolation of cytotoxic terpenoids and
steroids from Premna serratifolia leaves by bioactivity guided
fractionation. Based on the previous study results, cytotoxic ter-
penoid and steroid fractions were selected for isolation of active
compounds. Unsaponifiable matter obtained by saponification of
fractions was considered for column chromatography study
where we succeeded in isolation of three compounds (oleanolic
acid, stigmasterol, and one unknown compound). Further iso-
lated compounds were tested for cytotoxicity study on cell lines.
The unknown compound PS-02A showed more cytotoxic effect
as compared with other known compounds. Although oleanolic
acid and stigmasterol are abundantly present in most of the
medicinal plants, the same have not yet been explored from
Premna serratifolia. Hence, this is a new approach towards iden-
tification of phytoconstituents from this plant.

Recently, cytotoxicity screening on methanol extract of leaves,
root bark and root wood of Premna serratifolia was performed
using two cancer cell lines: B16 melanoma and SHSY-5Y neuro-
blastoma cells where a potent concentration-dependent cytotox-
icity was shown by root bark extract whilst the leaves and root
wood extracts did not show activity up to the highest concentra-
tions tested (Habtemariam & Varghese 2015). Recent in vitro
studies have revealed that the oleanolic acid and stigmasterol
possesses the anticancer activity. Oleanolic acid induced a dose-
dependent and time-dependent inhibition of HepG2 hepatocellu-
lar cancer cell growth mediated through arrest of the cell cycle,
the induction of apoptosis and DNA fragmentation (Zhu et al.
2015). Stigmasterol has been reported to have chemopreventive
effect on 7,12-dimethylbenz[a]anthracene (DMBA)-induced skin
cancer investigated in Swiss albino mice (Ali et al. 2015).

In conclusion, bioactivity guided fractionation of Premna ser-
ratifolia leaves succeeded into isolation of two known

Table 2. Cytotoxicity of the isolated compounds/fractions on cell
lines.

Compound
IC50 (PPM)

A549 HepG2 L6

PS-01A 90.53 69.57 228.59
PS-01B 82.76 74.29 160.20
PS-02A 66.77 53.72 112.93

The compounds/fractions with IC50 values �100 lg/ml were con-
sidered as active.

Figure 3. LCMS of PS-02 A.

Table 1. Cytotoxicity of the isolated compounds/fractions by BSL assay.

Mean percent death after 24 h (concentration in lg/ml)

Fraction code Fraction name 10 100 1000 LC50 (PPM)

Control Normal 0.00 0.00 0.00 0.00
Standard Potassium dichromate 40 100 100 11.50
PS-01A Oleanolic acid 23.33 ± 0.33 53.33 ± 0.33 96.67 ± 0.33 54.49
PS-01B Stigmasterol 36.67 ± 0.33 66.67 ± 0.33 76.67 ± 0.33 30.83
PS-02A Unknown 40 83.33 ± 0.33 100 16.32

Cytotoxicity effects (mean percent death after 24 h with LC50 values) of the plants are expressed in terms of mean ± S.E.M. of three
replicates of samples.
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compounds, i.e., oleanolic acid, stigmasterol, and one unknown
impure compound. This study constitutes the first time isolation
and identification of cytotoxic terpenoids and steroids from the
leaves of Premna serratifolia plant which could be developed as
anticancer agents.
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Abstract A series of 1,3,4-trisubstituted pyrazole deriva-
tives (3a–f), (4a–r), (5a–f) and (6a–f) have been synthe-
sized and evaluated for their Mycobacterium tuberculosis
(MTB) (H37Rv) inhibitory activity. The structures of newly
synthesized compounds were characterized by IR, 1H
NMR, 13C NMR and mass spectral analysis. Among the
thirty six compounds screened for in vitro anti-
mycobacterial activity against MTB, three compounds 3b,
3e and 3f demonstrated significant growth inhibitory activ-
ity with minimum inhibitory concentration of 0.78 µg/ml.
The selected compounds were further tested for cytotoxic
activity against normal human dermal fibroblast cell lines
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium-
bromide (MTT) assay and exhibited no significant cyto-
toxicity. Molecular docking simulation studies were carried
out in order to better understand the hypothetical binding

interaction to the MTB NADH-dependent enoyl–acyl carrier
protein reductase.

Keywords Thiazole ● Thiadiazole ● Pyrazole ● Anti-
mycobacterial ● Docking ● Drug likeness

Introduction

Tuberculosis (TB) is a highly infectious disease claiming
thousands of lives worldwide every year. It is a widespread
airborne disease caused due to the causative agent bacter-
ium Mycobacterium tuberculosis (MTB). TB has been
emerging as a major global health problem accounting for 9
million new cases and 1.5 million deaths during the year
2013 (WHO 2014). According to WHO, about 4.5 million
prevalent and 3.4 million incident cases reside in the South-
East Asia region, with India alone being associated with
21% of world deaths and 23% of world’s incident cases for
TB (WHO 2015). Various first line drugs like isoniazid
(Nydrazid), rifamipin (Rimactane), etambutol (Myambutol),
pyrazinamide (Pyrazide) have been successfully used as
antitubercular agents. However, resurgence of TB in form
of multi drug resistant TB (MDR-TB), extremely drug
resistant TB (XDR-TB) and totally drug resistant TB (TDR-
TB) has resulted in drug resistant-TB strains which no
longer respond to first-line drugs and are inexorably
spreading among populations globally (Abubakar et al.
2013; Lawn et al. 2013). Thus, chemotherapy of TB has
been a subject of immense investigation owing to the
emergence of resistant TB strains and continued rise in
mortality rates due to this disease.

Pyrazole frameworks constitute a primary class of
heterocyclic compounds grabbing a great portion of
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limelight in the research field owing to the wide range
of activities displayed by them. Pyrazole derivatives
have displayed diverse biological activities like antic-
ancer, analgesic, anti-inflammatory, antipyretic, anti-
mycobacterial, antifungal, antibacterial, antioxidant,
antiviral (Koca et al. 2013; Chandra et al. 2013; El-Sayed
et al. 2012; Dannhardt and Kiefer 2001; Alegaon et al.
2014a, c; Faraj Khan et al. 2016; Sullivan et al. 2005;
Havrylyuk et al. 2016; Bandgar et al. 2009). Additionally,
they have also been utilized in the treatment of influenza,
depression, diabetes, Alzheimer’s disease and athero-
sclerosis (Gokhan-Kelekci et al. 2009; Shih et al. 2010;
Shen et al. 2011; Liu et al. 2011). Furthermore, thiazoles
represent a key scaffold in heterocyclic chemistry, occu-
pying a place of prime importance in drug development
due to their capability of exhibiting a wide range of
bioactivities such as antifungal, anti-inflammatory, antic-
ancer, antiparasitic, antiviral, antiulcer, antitubercular,
and hypolipidemic (Helal et al. 2013; El-Messery et al.
2012; Cai et al. 2013; Luzina and Popov 2009; Cohen
et al. 2012; Mokale et al. 2010; Makam et al. 2013;
Karuvalam et al. 2012). In view of the diverse biological
activities of 1,3,4-trisubstituted pyrazole compounds and
in an attempt to search new antitubercular agents with
potent MTB inhibitory activity (Alegaon et al. 2012,
2014a). In the present study, we report the design,
synthesis and the structure relationship of series of 1,3,4-
trisubstituted pyrazole derivatives possessing thiazole,
thiazolidinone and thiadiazole moieties as selective MTB
inhibitors.

Materials and methods

Chemicals and instrumentation

All the chemicals used in this study were purchased from
Aldrich, SD fine and Himedia. Melting points were deter-
mined in open capillary tubes and are uncorrected. The
progress of the reactions was monitored by thin-layer
chromatography (TLC) using Merck precoated silica gel
plates (F 254). The IR spectra were recorded on Shimadzu
FTIR spectrophotometer. NMR spectra were recorded on
AMX-400, Bruker-400 liquid-state NMR spectrometer
using tetramethylsilane (TMS) as the internal standard.
Chemical shifts were recorded as δ (ppm). Mass spectra
were measured on an LCMS-2010A. Spectra facilities were
carried out by Sophisticated Analytical Instruments Facility
(SAIF) division of Indian Institute of Science, Bangalore,
India. Compounds (3a–f, 5a–f, and 6a–f) have been pre-
viously reported by our research group (Alegaon et al.
2014b).

Chemistry

General procedure for the synthesis of the compounds (4a–r)

Equimolar amount of (3a–c) 1-((3-(substituted)-1-phenyl-
4,5-dihydro-1H-pyrazol-4-yl) methylene)thiosemicarbazide
(5 mmole) or (3d–f) 1-((3-(substituted)-1-phenyl-4,5-dihy-
dro-1H-pyrazol-4-yl)methylene)4-phenylthiosemicarbazide
(5 mmole), substituted phenacyl bromide (5 mmol) were
dissolved in 20 ml of absolute ethanol and stirred 20 h at
80 °C with catalytic amount of acetic acid. The reaction was
monitored by TLC for completion. Reaction mixture was
cooled to room temperature; the solid precipitated was fil-
tered; washed with water; dried, further washed with sol-
vent ether.

(Z)-4-(4-chlorophenyl)-2-(2-((3-(4-chlorophenyl)-1-phenyl-
1H-pyrazol-4-yl) methylene) hydrazinyl) thiazole (4a)
This compound was prepared according to general proce-
dure and it was obtained as Brown solid; yield 32%; m.p.:
183–185 °C; IR (KBr, cm−1): 3334 (N–H), 1602 (C=C),
1506 (C=N), 1348 (C-S).1H NMR (400MHz, δ, ppm,
DMSO-d6): 7.39–7.41 (m, 2H, Ar–H), 7.54–7.59 (m, 5H,
Ar–H), 7.70–7.76 (m, 4H, Ar–H), 7.90 (d, 2H, J= 7.6 Hz,
Ar–H), 8.20 (s, 1H, thiazole), 8.25 (s, 1H, C=N), 9.18 (s,
1H, pyrazole), 11.31 (s, 1H, NH). 13C NMR (100MHz, δ,
ppm, DMSO-d6): 117.3, 118.5, 128.7, 129.6, 129.7, 133.3,
134.6, 150.0, 177.5. MS (ESI) m/z= 491 (M+1).

(Z)-4-(4-bromophenyl)-2-(2-((3-(4-chlorophenyl)-1-phenyl-
1H-pyrazol-4-yl) methylene) hydrazinyl)thiazole (4b)
This compound was prepared according to general proce-
dure and it was obtained as yellow colour solid; yield: 58%,
m.p.: 248–250 °C; IR (KBr, cm−1): 3278 (N–H), 1620
(C=C), 1535 (C=N), 1368 (C–S). 1H NMR (400MHz, δ,
ppm, DMSO-d6): 7.38–7.90 (m, 2H, Ar–H), 7.53–7.63 (m,
2H, Ar–H), 7.71–7.76 (m, 2H, Ar–H), 7.78–7.81 (m, 3H,
Ar–H), 7.90 (d, 2H, J= 7.6 Hz, Ar–H), 7.99 (d, 2H,
J= 7.6 Hz, Ar–H), 8.15 (s, 1H, thiazole), 8.19 (s, 1H,
C=N), 9.19 (s, 1H, pyrazole), 11.33 (s, 1H, NH). 13C NMR
(100MHz, δ, ppm, DMSO-d6): 116.9, 118.5, 118.7, 120.4,
121.8, 126.9, 127.4, 129.1, 129.6, 130.0, 130.5, 131.4,
131.4, 131.5, 131.6, 138.9, 149.4. MS (ESI) m/z= 536
(M+1).

(Z)-2-(2-((3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)
methylene)hydrazinyl)-4-(4-nitrophenyl)thiazole (4c) This
compound was prepared according to general procedure and
it was obtained as red colour solid; yield: 57%, m.p.:
249–251 °C; IR (KBr, cm−1): 3327 (N–H), 1597 (C=C)
1543 (C=N), 1344 (C–S), 729 (C–Cl). 1H NMR (400MHz,
δ, ppm, DMSO-d6): 7.38 (t, 1H, J= 7.4 Hz, Ar–H),
7.53–7.61 (m, 2H, Ar–H), 7.70–7.72 (m, 2H, Ar–H), 7.78

Med Chem Res

Author's personal copy



(s, 1H, thiazole), 7.86–7.91 (m, 2H, Ar–H), 7.99 (d, 2H, J
= 7.6 Hz, Ar–H), 8.11 (d, 2H, J= 8.8 Hz, Ar–H), 8.29 (d,
2H, J= 8.8 Hz, Ar–H), 8.93 (s, 1H, C=N), 9.19 (s, 1H,
pyrazole), 11.33 (s, 1H, NH). 13C NMR (100MHz, δ, ppm,
DMSO-d6): 116.0, 118.8, 125.2, 127.2, 128.1, 128.3, 128.8,
129.6, 129.8, 130.7, 133.3, 135.4, 138.7, 138.8, 150.4,
175.2. MS (ESI) m/z= 502 (M+1). C25H17ClN6O2S.

(Z)-2-(2-((3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)
methylene) hydrazinyl)-4-(4-chlorophenyl) thiazole (4d)
This compound was prepared according to general proce-
dure and it was obtained as yellow colour solid; yield: 32%,
m.p.: 238–240 °C; IR (KBr, cm−1): 3334 (N–H), 1600
(C=C), 1545 (C=N), 1352 (C–S). 1H NMR (400MHz, δ,
ppm, DMSO-d6): 7.39–7.41 (m, 2H, Ar–H), 7.55–7.59 (m,
6H, Ar–H), 7.72 (d, 2H, J= 8.4 Hz, Ar–H), 7.79 (s, 1H,
Ar–H), 7.91 (d, 2H, J= 8.0 Hz, Ar–H), 8.20 (s, 1H, thia-
zole), 8.27 (s, 1H, C=N), 9.19 (s, 1H, pyrazole), 11.33 (s,
1H, NH). 13C NMR (100MHz, δ, ppm, DMSO-d6): 117.3,
118.5, 127.0, 127.9, 128.7, 129.6, 129.8, 130.9, 133.3,
134.6, 138.9, 150.0, 177.5. MS (ESI) m/z= 536 (M+1),
537 (M+2).

(Z)-4-(4-bromophenyl)-2-(2-((3-(4-bromophenyl)-1-phe-
nyl-1H-pyrazol-4-yl) methylene) hydrazinyl) thiazole (4e)
This compound was prepared according to general proce-
dure and it was obtained as yellow colour solid; yield: 51%,
m.p.: 243–245 °C; IR (KBr, cm−1): 3309 (N–H), 1628
(C=C), 1502 (C=N), 1317 (C–S). 1H NMR (400MHz, δ,
ppm, DMSO-d6): 7.36–7.39 (m, 3H, Ar–H), 7.53–7.63 (m,
2H, Ar–H), 7.71–7.73 (m, 2H, Ar–H), 7.78–7.81 (m, 2H,
Ar–H), 7.90 (d, 2H, J= 7.6 Hz, Ar–H), 7.99 (d, 2H, J=
7.6 Hz, Ar–H), 8.20 (s, 1H, thiazole), 8.92 (s, 1H, C=N),
9.19 (s, 1H, pyrazole), 11.74 (s, 1H, NH). 13C NMR (100
MHz, δ, ppm, DMSO-d6): 118.6, 127.4, 129.6, 130.0,
130.5, 131.2, 131.5, 131.7, 135.4, 138.5, 138.9, 140.3,
150.3, 173.2. MS (ESI) m/z= 580 (M+1), 581 (M+2).

(Z)-2-(2-((3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)
methylene)hydrazinyl)-4-(4-nitrophenyl)thiazole (4f) This
compound was prepared according to general procedure and
it was obtained as orange colour solid; yield: 60%, m.p.:
248–250 °C; IR (KBr, cm−1): 3327 (N–H), 1597 (C=C),
1504 (C=N), 1344 (C–S). 1H NMR (400MHz, δ, ppm,
DMSO-d6): 7.38 (t, 1H, J= 7.6 Hz, Ar–H), 7.53–7.61 (m,
3H, Ar–H), 7.72 (d, 2H, J= 6.4 Hz, Ar–H), 7.86–7.91 (m,
2H, Ar–H), 7.99 (d, 2H, J= 8.0 Hz, Ar–H), 8.09–8.29 (m,
3H, Ar–H), 8.93 (s, 1H, thiazole), 9.19 (s, 1H, C=N), 11.33
(s, 1H, pyrazole), 12.11 (s, 1H, NH). 13C NMR (100MHz,
δ, ppm, DMSO-d6): 118.7, 124.0, 126.2, 128.5, 129.6,
130.2, 131.5, 135.6, 137.6, 138.2, 150.3, 172.2. MS (ESI)
m/z= 546 (M+1).

(Z)-4-(4-chlorophenyl)-2-(2-((3-(4-methoxyphenyl)-1-phe-
nyl-1H-pyrazol-4-yl) methylene)hydrazinyl)thiazole (4g)
This compound was prepared according to general proce-
dure and it was obtained as brown colour solid; brown solid,
yield: 45%, m.p.: 236–238 °C; IR (KBr, cm−1): 3346
(N–H), 1629 (C=C), 1525 (C=N), 1350 (C–S). 1H NMR
(400MHz, δ, ppm, DMSO-d6): 3.84 (s, 3H, OCH3), 7.09
(d, 2H, J= 8.8 Hz, Ar–H), 7.38 (t, 1H, J= 7.6 Hz, Ar–H),
7.54 (d, 2H, J= 8 Hz, Ar–H), 7.58 (d, 2H, J= 8.8 Hz,
Ar–H), 7.74 (d, 2H, J= 8.8 Hz, Ar–H), 7.79 (d, 2H, J=
8.4 Hz, Ar–H), 7.97 (d, 2H, J= 8 Hz, Ar–H), 7.98 (s, 1H,
thiazole), 8.15 (s, 1H, C=N), 8.85 (s, 1H, pyrazole), 11.95
(s, 1H, NH). 13C NMR (100MHz, δ, ppm, DMSO-d6):
55.3, 116.9, 118.7, 125.4, 127.8, 128.5, 128.8, 129.4,
130.0, 150.3, 175.2. MS (ESI) m/z= 487 (M+1).

(Z)-4-(4-bromophenyl)-2-(2-((3-(4-methoxyphenyl)-1-phe-
nyl-1H-pyrazol-4-yl) methylene)hydrazinyl)thiazole (4h)
This compound was prepared according to general proce-
dure and it was obtained as yellow colour solid; yield: 74%,
m.p.: 223–225 °C; IR (KBr, cm−1): 3309 (N–H), 1612
(C=C), 1504 (C=N), 1396 (C–S). 1H NMR (400MHz, δ,
ppm, DMSO-d6): 3.84 (s, 3H, OCH3), 7.07 (d, 2H, J= 8.8
Hz, Ar–H), 7.36 (t, 1H, J= 7.6 Hz Ar–H), 7.54 (d, 2H, J=
8 Hz, Ar–H), 7.58 (d, 2H, J= 8.8 Hz, Ar–H), 7.72 (d, 2H, J
= 8.8 Hz, Ar–H), 7.78 (d, 2H, J= 8.4 Hz, Ar–H), 7.97 (d,
2H, J= 8 Hz, Ar–H), 7.99 (s, 1H, thiazole), 8.15 (s, 1H, C
=N), 8.85 (s, 1H, pyrazole), 11.95 (s, 1H, NH). 13C NMR
(100MHz, δ, ppm, DMSO-d6): 118.6, 120.5, 124.3, 127.4,
129.6, 130.5, 131.4, 131.8, 132.3, 134.7, 137.7, 138.2,
149.6, 173.9. MS (ESI) m/z= 531 (M+1).

(Z)-2-(2-((3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-yl)
methylene)hydrazinyl)-4-(4-nitrophenyl)thiazole (4i) This
compound was prepared according to general procedure and
it was obtained as yellowish-orange colour solid; yield:
60%, m.p.: 248–250°C; IR (KBr, cm−1): 3327 (N–H), 1631
(C=C), 1508 (C=N), 1344 (C–S). 1H NMR (400MHz, δ,
ppm, DMSO-d6): 3.84 (s, 3H, OCH3) 7.10 (d, 2H, J= 8.8
Hz, Ar–H), 7.37 (t, 1H, J= 7.6 Hz, Ar–H), 7.54 (m, 2H,
Ar–H), 7.71–7.74 (m, 3H, Ar–H), 7.99 (d, 2H, J= 7.6 Hz,
Ar–H), 8.11 (d, 2H, J= 8.8 Hz, Ar–H), 8.16 (s, 1H, thia-
zole), 8.29 (d, 2H, J= 8.8 Hz, Ar–H), 8.87 (s, 1H, pyr-
azole), 12.07 (s, 1H, NH). 13C NMR (100MHz, δ, ppm,
DMSO-d6): 55.2, 113.9, 118.6, 124.0, 126.2, 129.5, 129.7,
130.6, 133.8, 137.7, 138.5, 150.1, 175.3. MS (ESI) m/z=
497 (M+1).

(Z)-4-(4-chlorophenyl)-2-((Z)-((3-(4-chlorophenyl)-1-phe-
nyl-1H-pyrazol-4-yl) methylene) hydrazono)-3-phenyl-2,3-
dihydrothiazole (4j) This compound was prepared
according to general procedure and it was obtained as yel-
low colour solid; yield: 50%, m.p.: 248–250 °C; IR (KBr,
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cm−1): 3067 (Ar–H), 1598 (C=C), 1504 (C=N), 1350
(C–S). 1H NMR (400MHz, δ, ppm, DMSO-d6): 7.22–7.25
(m, 2H, Ar–H), 7.37–7.41 (m, 4H, Ar–H), 7.55–7.63 (m,
5H, Ar–H), 7.69 (d, 2H, J= 8.4 , thiazole), 9.24 (s, 1H,
C=N), 9.79 (s, 1H, pyrazole), 11.75 (s, 1H, NH). 13C NMR
(100MHz, δ, ppm, DMSO-d6): 116.9, 118.7, 122.0, 125.2,
127.2, 128.2, 128.3, 129.7, 130.2, 131.3, 131.7, 135.4,
138.7, 138.9, 150.3, 175.2. MS (ESI) m/z= 567 (M+1).

(Z)-4-(4-bromophenyl)-2-((Z)-((3-(4-chlorophenyl)-1-phe-
nyl-1H-pyrazol-4-yl)methylene)hydrazono)-3-phenyl-2,3-
dihydrothiazole (4k) This compound was prepared
according to general procedure and it was obtained as yel-
low colour solid; yield: 54%, m.p.: 230–232 °C; IR (KBr,
cm−1): 3052 (Ar–H), 1624 (C=C), 1546 (C=N), 1323
(C–S). 1H NMR (400MHz, δ, ppm, DMSO-d6): 7.22–7.26
(m, 2H, Ar–H), 7.33–7.41 (m, 4H, Ar–H), 7.49–7.61
(m, 5H, Ar–H), 7.68–7.76 (m, 4H, Ar–H), 7.92 (d, 2H,
J= 7.6 Hz, Ar–H), 8.32 (s, 1H, thiazole), 9.25 (s, 1H,
C=N), 9.79 (s, 1H, pyrazole), 11.75 (s, 1H, NH).13C NMR
(100MHz, δ, ppm, DMSO-d6): 150.3, 138.9, 138.7, 135.4,
133.4, 130.9, 129.9, 129.6, 128.8, 128.3, 128.2, 127.2,
125.3, 118.7, 117.0. 175.2. MS (ESI) m/z= 612 (M+1),
613 (M+2).

(Z)-2-((Z)-((3-(4-chlorophenyl)-1-phenyl-1H-pyrazol-4-yl)
methylene)hydrazono)-4-(4-nitrophenyl)-3-phenyl-2,3-
dihydrothiazole (4l) This compound was prepared
according to general procedure and it was obtained as brown
colour solid; yield: 60%, m.p.: 235–237 °C; IR (KBr, cm−1):
3026 (Ar–H), 1597 (C=C), 1546 (C=N), 1348 (C–S), 729
(C–Cl). 1H NMR (400MHz, δ, ppm, DMSO-d6): 7.21 (d,
2H, J= 7.6Hz, Ar–H), 7.37–7.41 (m, 4H, Ar–H), 7.55–7.62
(m, 5H, Ar-H), 7.69 (d, 2H, J= 8.4 Hz, Ar-H), 7.74 (d, 2H,
J= 8.4 Hz, Ar–H), 7.92 (d, 2H, J= 7.6 Hz, Ar–H), 8.31 (s,
1H, thiazole), 9.24 (s, 1H, C=N), 9.77 (s, 1H, pyrazole),
11.74 (s, 1H, NH). 13C NMR (100MHz, δ, ppm, DMSO-
d6): 125.3, 128.2, 129.7, 130.2, 131.7, 132.6, 135.1, 138.3,
138.9, 150.7, 171.8. MS (ESI) m/z= 578 (M+1).

(Z)-2-((Z)-((3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)
methylene)hydrazono)-4-(4-chlorophenyl)-3-phenyl-2,3-
dihydrothiazole (4m) This compound was prepared
according to general procedure and it was obtained as yel-
low colour solid; yield: 46%, m.p.: 238–240 °C; IR (KBr,
cm−1): 3050 (Ar–H), 1597 (C=C), 1546 (C=N), 1323
(C–S). 1H NMR (400MHz, δ, ppm, DMSO-d6): 7.20 7.24
(m, 3H, Ar–H), 7.37–7.39 (m, 3H, Ar–H), 7.55–7.59 (m,
5H, Ar–H), 7.67 (d, 2H, J= 8.4 Hz, Ar–H), 7.72 (d, 2H, J
= 8.4 Hz, Ar–H), 7.90 (d, 2H, J= 7.6 Hz, Ar–H), 8.31 (s,
1H, thiazole), 9.24 (s, 1H, C=N), 9.77 (s, 1H, pyrazole),
11.74 (s, 1H, NH). 13C NMR (100MHz, δ, ppm, DMSO-
d6): 116.9, 118.7, 125.3, 128.2, 129.7, 130.2, 131.7, 135.4,

135.9, 138.4, 138.9, 151.3, 173.6. MS (ESI) m/z= 611 (M
+1), 612 (M+2).

(Z)-4-(4-bromophenyl)-2-((Z)-((3-(4-bromophenyl)-1-phe-
nyl-1H-pyrazol-4-yl) methylene)hydrazono)-3-phenyl-2,3-
dihydrothiazole (4n) This compound was prepared
according to general procedure and it was obtained as yel-
low colour solid; yield: 55%, m.p.: 236–238 °C; IR (KBr,
cm−1): 3140 (N–H), 1598 (C=C), 1546 (C=N), 1352
(C–S). 1H NMR (400MHz, δ, ppm, DMSO-d6): 7.21–7.24
(m, 2H, Ar–H), 7.37–7.41 (m, 4H, Ar–H), 7.51–7.61
(m, 5H, Ar–H), 7.70 (d, 2H, J= 8.0 Hz, Ar–H), 7.76 (d, 2H,
J= 8.4 Hz, Ar–H), 7.92 (d, 2H, J= 8.0 Hz, Ar–H), 8.32
(s, 1H, thiazole), 9.25 (s, 1H, C=N), 9.80 (s, 1H, pyrazole),
11.75 (s, 1H, NH). 13C NMR (100MHz, δ, ppm, DMSO-
d6): 117.0, 118.7, 125.3, 127.2, 128.2, 128.8, 129.6, 129.9,
133.4, 138.7, 138.9, 150.3, 175.2. MS (ESI) m/z= 656 (M
+1), 657 (M+2).

(Z)-2-((Z)-((3-(4-bromophenyl)-1-phenyl-1H-pyrazol-4-yl)
methylene)hydrazono)-4-(4-nitrophenyl)-3-phenyl-2,3-
dihydrothiazole (4o) This compound was prepared
according to general procedure and it was obtained as
brown colour solid; yield: 60%, m.p.: 240–242 °C; IR (KBr,
cm−1): 3060 (Ar–H), 1597 (C=C), 1546 (C=N), 1348
(C–S), 630 (C–Br). 1H NMR (400MHz, δ, ppm, DMSO-
d6): 7.22 (t, 1H, J= 7.4 Hz, Ar–H), 7.39 (m, 3H, Ar–H),
7.55–7.64 (m, 4H, Ar–H), 7.69 (m, 5H, Ar–H), 7.74 (d, 2H,
J= 8.4 Hz, Ar–H), 7.92 (d, 2H, J= 8.0 Hz, Ar–H), 8.31 (s,
1H, thiazole), 9.24 (s, 1H, C=N), 9.79 (s, 1H, pyrazole),
11.75 (s, 1H, NH). 13C NMR (100MHz, δ, ppm, DMSO-
d6): 116.9, 118.7, 125.2, 128.2, 128.3, 129.6, 130.2, 131.7,
175.2, MS (ESI) m/z= 622 (M+1).

(Z)-4-(4-chlorophenyl)-2-((Z)-((3-(4-methoxyphenyl)-1-
phenyl-1H-pyrazol-4-yl) methylene)hydrazono)-3-phenyl-
2,3-dihydrothiazole (4p) This compound was prepared
according to general procedure and it was obtained as yel-
low colour solid; yield: 25%, m.p.: 228–230 °C; IR (KBr,
cm−1): 3040 (Ar–H), 1612 (C=C), 1525 (C=N), 1350
(C–S). 1H NMR (400MHz, δ, ppm, DMSO-d6): 3.76 (s,
3H, OCH3), 6.69 (s, 1H, thiazole), 6.99–7.10 (m, 3H,
Ar–H), 7.35 (m, 2H, Ar–H), 7.42 (d, 2H, J= 8 Hz, Ar–H),
7.56 (d, 2H, J= 7.6 Hz, Ar–H), 7.71–7.78 (m, 3H, Ar–H),
7.89–7.96 (m, 3H, Ar–H), 8.33 (d, 2H, J= 8.4 Hz, Ar–H),
8.57 (s, 1H, C=N), 9.02 (s, 1H, pyrazole), 9.67 (s, 1H, NH).
13C NMR (100MHz, δ, ppm, DMSO-d6): 55.9, 116.3,
118.8, 126.4, 127.6, 128.5, 128.8, 129.4, 129.6, 149.5,
160.0. MS (ESI) m/z= 563 (M+1).

(Z)-4-(4-bromophenyl)-2-((Z)-((3-(4-methoxyphenyl)-1-
phenyl-1H-pyrazol-4-yl) methylene)hydrazono)-3-phenyl-
2,3-dihydrothiazole (4q) This compound was prepared
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according to general procedure and it was obtained as yel-
low colour solid; yield: 65%, m.p.: 230–232 °C; IR (KBr,
cm−1): 3068 (Ar–H), 1631 (C=C), 1525 (C=N), 1359
(C–S). 1H NMR (400MHz, δ, ppm, DMSO-d6): 3.84 (s,
3H, OCH3), 7.07 (s, 1H, thiazole), 7.10 (d, 2H, J= 8.8 Hz,
Ar–H), 7.34–7.38 (m, 3H, Ar–H), 7.52–7.56 (m, 4H,
Ar–H), 7.60 (d, 2H, J= 8.4 Hz, Ar–H), 7.74 (d, 2H, J=
8.4 Hz, Ar–H), 7.81 (d, 2H, J= 8.4 Hz, Ar–H), 7.99 (d, 2H,
J= 8.0 Hz, Ar–H), 8.15 (s, 1H, C=N), 8.85 (s, 1H, pyr-
azole), 11.96 (s, 1H, NH). 13C NMR (100MHz, δ, ppm,
DMSO-d6): 55.2, 113.9, 117.3, 118.5, 125.1, 127.1, 127.4,
129.5, 129.9, 130.1, 131.4, 150.3, 175.7. MS (ESI) m/z=
607 (M+1).

(Z)-2-((Z)-((3-(4-methoxyphenyl)-1-phenyl-1H-pyrazol-4-
yl)methylene)hydrazono)-4-(4-nitrophenyl)-3-phenyl-2,3-
dihydrothiazole (4r) This compound was prepared
according to general procedure and it was obtained as
brown colour solid; yield: 36%, m.p.: 243–245 °C; IR (KBr,
cm−1): 3062 (Ar–H), 1685 (C=C), 1556 (C=N), 1346 (C-
S). 1H NMR (400MHz, δ, ppm, DMSO-d6): 3.76 (s, 3H,
OCH3), 6.62 (s, 1H, thiazole), 6.97–6.99 (m, 3H, Ar–H),
7.34–7.39 (m, 3H, Ar–H), 7.42 (d, 2H, J= 8 Hz, Ar–H),
7.55 (d, 2H, J= 7.6 Hz, Ar–H), 7.71–7.78 (m, 2H, Ar–H),
7.89–7.96 (m, 3H, Ar–H), 8.33 (d, 2H, J= 8.4 Hz, Ar–H),
8.57 (s, 1H, C=N), 9.02 (s, 1H, pyrazole), 9.67 (s, 1H, NH).
13C NMR (100MHz, δ, ppm, DMSO-d6): 55.3, 116.3,
118.8, 125.4, 126.3, 127.3, 127.4, 128.5, 129.4, 129.6,
130.0, 150.3. 175.7, MS (ESI) m/z= 573 (M+1).

Antimycobacterial inhibitory activity

The antitubercular activities of newly synthesized com-
pounds have been assessed against Mycobacterium tuber-
culosis H37Rv (ATCC 27294) using the Micro plate Alamar
Blue assay (MABA) method (Franzblau et al. 1998). This
methodology is nontoxic, uses a thermally-stable reagent.
The method is described as follows: 200 µl of sterile deio-
nized water was added to all outer-perimeter wells of
96 sterile well plates to minimize evaporation of the med-
ium in the test wells during incubation. The 96 plates
received 100 µl of the Middlebrook 7H9 broth and succes-
sive dilution of the compounds was made directly on the
plate. The final drug concentrations tested were 100 to
0.195 µg/ml. Plates were covered and sealed with parafilm
and incubated at 37 °C for 5 days. Twenty five micro litre of
a freshly prepared 1:1 mixture of Alamar Blue reagent and
10% tween 80 was then added to the plate and incubated for
24 h. A blue colour in the well was interpreted as no bac-
terial growth, and a pink colour was scored as growth. The
activity is expressed as MIC, i.e., the lowest concentration
of compound which prevented the colour change from blue

to pink. Isoniazid, Pyrazinamide, Ciprofloxacin was used as
the reference agent.

Cytotoxic activity evaluation

In vitro cytotoxicity was determined using a standard MTT
assay (Mosmann 1983) with protocol appropriate for the
individual test system. Test compounds were prepared prior
to the experiment by dissolving in 0.1% DMSO and diluted
with medium. The cells were then exposed to different
concentrations of the drugs. Cells in the control wells
received the same volume of medium containing 0.1%
DMSO. After 24 h, the medium was removed and cell
cultures were incubated with 100 µM MTT reagent (1 mg/
mL) for 5 h at 37 °C. The suspension was placed on
microvibrator for 10 min and absorbance was recorded by
the ELISA reader.

Molecular docking study

The molecular docking study was performed by using
AutoDock tools 1.5.6, running on A8 VISION AMD A8-
4500M APU with Radeon(tm) HD Graphics 1.90 GHz,
RAM Memory 4GB under Windows 8 pro system. The
crystal structure of the MtInhA was downloaded from
Protein Data Bank (PDB ID: 1P44).

Results and discussion

Chemistry

The 1,3,4-trisubstituted pyrazole analogues (3a–f), (4a–r),
(5a–f) and (6a–f) were synthesized according to the reaction
sequence presented in Schemes 1 and 2. Some of these
compounds (3a–f, 5a–f and 6a–f) have been previously
reported by our research group (Alegaon et al. 2014b).
Those that have not (4a–r) were synthesized by reaction
sequences which are briefly presented in the following
sections. The aryl hydrazone derivatives (1a–c) were pro-
duced by condensation of the phenyl hydrazine with
appropriate acetophenones. Treatment of the phenyl
hydrazones (1a–c) with Vilsmeir–Haack reagent
(DMF–POCl3) afforded the corresponding 1,3-diphenyl-
1H-pyrazole-4-carbaldehydes (2a–c). Thus obtained 4-
formylpyrazole derivatives (2a–c) were then condensed
with thiosemicarbazide or 4-phenylthiosemicarbazide in
ethanol:chloroform (7:3) in presence of catalytic amount of
concentrated hydrochloric acid under reflux for 10 h, thio-
semicarbazone derivatives (3a–f) were obtained in moder-
ate to good yields. The thiosemicarbazone derivatives
(3a–f) when allowed to react with substituted phenacyl
bromides in refluxed dry ethanol gave target thiazole
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derivatives (4a–r). The structures of 1,3,4-trisubstituted
pyrazole derivatives (3a–f and 4a–r) were characterized by
IR, 1H NMR, and mass spectral analysis. The IR spectrum
of thiosemicarbazone derivatives (3a–f) showed absorption
peak at the range 3395 and 3294 cm−1 due to amino (NH)
stretching. However, 1H NMR spectrum of thiosemicarba-
zone derivatives (3a–c) evidenced characteristic two sing-
lets at the range 7.7 and 8.2 ppm due to en-thiol

tautomerism, while these protons disappeared in com-
pounds (4a–r). 13C NMR spectrum of compounds (4a–r)
revealed signals at δ 105 ppm (thiazole-C5) and 174 ppm
(thiazole-C2). Finally, formation of these thiazole deriva-
tives was also evidenced by mass spectral data.

IR spectra of (6a–i) exhibited a sharp band between 3310
and 3395 cm−1, characteristic for NH stretching. The
stretching band of the C=N appeared between 1550 and

Comp R 1 R 2 Comp R 1 R 2 Comp R 1 R 2 Comp R 1 R 2

5a Cl H 5d Cl C6H5 6a Cl H 6d Cl C6H5

5b Br H 5e Br C6H5 6b Br H 6e Br C6H5

5c OCH 3 H 5f OCH 3 C6H5 6c OCH 3 H 6f OCH 3 C6H5

Scheme 2 Reagents and
conditions: a ethylbromoacetate,
anhydrous sodium acetate,
glacial acetic acid, reflux 8 h;
b acetic anhydride, reflux 5 h

Comp R 1 R 2 R 3 Comp R 1 R 2 R 3 Comp R 1 R 2 R 3

3a Cl H - 4c Cl H NO2 4k Cl C6H5 Br
3b Br H - 4d Br H Cl 4l Cl C6H5 NO2

3c OCH 3 H - 4e Br H Br 4m Br C6H5 Cl
3d Cl C6H5 - 4f Br H NO2 4n Br C6H5 Br
3e Br C6H5 - 4g OCH 3 H Cl 4o Br C6H5 NO2

3f OCH 3 C6H5 - 4h OCH 3 H Br 4p OCH 3 C6H5 Cl
4a Cl H Cl 4i OCH 3 H NO2 4q OCH 3 C6H5 Br
4b Cl H Br 4j Cl C6H5 Cl 4r OCH 3 C6H5 NO2

Scheme 1 Reagents and
conditions: a dry ethanol, glacial
acetic acid (1 mL) reflux 5 h; b
DMF/POCl3, 80 °C; c
thiosemicarbazide or 4-
phenylthiosemicarbazide,
ethanol: chloroform (7:3), reflux
10 h; d substituted phenacyl
bromide, dry ethanol, reflux 24 h
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1585 cm−1, and their proton NMR spectroscopic analysis
revealed diagnostic singlet signal at around δ 8.2 ppm
attributed to H5-thiazole. 13 C NMR spectrum of com-
pounds (6a–l) revealed signals at δ 104.9 (thiazole-C5) and
175.6 (thiazole-C2). Finally, formation of these compounds
was also evidenced by mass spectral data.

Antimycobacterial inhibitory activity

The new 2-(2-((1,3-diphenyl-1H-pyrazol-4-yl) methylene)
hydrazinyl)-4-phenylthiazole (4a–i), and 2-((1,3-diphenyl-
1H-pyrazol-4-yl) methylene) hydrazono-3,4-diphenyl-2,3-
dihydrothiazole (4j–r), along with previously reported
thiosemicarbazone derivatives (3a–f), 4-thiazolidinone
compounds (5a–f) and 1,3,4-thiadiazole derivatives
(6a–f), were evaluated against MTB H37Rv (ATCC 27294)
by using the Microplate Alamar Blue Assay (MABA). The
results of the studies on antitubercular activity of the com-
pounds are as given in Table 1. Twenty two out of thirty six
pyrazole compounds showed moderate to good anti-
mycobacterial activity (MIC range 0.78 to 25 µg/ml) as
compared to the standard pyrazinamide (MIC 50 µg/ml) and
ciprofloxacin (MIC 12.5 µg/ml). From the results it was
observed that the 2-((1,3-diaryl-pyrazol-4-yl) methylene)
hydrazine carbothioamide showed better antimycobacterial
inhibitory activity as compared to the other tested com-
pounds. Amongst all the pyrazoles examined, six com-
pounds, 3a, 3b, 3c, 3d, 3e and 3f inhibited MTB with MIC
ranging 0.78 to 1.56 µg/ml, and five compounds 4i, 4j, 4o,
6c and 6d inhibited MTB with MIC of 3.12 µg/ml. When
compared to the first line anti-TB drug isoniazid (MIC=
1.56 µg/ml), three compounds 3b, 3e and 3f are found to be
more potent than isoniazid, and other three compounds 3a,
3c and 3d are found to be equally active as isoniazid.
Furthermore, thiosemicarbazone 3a, 3b, 3c, 3d, 3e and 3f
compounds exhibited positive drug-likeness score of 0.6,
0.19, 0.3, 0.46, 0.05 and 0.12, respectively, Table 1. In the
pyrazole-thiazole hybrid, compounds 4i, 4j and 4o exhib-
ited significant activity at 3.12 µg/ml. Compounds 4k–n and
4p–r displayed moderate antitubercular activity at 12.5 µg/
ml, compounds 4g and 4h and 3d displayed antitubercular
activity at an MIC of 25 µg/ml, whereas compounds 4a–f
showed activity at >25 µg/ml. All the thiazoles with
3,4-diarylthiazole system (4j–r) like 2-((1,3-diphenyl-pyr-
azol-4-yl) methylene) hydrazono)-3,4-diphenyl-2,3-dihy-
drothiazoles exhibited better antitubercular activity as
compared to 4-arylthiazole containing compounds like 2-(2-
((1,3-diaryl-pyrazol-4-yl) methylene) hydrazinyl)-4-phe-
nylthiazole (4a–i).

The moderate active compounds of the series 4i, 4j and
4o have an electronegative (4-Cl and 4-NO2) substitution at
the para position of phenyl ring (R3 position). Compounds
4k–n with electronegative groups (Cl, Br, NO2) attached at

positions R1 and R3 have displayed moderate activity at
MIC 12.5 µg/ml. Similar activity has been displayed by
compounds 4p–r which possess electronegative groups (Cl,
Br, NO2) attached at R3 position and electropositive group
(–OCH3) attached at R1 position. The other thiazoles 4a–h
with H substitution at R2 position have all displayed an
activity of >25 µg/ml MIC value irrespective of the sub-
stitutions at positions R1 and R3, except 4i (MIC= 3.12 µg/
ml) which has an electron donating methoxy group at R1

position and electron accepting NO2 group at R3 position.
All the synthesized thiazolidinones 5a–f displayed an MIC
of >25 µg/ml. Amongst the synthesized thiadiazoles com-
pounds, 6c and 6d displayed significant antitubercular
activity at MIC of 3.12 µg/ml. 6c had OCH3 attached to the
R1 position, whereas 6d showed Cl at R1 and phenyl ring at
R2 position. Compounds 6e with Br and 6f with OCH3 at R1

position showed moderate activity at an MIC of 12.5 µg/ml
and compounds 6a with Cl and 6b with Br at R1 position
displayed an MIC of >25 µg/ml. In general, the promising
Mycobacterium tuberculosis inhibitory activity of com-
pounds 3b, 3e and 3f may be due to selectivity towards
antitubercular activity.

Cytotoxicity activity

The selected compounds were further tested for cytotoxic
activity against normal HDF cell lines using MTT assay to
assess the safety of these synthesized compounds.
According to the literature on drug susceptibility of TB, the
antitubercular activity was considered to be specific with
selectivity index >10.35 (Hartkoorn et al. 2007; Subhedar
et al. 2016). From the data it was found that compounds 4g,
(5a–f), 6a, and 6b displayed selectivity index <10 against
MTB. The compounds that showed selectivity index value
more than 10 were categorized non-toxic agents. Com-
pounds (3a–f), (4h–r), 6c, 6d, 6e and 6 f showed selectivity
index higher than >200 against MTB. The cytotoxicity
selectivity index results were potted in Table 1.

Molecular docking study

According to the study of Kuo and coworkers (Kuo et al.
2003) pyrazole analogs (Genz-8575) are active inhibitors of
MTB NADH-dependent enoyl–acyl carrier protein reduc-
tase (MtInhA). Sullivan et al. identified series of pyrazole
compounds as a potent MtInhA inhibitors (Sullivan et al.
2005). In addition (Nayak et al. 2015), Nayak et al. reported
that 1,3,4-trisubstituted pyrazole structure and anti-
mycobacterial activity relationship was well documented
by docking study against MtInhA (PDB ID: 1P44). Based
on these proofs, a molecular docking study was carried out
for the most active compounds against Mycobacterium
tuberculosis NADH-dependent enoyl–acyl carrier protein
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reductase. Molecular docking study was performed by using
AutoDock tools 1.5.6 (AutoDock 2015). The 3D structures
of compounds in pdb form were prepared by using Marvin
6.2.1 ChemAxon (Marvin 2016). The 3D crystal structure

of MtInhA was downloaded from Protein Data Bank (PDB
ID: 1P44). All hetero atoms, water molecules were removed
and hydrogen was added to the protein for correct calcu-
lation of partial atomic charges. The grid box was set at 60,

Table 1 Antimycobacterial
activity data, cytotoxicity
activity data, selectivity index
data, and drug-likeness data of
the pyrazole analogues

Comp. R1 R2 R3 MIC (µg/ml) in
MTB H37Rv

IC50 (µg/ml)
HDF cells

Selectivity index
(SI) value

Drug-likenessa

model score

3a Cl H – 1.56 399.05 >200 0.60

3b Br H – 0.78 320.56 >400 0.19

3c OCH3 H – 1.56 352.49 >200 0.30

3d Cl C6H5 – 1.56 343.03 >200 0.46

3e Br C6H5 – 0.78 326.74 >400 0.05

3f OCH3 C6H5 – 0.78 292.75 >300 0.12

4a Cl H Cl >25 ND ND 0.01

4b Cl H Br >25 ND ND −0.25

4c Cl H NO2 >25 ND ND −0.13

4d Br H Cl >25 ND ND −0.25

4e Br H Br >25 ND ND −0.36

4f Br H NO2 >25 ND ND −050

4g OCH3 H Cl 25 130.7 5.22 0.32

4h OCH3 H Br 25 316.8 12.67 −0.05

4i OCH3 H NO2 3.12 216.7 69.45 −0.39

4j Cl C6H5 Cl 3.12 306.3 98.17 −0.01

4k Cl C6H5 Br 12.5 294.7 23.57 −0.20

4l Cl C6H5 NO2 12.5 151.2 12.09 −0.20

4m Br C6H5 Cl 12.5 209.6 16.76 −0.28

4n Br C6H5 Br 12.5 166.2 13.29 −0.40

4o Br C6H5 NO2 3.12 92.3 29.58 −0.59

4p OCH3 C6H5 Cl 12.5 251.7 20.136 0.32

4q OCH3 C6H5 Br 12.5 134.8 10.72 −0.08

4r OCH3 C6H5 NO2 12.5 147.0 11.76 −0.51

5a Cl H – >25 329.21 6.50 0.83

5b Br H – >25 311.78 6.23 0.41

5c OCH3 H – >25 334.42 6.68 0.38

5d Cl C6H5 – >25 348.36 6.96 0.30

5e Br C6H5 – >25 329.41 6.58 −0.10

5f OCH3 C6H5 – >25 363.86 7.27 −0.10

6a Cl H – >25 321.17 6.42 1.03

6b Br H – >25 287.02 5.74 0.62

6c OCH3 H – 3.12 315.22 >100 0.49

6d Cl C6H5 – 3.12 343.03 >100 0.55

6e Br C6H5 – 12.5 285.74 22.85 0.14

6f OCH3 C6H5 – 12.5 341.37 27.30 0.11

INH – – – 1.56 ND ND 0.53

Pyra – – – 50.0 ND ND −0.15

Cipro – – – 12.5 ND ND 0.93

MIC minimum inhibitory concentration, IC50 concentration to inhibit 50% growth of cells, Selectivity index
(in vitro) IC50 against vero cells/MIC against Mycobacterium tuberculosis (MTB), INH isoniazid, Pyra
pyrazinamide, Cipro ciprofloxacin
a Calculated using molsoft (http://molsoft.com/mprop/)
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60 and 60 Å (x, y and z) with a spacing 0.375 Å, were
created. The Lamarckin genetic algorithm was applied to
search conformers that possessed lowest binding energy.
Results of molecular docking analysis were obtained as
estimated free energy of binding in kcal/mol. The molecular
docking of the ligands 3a–f reveals that all the inhibitors
compounds are exhibiting the bonding with one or more
amino acids in active pockets. The active compounds

showed docking score in the range of −7.34 to −9.6 kcal/
mol (Table 2). The amino hydrogen atom of semicarbazone
group of compounds 3b, 3c and 3e forms hydrogen bonds
(N–H----O: GLY 96) with the oxygen atom of GLY 96
residue, whereas, The amino hydrogen atom of semi-
carbazone group of compounds 3d and 3f forms hydrogen
bonds (N–H----O: GLY 192) with the oxygen atom of GLY
192 residue, nitrogen atom of compounds 3e and 3f forms
hydrogen bonds (N----H–O: ILE 194) with the hydroxyl
hydrogen atom of ILE 194. Compounds 3a and 3d forms
hydrogen bonds (N----H–N: ILE 194) with the amino
hydrogen atom of ILE 194 also amino hydrogen atom of
compound 3a forms hydrogen bonds (N–H----O: ILE 194)
with the amino hydrogen atom of ILE 194 (Fig. 1). In
general, the molecular docking studies results were essen-
tially in agreement with the antitubercular data in terms of
evaluation of binding energy and binding mode. Further-
more, analysis of molecular parameters was done that
connected with Lipinski’s rule of five and drug likeness
model score (Lipinski et al. 2001; Molinspiration Che-
minformatics 2015; Drug-Likeness 2016). Briefly, this
simple rule is based upon the observation that most of
medicinal agents have a molecular weight (MW) of 500 or
less, a log p not more than 5, number of hydrogen bond
donor atoms of 5 or less and number of hydrogen bond
accepter atoms of 10 or less (N or O) (Table 3). Results
showed that most of the synthesized compounds obey the

Table 2 Binding energy of compounds (3a–f) after docking in to
Mycobacterium tuberculosis NADH-dependent enoyl-acyl carrier
protein reductase

Compound Binding energy Hydrogen bonding residues

3a −7.93 3a: NH---O:ILE 194

3a: N---HN: ILE 194

3b −7.57 3b: NH---O: GLY96

3b: NH---O: GLY96

3c −7.34 3c: NH---O: GLY96

3c: NH---O: GLY96

3d −9.6 3d: NH---O:GLY192

3d: N---HN: ILE194

3e −9.45 3e: NH---O: GLY96

3e: N---HO: ILE194

3f −8.56 3f: NH---O:GLY192

3f: N---HO: ILE194

Fig. 1 Docking figures of (3a–f) in Mycobacterium tuberculosis NADH-dependent enoyl–acyl carrier protein reductase
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Lipinski’s rule and having positive drug score. Overall,
these data suggest that compounds 3a, 3b, 3c, 3f, 5a, 5b, 5c,
6a, 6b and 6c (Positive Drug-score, log p < 5, hydrogen
bond donor <5, hydrogen bond accepter <10, Molecular
weight <500 ) are predicted as drug-like compounds.

Conclusion

In conclusion, a series of 1,3,4-trisubstituted pyrazole
derivatives (3a–f), (4a–r), (5a–f) and (6a–f) have been
synthesized and evaluated for theirMTB (H37Rv) inhibitory

Table 3 Molecular parameters
of 1,3,4-trisubstituted pyrazole
derivatives (3a–f), (4a–r),
(5a–f) and (6a–f)

Compound TPSA n-rotb nON nOHNH miLogp MW Rule of 5 violation

Rule of 5 – – ≤10 ≤5 ≤5 ≤500 ≤1

3a 68.24 5 5 3 3.88 355.85 0

3b 68.24 5 5 3 4.01 400.30 0

3c 77.47 6 6 3 3.26 351.43 0

3d 54.24 7 5 2 5.31 431.95 1

3e 54.24 7 5 2 5.45 476.40 1

3f 63.47 8 6 2 4.69 427.53 0

4a 55.11 6 5 1 6.64 490.42 1

4b 55.11 6 5 1 6.77 534.87 1

4c 100.93 7 8 1 5.92 500.97 1

4d 55.11 6 5 1 6.77 534.87 1

4e 55.11 6 5 1 6.90 579.32 1

4f 100.93 7 8 1 6.05 545.42 1

4g 64.34 7 6 1 6.02 486.00 1

4h 64.34 7 6 1 6.15 530.45 1

4i 110.17 8 9 1 5.30 496.55 1

4j 46.32 7 5 0 8.46 566.52 1

4k 46.32 7 5 0 8.54 610.97 1

4l 92.14 8 8 0 7.86 577.07 1

4m 46.32 7 5 0 8.54 610.97 1

4n 46.32 7 5 0 8.61 655.42 1

4o 92.14 8 8 0 7.99 621.52 1

4p 55.55 8 6 0 7.96 562.10 1

4q 55.55 8 6 0 8.09 606.55 1

4r 101.38 9 9 0 7.24 572.65 1

5a 71.65 5 6 1 3.68 395.87 0

5b 72.65 5 6 1 3.81 440.32 0

5c 80.88 6 7 1 3.06 391.45 0

5d 62.86 5 6 0 5.09 471.97 1

5e 62.86 5 6 0 5.22 516.42 2

5f 72.09 6 7 0 4.47 467.55 0

6a 79.59 4 7 1 2.69 439.92 0

6b 79.59 4 7 1 2.82 484.37 0

6c 88.31 5 8 1 2.07 435.50 0

6d 70.80 5 7 0 4.63 516.02 1

6e 70.80 5 7 0 4.76 560.47 1

6f 80.04 6 8 0 4.01 511.60 1

INH 68.013 1 4 3 −0.969 137 0

Pyra 68.878 1 4 2 −0.711 123 0

Cipro 74.569 3 6 2 −0.701 331 0

TPSA topological polar surface area, n-rotb number of rotatable bonds, nON number of hydrogen bond
acceptors, nOHNH number of hydrogen bond donors, miLogP logarithm of compound partition coefficient
between n-octanol and water, MW molecular weight, INH isoniazid, Pyra pyrazinamide, Cipro ciprofloxacin
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activity. The structures of newly synthesized compounds
were characterized by IR, 1H NMR, 13C NMR and mass
spectral analysis. Compounds 3b, 3e and 3f showed most
significant anti-mycobacterial activity with MIC 0.78 µg/ml.
Further, the active compounds were evaluated for their
cytotoxic effect against normal HDF cell line using MTT
assay. The most of the active compounds exhibited good
selective index profile (>200). Molecular docking studies
shown that 1,3,4-trisubstituted pyrazole analogues exhibit
decent interaction with active site of MTB NADH-
dependent enoyl-acyl carrier protein reductase (MtInhA).
Biological activity data and simulation results strongly
suggested that 1,3,4-trisubstituted pyrazole derivatives can
further developed as promising antitubercular agents.
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a b s t r a c t

In search of new heterocyclic anticancer agents, a new quinoline-azetidinone hybrid template have been
designed, synthesized and screened for their cytotoxic activity against human cancer cell lines such as
Hep G2, and Hep 3B by the MTT assay and results were compared with paclitaxel, 5-fluorouracil and
doxorubicin. Interestingly, some of the compounds were found significantly active against both cell lines.
The compound 6f (IC50 = 0.04 ± 0.01 mM) exhibited potent antiproliferation activity against Hep G2 cell
line, and 6j compound (IC50 = 0.66 ± 0.01 mM) demonstrated potent antiproliferation activity against
Hep 3B cell line and provide to be more potent as cytotoxic agents than standard drugs. Morphological
changes suggest the induction of apoptosis and describe the mechanism of action of these hybrid antitu-
mor agents.

� 2017 Elsevier Ltd. All rights reserved.

Cancer is a prevalent and second leading cause of death world-
wide.1 It is responsible for increase in the mortality rate and hence
it has become a life threatening disease affecting to all the people
at all ages in both developing and developed countries.2 Cancer is a
disease which is characterized by uncontrolled cell growth and
proliferation;3 which is due to mutation or mis-regulation of cell
cycle regulatory genes and proteins.4 Altered apoptosis is one of
the central steps in cancer development. It has become an attrac-
tive approach for anticancer therapeutics which can overcome
the resistance to apoptosis by directly activating the normal cell
death machinery.5 Many efforts have been taken to fight against
cancer which includes successful treatment of certain tumor types
and hence it still continues to be challenge owing to their aggres-
siveness, the mechanism of malignant cell metastasis, chemoresis-
tance and lack of selectivity of drugs. Therefore, the development
of novel anticancer agents is required to synthesize which would
be safe and more effective.6

Literature data has been established that nitrogen containing
heterocyclic compounds plays an important role in designing
new class of structural entities for medicinal applications.7 The
skeleton of quinoline is one of the key building elements for a large
number of natural and synthetic heterocycles. The derivatives of
quinoline that belong to this class have shown wide applications
as drugs and pharmaceuticals. Quinoline scaffolds have

demonstrated that they have high ability to draw out an anti-pro-
liferative and antitumor activity based upon the reports on natural,
synthetic and semisynthetic biologically active molecules. They act
through different mechanism of action such as growth inhibitors
by cell cycle arrest, apoptosis, inhibition of angiogenesis, and dis-
ruption of cell migration and modulation of nuclear receptor
responsiveness. The two examples of cytotoxic quinolines with
antitumor activity are natural alkaloid camptothecin and its
semisynthetic analogtopotecan which act through inhibition of
the DNA enzyme topoisomerase-I. According to literature survey,
it has been proven that quinoline derivatives have an excellent
class of broad spectrum anticancer activity against variety of can-
cer cell lines such as breast cancer, hepatocellular carcinoma, and
acute myelogenous leukemia.8,9 Certain drugs based on quinoline
moiety such as bosutinib, lenvatinib and cabozantinib have been
established as one of the most effective class of anticancer agents
in clinical use with broad application in the treatment of several
types of cancer.9

The derivatives of quinolines also have varieties of biological
activities like anti-microbial,10 antitubercular,11–15 antimalarial,16–18

antibiotic,19 antihypertensive,20 anti-inflammatory,21 tyrokinase
PDGF-RTK inhibition22 and anti-HIV properties.23,24 Few examples
of quinoline derivatives include Quinine (antipyretic, antimalarial,
analgesic and anti-inflammatory properties), Chloroquine (anti-
malarial), Amodiaquine (antimalarial and anti-inflammatory
properties), Camptothecin (DNA enzyme topoisomerase II) and
Saquinavir (anti-HIV drug), Ciprofloxacin and Moxifloxacin

http://dx.doi.org/10.1016/j.bmcl.2017.02.043
0960-894X/� 2017 Elsevier Ltd. All rights reserved.
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(anti-TB drugs), which are actively used in pharmacological field.7

Azetidinone and their derivatives have attracted interest in organic
medicinal chemistry, exhibiting biological and therapeutic proper-
ties, since the introduction of various monobactams into clinical
applications. Chemicalmodifications of these four–membered hete-
rocycles constantly result in compounds with a wide spectrum of
pharmacological activities such as anticancer, anti-microbial, anti-
tubercular, anti-inflammatory, anti-malarial, thrombin inhibitor,
human leukocyte elastase inhibitor, human cytomegalovirus inhibi-
tor, cysteine protease cathepsin K inhibitor, antidiabetic, and
antiparkinsonian agents.25 In addition, recently, Geesala et al. in
2016 have reported azetidinone derivatives are potential anti-can-
cer agents.26 Based on the above findings, in an attempt to pursue
new potent anticancer agents with potent inhibitory activity, a
series of new quinoline-azetidinone compounds were synthesized
using molecular hybridization technique (Fig. 1)9,26–28 and their
inhibitory activity against two human cancer cell lines (Hep G2,
Hep 3B) were evaluated. In addition, Molecular parameter and
possible drug likeness were also illustrated.

The reaction route employed for synthesis of the title com-
pounds (6a–o) are illustrated in Scheme 1. The two step procedure
was adopted for the synthesis of key intermediate 7-chloro-4-(2-
(4-substitutedbenzylidene)hydrazinyl)quinoline (5a–o) com-
pounds. The 7-chloro-4-hydrazinylquinoline (3) was synthesized
by condensation of the 4,7 dichloroquinoline with hydrazine
hydrate. Reaction of the 7-chloro-4-hydrazinylquinoline (3) with
appropriate aryl/hetero aryl aldehydes in ethanol afforded the
corresponding 7-chloro-4-(2-(4-substitutedbenzylidene) hydrazi-
nyl) quinoline (5a–o) compounds.29,30 The prepared Schiff bases
(5a–o) were reacted with chloroacetyl chloride and trimethy-
lamine in dichloromethane and refluxed for 24 h. The reaction
was monitored by TLC for completion. Mixture was filtered,
washed with dichloromethane to obtain 3-chloro-1-((7-chloro-
quinolin-4-yl)amino)-4-(4-substituted phenyl)azetidin-2-one

(6a–o) analogous.31The synthesized quinoline-azetidinone (6a–o)
hybrids were characterized by IR, 1H NMR, and mass spectral anal-
ysis. The IR spectra of quinoline-azetidinone (6a–o) compounds
displayed absorption band at 1685–1710 cm�1 attributed to a car-
bonyl group of azetidinone, their proton NMR spectra showed
characteristic new singles around d 4.25 ppm and d 5.73 ppm
attributed to (CH of C3 and C4) azetidinone protons, which repre-
sents the formation of azetidinone ring system. The structures of
the synthesized quinoline-azetidinone (6a–o) hybrids were further
confirmed by mass spectra analysis.

The cytotoxicity activity of target compounds (6a–o) against
Hep-G2 and Hep-3B (human hepatocellular) carcinoma cell lines
was measured by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide) assay.32 Paclitaxel, 5-fluorouracil and dox-
orubicin was selected as standard drug. The in vitro structural
activity relationship of the target compounds was obtained from
the analysis of biological data as summarized in Table 1.

The IC50 values are the average of the triplicate assay analysis. All
quinoline-azetidinone hybrid compounds (6a–o) inhibited cell pro-
liferation with IC50 values in range of 0.04–3.37 mM, As shown in
Table 1, most of test compounds exhibited comparable activity
when compared to standard drugs. It was observed that among
the fifteen synthesized compounds, 6f displayed much higher
antiproliferation activity (IC50 = 0.04 mM) than standard paclitaxel
(IC50 = 0.30 mM) against Hep-G2 cell line, compounds like 6m, 6d,
and6i, showedgood inhibitory activity againstHep-G2 cell linewith
IC50 values of 0.31 mM, 0.36 mM, and 0.38 mMrespectively, which are
comparable to paclitaxel and doxorubicin. Compounds 6h, 6j, and
6n revealed moderate inhibitory activity against Hep-G2 cell line
with IC50 values of 0.51 mM, 0.51 mM, and 0.54 mM respectively.
Table 1 also revealed that, compound 6j exhibited better antiprolif-
eration activity (IC50 = 0.66 mM) than standarddrugs againstHep-3B
cell line. Compounds 6d, 6c, 6i, and 6k showedmoderate antiprolif-
eration effects (IC50 0.74–0.96 mM), against Hep-3B cell line.
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The significant activity of compound 6f against Hep-G2 cell line
can be attributed to the presence of a strong electron donating
hydroxyl group at the para position of the phenyl ring attached
to C-4 of azetidinone structure. Compound 6f also showed activity
against Hep-3B cell lines at IC50 = 1.72 mM. Any further changes in
the substitution on the phenyl ring of the azetidinone skeleton
resulted in different values of the biological activity. When two
methoxy groups were attached at the meta and para position
(compound 6d), the activity was decreased to 0.36 mM against
Hep-G2 cell line and 0.74 mM against Hep 3B cell line. When the
methoxy group was attached only at the para position of the phe-
nyl ring (compound 6c) the activity reduced to 0.71 mM against
Hep-G2 cell line and 0.89 mM against Hep 3B cell line. Further,
compound with 3,4,5-trimethoxy (6e) substitution on the phenyl
ring displayed lowered activity of 0.73 mM against Hep-G2 cell line
and 1.10 mM against Hep-3B cell line. Replacing the substituents at
para position by an electron withdrawing group has caused
decrease in the anticancer activity as compared to the most potent
compound 6f. This can be justified by the fact that compounds
bearing electron withdrawing groups like cyno (CN) (6n), fluoro
(F) (6b), chloro (Cl) (6a) and nitro (NO2) (6g) substituents at the
para position of the phenyl ring have exhibited activity at IC50 val-
ues 0.54, 0.76, 0.85 and 0.86 mM respectively against Hep-G2 cell
line and at 0.78, 1.72, 3.37 and 1.37 mM respectively against Hep-
3B cell line. Compounds bearing chloro (Cl) group at different posi-
tions on the phenyl ring (compounds 6h–k) have shown different
activities. Compound 6k with chloro (Cl) at ortho position of the
phenyl ring showed activity at IC50 = 0.96 mM against both Hep-
G2 and Hep-3B cell lines. Compound 6hwith two chloro (Cl) group

attached at ortho and meta positions on the phenyl ring displayed
activity at 0.51 ± 0.01 against Hep-G2 and 1.14 mM against Hep-3B
cell lines. When two chloro (Cl) groups were further attached at
ortho and para positions (compound 6i) the activity decreased to
0.38 and 0.89 mM against Hep-G2 and Hep-3B cell lines respec-
tively. The subsequent substitution of two chloro (Cl) groups at
meta and para positions showed anticancer activity at 0.51 mM
against Hep-G2 and at 0.66 mM against Hep-3B cell lines. Com-
pound 6l with two electron withdrawing substituents bromo (Br)
at meta position and fluoro (F) at para position exhibited activity
at 0.65 mM and 1.78 mM against Hep-G2 and Hep-3B cell lines
respectively. Furthermore, inhibitory activities decreased to
0.75 mM against Hep-G2 and 3.06 mM against Hep-3B cell lines
when five membered heterocyclic ring like 2-thiophene was
attached to the azetidinone structure instead of the phenyl group.
Subsequently compounds 6d, 6f, 6i and 6m have remarkable activ-
ity against Hep G2 cell lines and 6c, 6d, 6e, 6i, 6j, 6k and 6m com-
pounds showed significant activity against Hep 3B cell lines, these
were selected to further investigation regarding their mechanism
of action. To investigate whether or not compounds induce chro-
matin condensation and fragmentation, which are both recognized
morphological features of apoptosis, Hep G2 cells were treated
with the chosen compounds and stained with acridine orange
(AO) and ethidium bromide (EB). Nuclear morphology and alter-
ations in the size and the shape of cells were observed after 24 h
treatment with IC50 concentrations of the compounds. The micro-
scopic photographs are shown in Fig. 2.

These results revealed that selected compounds can induce
apoptosis in Hep G2 cells. Identification of deregulation of
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Table 1
In vitro anticancer activity (IC50) of quinoline-azetidinone hybrid compounds (6a–o) expressed in mM.

Comp Ar HEP G2a HEP 3Bb VEROc SId HEP G2 SId HEP 3B

6a 4-Cl-C6H4 0.85 ± 0.01 3.37 ± 0.02 44.39 ± 1.0 52.22 13.17
6b 4-F-C6H4 0.76 ± 0.01 1.72 ± 0.01 48.21 ± 1.1 63.43 28.02
6c 4-OCH3-C6H4 0.71 ± 0.01 0.89 ± 0.02 51.13 ± 1.2 72.01 57.44
6d 3,4-di-OCH3-C6H3 0.36 ± 0.01 0.74 ± 0.02 36.33 ± 0.9 100.91 49.09
6e 3,4,5-tri-OCH3-C6H2 0.73 ± 0.02 1.10 ± 0.01 52.01 ± 1.5 71.24 47.28
6f 4-OH-C6H4 0.04 ± 0.01 1.72 ± 0.01 52.33 ± 1.3 > 100 30.42
6g 4-NO2-C6H4 0.86 ± 0.01 1.37 ± 0.01 49.13 ± 1.6 57.12 35.86
6h 2,3-di-Cl-C6H3 0.51 ± 0.01 1.14 ± 0.01 27.76 ± 1.7 54.43 24.35
6i 2,4-di-Cl-C6H3 0.38 ± 0.01 0.89 ± 0.02 49.33 ± 0.9 > 100 55.42
6j 3,4-di-Cl-C6H3 0.51 ± 0.01 0.66 ± 0.01 54.63 ± 0.8 > 100 82.77
6k 2-Cl-C6H4 0.96 ± 0.02 0.96 ± 0.05 32.33 ± 0.9 33.67 33.67
6l 3-Br-4-F-C6H3 0.65 ± 0.01 1.78 ± 0.05 46.66 ± 1.8 71.78 26.21
6m 4-N(CH3)2-C6H4 0.31 ± 0.01 1.15 ± 0.01 41.33 ± 1.3 > 100 35.93
6n 4-CN-C6H4 0.54 ± 0.01 0.78 ± 0.01 38.33 ± 1.2 70.98 49.14
6o 2-Thiophene 0.75 ± 0.01 3.06 ± 0.01 42.11 ± 1.5 56.14 13.76
Pace – 0.3 ± 0.03 0.73 ± 0.05 – – –
5-FUf – 2.10 ± 0.20 2.66 ± 0.01 – – –
Doxg – 0.54 ± 0.02 1.15 ± 0.01 – – –

a HEP G2, human liver carcinoma cell line(Cat No-11965–092).
b HEP 3B, Human hepatoma cell line (Cat No-11965–092).
c VERO, Monkey Kidney cell line (Cat No-11095–080).
d Selectivity index (SI) were calculated by IC50 values in normal cell line devided by IC50 values in cancer cell line.
e Paclitaxel.
f 5-Fluorouracil.
g Doxorubicin.
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apoptosis is a possibility of all cancer cells and the molecules that
are capable of inducing apoptosis in cancer cells are considered to
be significant in anticancer agents. The selected compounds are
taken for further study to assessment of nuclear morphology by
fluorescence microscopy using cell-permeable nucleic acid stain,
such as DAPI.33 Nuclear fragmentation and nuclear condensation
of Hep G2 cells in Fig. 3.

Additionally, the in vitro cytotoxic activity of all tested com-
pounds was evaluated against normal VERO cell line by MTT col-
orimetric assay in order to study estimate the safety of these
agents. The cytotoxic activity results revealed that none of the
tested compounds exhibited any significant toxicity effect on nor-
mal VERO cells. Selectivity index (SI) values were calculated by IC50

values in normal cell line divided by IC50 values in cancer cell line.
The results revealed that most of the tested compounds were less

toxic on VERO in comparison with tumor cells (Table 1). The safety
of 6d, 6f, 6i and 6m compounds were further evaluated against
Chang Liver cell lines. The cytotoxicity results were summarized
in Table 2. The data showed that selected 6d, 6f, 6i and 6m com-
pounds were non-toxic towards Chang Liver cells.

Moreover, in this work we also performed a computational (Lip-
inski’s rule of five) study for prediction of physical-chemical prop-
erties34,35 of all derivatives the results are summarized in Table 3.
Briefly, this simple rule is based upon the observation that most of
medicinal agents have a molecular weight (MW) of 500 or less, a
log p not more than 5, number of hydrogen bond donor atoms of
5 or less and number of hydrogen bond accepter atoms of 10 or less
(N or O). Interestingly our molecular parameter results pointed
that most of the compounds obey the Lipinski ‘rule of 5’. Number
of rotatable bonds is an important topological parameter for

Fig. 2. Apoptosis in Hep G2 cells treatment with IC50 concentrations of 6d, 6f, 6i and 6m compounds.

Fig. 3. Fluorescent microscopy pictures showing morphological changes in HEP G2 cells treated with compound. The cells were stained with DAPI and observed under
fluorescent microscope. (A) Nuclear Condensation, (B) Blebbing and (C) Nuclear Fragmentation.
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molecular flexibility and conformational modification for binding
to the enzyme or receptors. The data shown that quinoline-
azetidinone hybrid compounds showed a good number of rotatable
(n-rotb) (2–6) demonstrating their conformational plasticity.36 The
hydrogen bonding is important molecular descriptors for describ-
ing permeability of drugs.37 Most of the quinoline-azetidinone
hybrid compounds displayed several hydrogen bond acceptors
(4– 7) and moderate hydrogen bond donors as shown in Table 3.
MilogP, the logarithm of the octanol/water partition coefficient,
provides a amount of the lipophilicity of a ligand. Lipophilicity is
an important parameter of an active pharmaceutical ingredient
as it influences a number of physiological properties like transport
through cell membranes, rate of metabolism and interaction with
receptor binding sites. The results revealed that most of the com-
pounds exhibited low Logp, by which these compounds have good
bioavailability.38 All synthesized quinoline-azetidinone hybrid
compounds displayed molecular weight below 500 g/mol.

Finally, Molecular polar surface area (TPSA), volume and per-
centage of absorption (% ABS) for the quinoline-azetidinone hybrid
compounds are presented in Table 3.

In conclusions, new quinoline-azetidinone hybrids were syn-
thesized and structures of newly synthesized compounds were
confirmed by FTIR, NMR and Mass spectral studies. The majority
of the compounds exhibited significant antiproliferation activity
against Hep G2, and Hep 3B human cancer cell lines with IC50 val-
ues in the range 0.04–3.37 mM. The compound 6f
(IC50 = 0.04 ± 0.01 mM) exhibited potent antiproliferation activity
against Hep G2 cell line, and 6j compound (IC50 = 0.66 ± 0.01 mM)
demonstrated potent antiproliferation activity against Hep 3B cell
line and provide to be more potent as cytotoxic agents than stan-
dard drugs. Morphological changes suggest the induction of apop-
tosis and describe the probable mechanism of action of these
hybrid antitumor agents. The reported quinoline-azetidinone
hybrids showed better safer profiles against normal cell lines. Syn-
thesized analogues displayed suitable drug like properties and are
expected to extant good bioavailability property. Altogether, these
results suggest that some of these hybrid-compounds would serve
as potential anticancer agents with modifications on pharma-
cophore, especially; 6f hybrid-compound was promising subjects
for further studies regarding cancer chemotherapy.

Table 2
Cytotoxicity of compounds against chang liver cell line.

Concentration in mM Cytotoxicity

Cell Viability%

6d 6f 6i 6m

200 84.45 ± 7.32 95.00 ± 2.69 88.45 ± 3.72 85.00 ± 1.38
100 93.90 ± 3.72 96.81 ± 1.92 92.72 ± 3.08 89.27 ± 6.05
50 97.36 ± 1.67 96.90 ± 2.05 94.45 ± 7.09 91.00 ± 7.61
25 98.45 ± 1.38 97.18 ± 2.12 96.81 ± 3.72 92.72 ± 6.42
12.5 98.45 ± 3.59 98.36 ± 2.82 98.90 ± 4.88 94.18 ± 5.65
6.25 98.18 ± 3.85 99.16 ± 1.51 99.18 ± 1.41 95.72 ± 7.12

Table 3
Molecular parameters of quinoline-azetidinone hybrids (6a–o).

Comp n-rotba nONb nOHNHc miLogpd MWe Rule of 5 violation Drug-likeness
model scoref

TPSAg (Å2) Molecular
volumeh (Å3)

Absorption
percent. % ABSi

Rule of 5 – �10 �5 �5 �500 �1 0.37 – – –
6a 3 4 1 4.72 392.67 0 0.36 45.23 302.88 93.39
6b 3 4 1 4.21 376.21 0 0.48 45.23 294.27 93.39
6c 4 5 1 4.10 388.25 0 0.53 54.46 314.89 90.21
6d 5 6 1 3.69 418.27 0 0.48 63.70 340.43 87.02
6e 6 7 1 3.68 448.30 0 0.18 72.93 356.98 83.83
6f 3 5 2 3.57 374.22 0 0.51 65.46 296.36 86.41
6g 4 7 1 4.00 403.22 0 �0.12 91.05 312.68 77.58
6h 3 4 1 5.31 427.11 1 0.45 45.23 316.41 93.39
6i 3 4 1 5.33 427.11 1 0.42 45.23 316.41 93.39
6j 3 4 1 5.33 427.11 1 0.42 45.23 316.41 93.39
6k 3 4 1 4.68 392.67 0 0.35 45.23 302.88 93.39
6l 3 4 1 4.95 455.1 0 0.22 45.23 312.16 93.39
6m 4 5 1 4.15 401.29 0 0.24 48.47 335.25 92.27
6n 3 5 1 3.80 383.23 0 0.25 69.02 306.20 85.18
6o 3 4 1 3.95 364.25 0 0.27 45.23 280.05 93.39
Pacj 1 4 2 �0.711 123 0 0.66 68.87 756.60 85.23
5-FUk 0 4 2 �0.59 130.08 0 �1.07 65.72 96.91 86.32
Doxl 5 12 7 0.57 543.52 3 1.02 206.08 459.18 37.90

a n-rotb, number of rotatable bonds.
b nON, number of hydrogen bond acceptors.
c nOHNH, number of hydrogen bond donors.
d miLogP, logarithm of compound partition coefficient between n-octanol and water.
e MW, molecular weight.
f Drug-likeness model score: Calculated using molsoft (http://molsoft.com/mprop/).
g TPSA, topological polar surface area.
h Molecular volume.
i Absorption percent (%ABS) was calculated by using %ABS = 109 � (0.345 � TPSA).
j Paclitaxel.
k 5-Fluorouracil.
l Doxorubicin.
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mixture of 7-chloro-4-hydrazinylquinoline (3) (15 mmol) and appropriate aryl
or heteroaryl aldehydes (4) (18 mmol) in dry ethanol (100 mL) was stirred at
room temperature for 24 h. The reaction was monitored by TLC for completion.
The precipitate formed was filtered, washed with cold ether and dried to get 7-
chloro-4-(2-(4-substituted benzylidene)hydrazinyl)quinolone. 7-Chloro-4-(2-
(4-chlorobenzylidene)hydrazinyl)quinoline (5a): Yellow powder; Yield 74%;

mp: 224 �C; FTIR (KBr, cm�1): 3238 (NH), 3172 (Ar-H), 1583 (C@N), 1575
(C@C); 1H NMR (DMSO-d6, 400 MHz) d, ppm: 7.3 (s, 1H, CH@N), 7.51 (d, 2H,
J = 8.4 Hz, Ar-H), 7.55 (s, 1H, Ar-H), 7.80 (d, 2H, J = 8.4 Hz, Ar-H), 7.82 (s, 1H, Ar-
H), 8.35 (s, 1H, Ar-H), 8.38 (m, 2H, Ar-H), 11.37 (s, 1H, NH). 7-Chloro-4-(2-(4-
hydroxybenzylidene)hydrazinyl)quinoline (5f): Yellow powder; Yield 57%; mp:
280 �C; FTIR (KBr, cm�1): 3647 (OH), 3211 (NH), 3120 (Ar-H), 1568 (C@N); 1H
NMR (DMSO-d6, 400 MHz) d, ppm: 6.83 (d, 2H, J = 8.8 Hz, Ar-H), 7.25 (s, 1H, Ar-
H), 7.49 (s, 1H, Ar-H), 7.62 (d, 2H, J = 8.4 Hz, Ar-H), 7.8 (s, 1H, –CH@N), 8.38–
8.30 (m, 3H, Ar-H), 9.83 (s, 1H, OH), 11.09 (s, 1H, NH). 7-Chloro-4-(2-(4-
nitrobenzylidene)hydrazinyl)quinoline (5g): Yellow powder; Yield 57%; mp:
230 �C; FTIR (KBr, cm�1): 3591 (NH), 3068 (Ar-H), 1566.20 (C@N), 1585
(NO2); 1H NMR (DMSO-d6, 400 MHz) d, ppm: 7.84 (s, 1H, –CH@N), 8.0 (d, 2H,
J = 8.4 Hz, Ar-H), 8.47-8.26 (m, 7H, Ar-H), 11.6 (s, 1H, NH).

31. General procedure for synthesis of 3-chloro-1-((7-chloroquinolin-4-yl)amino)-4-
(4-substituted phenyl)azetidin-2-one (6). To a stirred solution of 7-chloro-4-(2-
(4-substitutedbenzylidene)hydrazinyl)quinoline (5) (3.7 mmol) and
triethylamine (9 mmol) in dichloromethane (25 mL), chloroacetyl chloride
(9 mmol) in dichloromethane (25 mL) was added dropwise at 0–5 �C. The
reaction mixture was refluxed for 24 h. The reaction was monitored by TLC for
completion. The precipitate formed was filtered, washed with dichloromethane
and dried to get quinoline-azetidinone (6). 3-Chloro-1-((7-chloroquinolin-4-yl)
amino)-4-(4-chlorophenyl)azetidin-2-one (6a): Lime-yellow powder; Yield 60%;
mp: 328–330 �C; FTIR (KBr, cm�1): 3238 (NH), 3084 (Ar-H), 1705 (C@O); 1H
NMR (DMSO-d6, 400 MHz) d, ppm: 4.25 (s, 1H, CH), 5.74 (s, 1H, CH), 7.57 (d, 2H,
J = 8.4 Hz, Ar-H), 7.67 (s, 1H, Ar-H), 7.87 (s, 1H, Ar-H), 7.91(d, 2H, J = 8.4 Hz, Ar-
H), 8.10 (s, 1H, Ar-H), 8.68 (s, 1H, Ar-H), 8.80 (s, 1H, Ar-H), 13 (s, 1H, NH); LCMS
m/z = 393 (M+1). 3-Chloro-1-((7-chloroquinolin-4-yl)amino)-4-(4-fluorophenyl)
azetidin-2-one (6b): Yellow powder; Yield 75%; mp: 320–322 �C; FTIR (KBr,
cm�1): 4.25 (s, 1H, CH), 5.73 (s, 1H, CH), 6.78 (d, 2H, J = 8.8 Hz, Ar-H), 7.51 (s,
1H, Ar-H), 7.67(d, 2H, J = 8.8 Hz, Ar-H), 7.82 (s, 1H, Ar-H), 8.02 (s, 1H, Ar-H),
8.56 (s, 1H, Ar-H), 8.64 (s, 1H, Ar-H), 12.6 (s, 1H, NH); LCMSm/z = 375 (M+1). 3-
Chloro-1-((7-chloroquinolin-4-yl)amino)-4-(3,4-dimethoxyphenyl)azetidin-2-one
(6d): Yellow powder; Yield 72%; mp: 302–304 �C; FTIR (KBr, cm�1): 3169 (NH),
3081 (Ar-H), 1708 (C@O), 1315 (OCH3); 1H NMR (DMSO-d6, 400 MHz) d, ppm:
3.83 (s, 3H, OCH3), 3.87 (s, 3H, OCH3), 4.25 (s, 1H, CH), 5.73 (s, 1H, CH), 7.07 (s,
1H, Ar-H), 7.38-7.36 (m, 1H, Ar-H), 7.49 (s, 1H, Ar-H), 7.61 (s, 1H, Ar-H), 7.88–
7.85 (m, 1H, Ar-H), 8.05 (s, 1H, Ar-H), 8.64–8.62 (m, 1H, Ar-H), 8.70 (s, 1H, Ar-
H), 12.8 (s, 1H, NH); LCMS m/z = 419 (M+1); 3-Chloro-1-((7-chloroquinolin-4-yl)
amino)-4-(3,4,5-trimethoxyphenyl)azetidin-2-one (6e): Yellow powder; Yield
70%; mp: 328–330 �C; FTIR (KBr, cm�1): 3210 (NH), 3084 (Ar-H), 1705
(C@O), 1334 (OCH3); 1H NMR (DMSO-d6, 400 MHz) d, ppm: 3.73 (s, 3H,
OCH3), 3.88 (s, 6H, OCH3), 4.25 (s, 1H, CH), 5.7 (s, 1H, CH), 7.1 (s, 2H, Ar-H), 7.65
(s, 1H, Ar-H), 7.86 (s, 1H, Ar-H), 8.09 (s, 1H, Ar-H), 8.64 (s, 1H, Ar-H), 8.75 (s, 1H,
Ar-H), 10.93 (s, 1H, NH); LCMS m/z = 550 (M+2). 3-Chloro-1-((7-chloroquinolin-
4-yl)amino)-4-(4-hydroxyphenyl)azetidin-2-one (6f): Yellow powder; Yield 65%;
mp: 340–342 �C; 3647 (OH), 3278 (NH), 3086 (Ar-H), 1703 (C@O); 1H NMR
(DMSO-d6, 400 MHz) d, ppm: 4.25 (s, 1H, CH), 5.73 (s, 1H, CH), 6.89 (d, 2H,
J = 8.8 Hz, Ar-H), 7.32 (s, 1H, Ar-H), 7.32 (s, 1H, Ar-H), 7.50 (s, 1H, Ar-H), 7.68 (d,
2H, J = 8.8 Hz, Ar-H), 7.81 (m, 1H, Ar-H), 8.09 (s, 1H, Ar-H), 10.21 (s, 1H, OH),
12.9 (s, 1H, NH); LCMS m/z = 375 (M+1). 3-Chloro-1-((7-chloroquinolin-4-yl)
amino)-4-(4-nitrophenyl)azetidin-2-one (6g): Yellow powder; Yield 40%; mp:
320–322 �C; FTIR (KBr, cm�1): 3157 (NH), 3078 (Ar-H), 1697 (C@O), 1585
(NO2); 1H NMR (DMSO-d6, 400 MHz) d, ppm: 4.25 (s, 1H, CH), 5.74 (s, 1H, CH),
7.32 (s, 1H, Ar-H), 7.90 (s, 1H, Ar-H), 8.10 (s, 1H, Ar-H), 8.16 (d, 2H, J = 8.8 Hz,
Ar-H), 8.33 (d, 2H, J = 8.8 Hz, Ar-H), 7.75 (s, 1H, Ar-H), 8.57 (s, 1H, Ar-H), 13.02
(s, 1H, NH); LCMS m/z = 404 (M+1). 3-Chloro-1-((7-chloroquinolin-4-yl)amino)-
4-(3,4-dichlorophenyl)azetidin-2-one (6j): Light yellow powder; Yield 81%; mp:
340–342 �C; FTIR (KBr, cm�1): 3170 (NH), 3054 (Ar-H), 1695 (C@O); 1H NMR
(DMSO-d6, 400 MHz) d, ppm: 4.26 (s, 1H, CH), 5.73 (s, 1H, CH), 7.80–7.71 (m,
3H, Ar-H), 8.10 (s, 1H, Ar-H), 8.17 (s, 1H, Ar-H), 8.68 (s, 1H, Ar-H), 8.75 (s, 1H,
Ar-H), 8.80 (s, 1H, Ar-H),12.98 (s, 1H, NH); LCMS m/z = 427. 3-Chloro-1-((7-
chloroquinolin-4-yl)amino)-4-(2-chlorophenyl)azetidin-2-one (6k): Yellow
powder; Yield 50%; mp: 336–338 �C; FTIR (KBr, cm�1): 3169 (NH), 3082 (Ar-
H), 1710 (C@O); 1H–NMR (DMSO-d6, 400 MHz) d, ppm: 4.25 (s, 1H, CH), 5.74
(s, 1H, CH), 8.1–7.68–7.46 (m, 3H, Ar-H), 7.87 (s, 1H, Ar-H), 8.22–8.14 (m, 2H,
Ar-H), 8.70 (s, 1H, Ar-H), 8.85 (s, 1H, Ar-H), 9.23 (s, 1H, Ar-H), 13.1 (s, 1H, NH);
LCMS m/z = 393 (M+1).
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a b s t r a c t

An efficient three-component, one-pot protocol is described for the synthesis of biologically interesting
2-(benzylideneamino)-N-(7-chloroquinolin-4-yl)benzohydrazide derivatives from isatoic anhydride,
7-chloro-4-hydrazinylquinoline and aromatic and/or hetero aromatic aldehydes under catalyst free
condensation by using water as reaction media. All synthesized compounds were evaluated for their
antimycobacterial activity against Mycobacterium tuberculosis (MTB) and cytotoxicity activity against
normal VERO cell lines. The synthesized compounds exhibited minimum inhibitory concentration
(MIC) ranging from 0.78 to 25 lM. Among the tested compounds 4c, 4o, 4r, and 4u exhibited promising
inhibitory activity (MIC = 3.12 lM). Compounds 4h and 4i stand out, showing MIC values of 0.78 and
1.56 lM respectively. Both compounds were further screened for their Mycobacterium tuberculosis DNA
gyrase inhibitory assay which suggested that these compounds have a great potential for further
optimization and development as antitubercular agents.

� 2017 Elsevier Ltd. All rights reserved.

Tuberculosis (TB) remains a major health threat, affecting mil-
lions of people and claiming thousands of lives throughout the
globe. The main causative agent of TB isMycobacterium tuberculosis
(MTB) which continues to infect increasing number of people with
each passing year. Based on reports published by World Health
Organization (WHO), the number of new TB cases has continually
been on rise, from 8.6 million in 2012 to 9 million in 2013 to an
estimated 9.6 million new cases in 2014. TB has caused 1.5 million
deaths and nearly one-third of the world’s population is estimated
to be infected latently by MTB.1–4 TB disease continues to infect
colossal masses of population worldwide wherein the African
region accounts for 29% of the estimated TB cases and the South-
east Asian region accounts for 38% of the same. India, China and
Indonesia comprise of 43% of global TB patients, with India alone
being home for 23% of the world’s incident cases and 21% of world
deaths for TB.4 The ability of MTB to develop resistance has
resulted in the manifestation of TB in more serious and deadly
forms like multi-drug resistant TB (MDR-TB) and extensively
drug-resistant TB (XDR-TB), rendering TB incurable by the usually
administered antitubercular drugs like isoniazid, rifampicin and
fluoroquinolones.5,6

Owing to the vast research on antitubercular activity, many
synthesized heterocyclic compounds have efficiently displayed
antitubercular activity. Various studies have identified quinoline
scaffolds as potential antitubercular agents.7–12 Also, quinoline
and its derivatives have always attracted the attention of industrial
and academic personnel. It is being reported of displaying many
interesting biological properties such as antitubercular, antimalar-
ial, antimicrobial, cytotoxic, antiviral, antifungal, anti-inflamma-
tory, anti-alzheimer and antiprotozoal activities.13 In recent
years, Schiff bases have emerged as a privileged scaffold for syn-
thesis of new chemical entities that have been widely explored
for pharmacological effects such as antimicrobial, anticancer, anti-
fungal, antiviral, antimalarial, anti-inflammatory, analgesic,
antioxidant, antihypertensive and lipid-lowering activities.14,15

In the present research work, we have employed multicompo-
nent reaction (MCR) approach to yield anthranilamide schiff bases
as the target compounds. MCR is a process in which three or more
different components are utilized in one pot to produce a final pro-
duct that incorporates the elements of all starting materials in its
framework. Various multicomponent reactions have employed dif-
ferent small ring heterocycles both as starting materials in synthe-
sizing complex structures and also as useful targets of synthesis.
Thus, multicomponent reactions (MCRs) protocol has become a
powerful tool in medicinal organic synthesis because of their many

http://dx.doi.org/10.1016/j.bmcl.2017.02.031
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benefits over classical multistep synthesis such as structural diver-
sity, short reaction times, high yields, simple procedures, high
selectivity and less by-products.16–21

Furthermore, keeping in view the aspect of green chemistry, in
the current research work, we have used water as a solvent which
has proven to be environmentally benign. Certain works including
MCRs have been reported to successfully employ water as a reac-
tion medium.22 Water possesses certain physical and chemical
properties which has rendered it unique hydrogen bond formation
ability, thus resulting in significant reaction rate enhancement.
This acceleration in the pace of reaction can also be attributed to
other factors like the hydrophobic effect and cohesive energy den-
sity of water.23–27 Owing to these attributes, water has been uti-
lized as a solvent in numerous organic transformations28,29 as
well as in synthesis of drugs and biorelevant heterocycles.30–38

Considering all the above facts and in continuation to our
research program39,40 toward the design and development of
new antitubercular agents which has been depicted in Fig. 1, we
herein report a three-component, one-pot synthesis of anthranil-
amide Schiff bases bearing 4-aminoquinoline moiety as Mycobac-
terium tuberculosis gyrase inhibitors. The reaction was initiated
by reacting isatoic anhydride (1), 7-chloro-4-hydrazinylquinoline

(2), and substituted aromatic and/or hetero-aromatic aldehydes
(3) in water at room temperature and the title compounds (4a-
u)41 were obtained in high yields (Scheme 1). To find the optimum
reaction conditions, the reaction was carried out at room temper-
ature in several solvents including water, methanol, ethanol and
IPA. The maximum yield and shortest reaction time was obtained
in water in absence of catalyst (Table 1).

To find the optimum reaction conditions, synthesis of com-
pound (4a) was carried out at room temperature in several polar
and non-polar solvents including water, methanol, ethanol, iso-
propyl alcohol, benzene, toluene, acetonitrile (MeCN) and N,N-
dimethylformamide (Table 1). The results showed that water
proved to be a promising solvent for present MCR reaction.

Fig. 1. Design and development of Mycobacterium tuberculosis DNA gyrase inhibitors.

Scheme 1. One pot three component synthesis of target compounds 4a-u.
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The structures of all the synthesized compounds were con-
firmed by IR, NMR and mass spectral analysis. The IR spectra of
(4a-u) displayed the appearance of characteristic absorption bands
at around 3300 cm�1 assignable for amino (NH) group and strong
band in the range 1690–1715 cm�1 attributed to a carbonyl
(C@O) group. The proton NMR spectra of the 2-(benzylide-
neamino)-N0-(7-chloroquinolin-4-yl)benzohydrazidederivatives
(4a-u) clearly illustrated the appearance of two singlet NH signals
at d 13 ppm (ArACOANHA) and 8.4 ppm (QCANHA) due to forma-
tion of benzohydrazide (ArACOANHANHA). The proton NMR
spectra also showed a singlet signal corresponding to imine

(ACH@NA) proton between d 8.0 ppm and 7.8 ppm, confirming
the formation of Schiff’s base. Finally, formation of anthranilamide
Schiff base compounds was evidenced by mass spectral data.

All the newly synthesized compounds 4a-u underwent in vitro
antitubercular screening against Mycobacterium tuberculosis
H37Rv (ATCC 27294) using the Micro plate Alamar Blue assay
(MABA) method.42 The activity is expressed as minimum inhibitory
concentration (MIC). Pyrazinamide and ciprofloxacin were used as
standard. The results of the in vitro antimycobacterial activity are
summarized in Table 2. The title compounds exhibited minimum
inhibitory concentration ranging from 0.78 to 25 lM. The biologi-
cal activity results revealed that the substituents and different
positions of substituents have effect on the antimycobacterial
activity. Generally, the aldehyde with electron releasing group like
methyl and methoxy group at the para position of the phenyl ring
gave relatively good inhibitory activity. Compounds 4h and 4i
stand out, showing MIC values of 0.78 and 1.56 lM respectively.
Both the compounds were seen to be more potent than the refer-
ence agents pyrazinamide (MIC = 3.12 lM) and ciprofloxacin
(MIC = 12.5 lM). The presence of electron withdrawing chloro
group (4c) and a dimethyl amino group at the para position of
the aldehyde portion (4o) displayed promising inhibitory activity
with MIC values of 3.12 lM. Similar activity (MIC = 3.12 lM) was

Table 1
Optimization of reaction conditions for synthesis of compound (4a).

Entry Solvent Time (h) Yield (%)

1 Water 4 85
2 Methanol 12 54
3 Ethanol 8 58
4 IPA 10 60
5 Acetonitrile 10 70
6 N,N-Dimethylformamide 12 52
7 Toluene 12 Traces
8 Benzene 12 Traces

Table 2
Physical constants, antimycobacterial activity and cytotoxicity study of synthesized (E)-2-(benzylideneamino)-N0-(7-chloroquinolin-4-yl)benzohydrazide derivatives (4a-u).

Comp Ar (Aldehyde) Product Yield (%) MIC (lM)a % VEROb Cell viability at 100 lM Drug likenessc

4a 85 6.25 90.7 ± 5.2 0.53

4b 82 25 88.5 ± 6.72 0.51

4c 84 3.12 86.7 ± 3.56 0.55

4d 87 6.25 89.1 ± 6.99 0.81

4e 81 6.25 87.6 ± 5.03 0.66

(continued on next page)
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Table 2 (continued)

Comp Ar (Aldehyde) Product Yield (%) MIC (lM)a % VEROb Cell viability at 100 lM Drug likenessc

4f 83 25 90.2 ± 6.99 0.75

4g 87 6.25 88.5 ± 5.22 0.38

4h 83 0.78 87.1 ± 6.05 0.53

4i 85 1.56 88.9 ± 5.59 0.73

4j 73 6.25 89.2 ± 4.57 0.89

4k 81 6.25 89.4 ± 3.38 0.74

4l 84 25 88.6 ± 4.21 0.05

4m 82 25 90.1 ± 3.8 0.79
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Table 2 (continued)

Comp Ar (Aldehyde) Product Yield (%) MIC (lM)a % VEROb Cell viability at 100 lM Drug likenessc

4n 88 25 87.2 ± 3.75 0.34

4o 86 3.12 88.8 ± 5.03 0.36

4p 79 6.25 89.5 ± 5.51 0.55

4q 83 25 85.7 ± 2.43 0.77

4r 81 3.12 90.2 ± 3.44 0.51

4s 80 25 94.3 ± 5.93 0.66

4t 76 25 91.1 ± 4.52 0.44

4u 84 3.12 89.5 ± 6.64 1.14

Pyd – – – 3.12 – �0.15
Cpe – – – 12.5 – 0.93

a MIC (lM) indicated Minimum inhibitory concentration.
b VERO, Monkey Kidney cell line (Cat No. 11095-080).
c Drug likeness was calculated by using Molsoft software.
d Pyrazinamide.
e Ciprofloxacin.
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observed when cinnamaldehyde was used as the aldehydic sub-
stituent in compound 4r and 4-((7-chloroquinolin-4-yl)oxy)-3-
methoxybenzaldehyde was used as aldehyde in compound 4u.
The moderate antimycobacterial activity was observed for sub-
strate bearing electronegative halogens at the meta and/or para
position of the aldehyde portion. Compound 4a with para-fluoro
substitution, compound 4d and 4e with 2,3-(Cl)2 and 2,4-(Cl)2 sub-
stitution, compound 4g with para-bromo substitution have dis-
played antitubercular activity with MIC 6.25 lM. Compounds
with 3,4-(OCH3)2 substituted benzaldehyde (4j), 3,4,5-(OCH3)3
substituted benzaldehyde (4k) and 2-thiophene substituted alde-
hyde (4p) have exhibited antitubercular activity with MIC
6.25 lM. The compounds like 4b, 4f, 4l, 4m, 4n, 4q, 4s and 4t

showed weak inhibitory activity with MIC 25 lM. The compounds
displaying the most potent MIC values (4h and 4i) were further
tested for their ability to inhibit DNA supercoiling using DNA gyr-
ase from Mycobacterium tuberculosis.10,11 DNA gyrase is a tetra-
meric A2B2 type II topoisomerase in the MTB genome which
encodes only two topoisomerases that maintain the DNA topology.
Unlike some other bacteria, the presence of only two topoiso-
merases in MTB is a very attractive feature in drug discovery, mak-
ing the enzyme more vulnerable to inhibition. DNA gyrase houses
two domains with the Gyr A subunit carrying out the nicking and
resealing of the DNA, while the Gyr B subunit promoting the ATP
hydrolysis that aids in DNA supercoiling.43–46 The DNA gyrase
supercoiling assay (Inspiralis, Norwich) revealed that the com-
pound 6i showed 41.7% DNA gyrase supercoiling inhibition and
compound 6h displayed 24.5% DNA gyrase supercoiling inhibition
at 10 lM concentration. Novobiocin was used as positive control
(Fig. 2).

Furthermore, the safety of synthesized compounds was ana-
lyzed by testing against normal VERO cell line by MTT colorimetric
assay.47 All title compounds exhibited a good safety profile with
low inhibitory activity against normal VERO cell line. The cytotoxic
activity results were calculated as % cell viability at 100 lM
(Table 2). The viability of cells at 100 lM ranged from
85.78 ± 12.43% to 94.33 ± 5.93% thus confirming that all the syn-
thesized compounds did not exhibit any significant toxicity effect
on normal VERO cells. Hence, the synthesized analogues are suit-
able for further development as new antitubercular agents. In addi-
tion, various molecular parameters were calculated based on the
Lipinski’s rule of five, which is represented by a numerical value
that is a collective property encompassing physicochemical prop-
erties, pharmacokinetics and pharmacodynamics of a compound.
The drug likeness model score was determined by MolSoft soft-
ware (Table 3).48,49 All the compounds showed a positive drug like-
ness score which shows that these compounds may have good
drug like features.Fig. 2. DNA supercoiling assay results of compounds 4h and 4i.

Table 3
Molecular parameters of synthesized anthranilamide Schiff bases 4a-u.

Comp MWa HBAb HBDc LogPd PSAe Rule of 5 violation

Rule of 5 <500 �10 �5 �5 – �1
4a 418.85 3 2 5.18 52.75 1
4b 435.31 3 2 5.50 52.75 1
4c 435.31 3 2 5.62 52.75 1
4d 469.75 3 2 6.10 52.75 1
4e 469.75 3 2 6.22 52.75 1
4f 469.75 3 2 6.22 52.75 1
4g 445.86 3 2 5.76 52.75 1
4h 414.89 3 2 5.31 52.75 1
4i 430.89 4 2 5 60.29 0
4j 460.91 5 2 4.97 68.01 0
4k 490.94 6 2 4.94 75.73 0
4l 445.86 5 2 4.58 86.13 0
4m 416.86 4 3 4.65 70.37 0
4n 425.87 4 2 4.83 69.81 0
4o 443.93 3 2 5.03 55.56 1
4p 406.89 4 2 4.78 53.77 0
4q 401.85 4 2 3.86 62.18 0
4r 426.90 3 2 5.54 53.38 1
4s 486.35 4 2 6.00 61.72 1
4t 467.91 4 3 4.65 77.63 0
4u 608.47 6 2 7.74 75.45 2
Pyraf 123.88 3 2 �0.71 68.88 0
Ciprog 331.35 4 2 �0.70 74.57 0

a MW, molecular weight.
b HBA, number of hydrogen bond acceptors.
c HBD, number of hydrogen bond donors.
d LogP, logarithm of compound partition coefficient between n-octanol and water.
e PSA, polar surface area.
f Pyrazinamide.
g Ciprofloxacin.
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In summary, an efficient three-component, one-pot protocol is
described for the synthesis of biologically interesting 2-(benzylide-
neamino)-N-(7-chloroquinolin-4-yl)benzohydrazide derivatives
from isatoic anhydride, 7-chloro-4-hydrazinylquinoline and aro-
matic and/or hetero aromatic aldehydes under catalyst free con-
densation by using water as reaction medium. All synthesized
compounds were evaluated for their antimycobacterial activity
against Mycobacterium tuberculosis (MTB) and cytotoxicity activity
against normal VERO cell lines. The synthesized compounds exhib-
ited minimum inhibitory concentration (MIC) ranging from 0.78 to
25 lM. Among the tested compounds 4c, 4o, 4r, and 4u exhibited
promising inhibitory activity (MIC = 3.12 lM). Compounds 4h and
4i stand out, showing MIC values of 0.78 and 1.56 lM respectively.
Both compounds were further screened for their Mycobacterium
tuberculosis DNA gyrase inhibitory assay which suggested that
these compounds have a great potential for further optimization
and development as lead antitubercular compounds.
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(t, 2H, Ar-H), 6.74 (d, 1H, J = 8 Hz, Ar-H), 6.95–7.05 (m, 2H, Ar-H), 7.48–7.73 (m,
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J = 8.8 Hz, Ar-H), 8.25–8.48 (m, 2H, Ar-H), 8.60 (d, 1H, J = 8 Hz, Ar-H), 8.71 (s,
1H, NH), 13.87 (s, 1H, NH); LCMS: m/z = 468, 471(M+1); (E)-N0-(7-
chloroquinolin-4-yl)-2-((4-methylbenzylidene) amino)benzohydrazide (4h):
Yield: 83%; mp: 114 –115 �C; IR (KBr, cm�1): 3223 (NH), 3054 (Ar-H), 1680
(C@O), 1620 (C@N); 1H-NMR (400 MHz; DMSO-d6): d = 3.36 (s, 3H, CH3), 6.57
(t, 2H, Ar-H), 6.76 (d, 1H, J = 8 Hz, Ar-H), 7.09–7.29 (m, 2H, Ar-H), 7.47–7.56 (m,
2H, Ar-H), 7.62 (d, 1H, J = 8.4, Ar-H), 7.67 (d, 1H, J = 8.4, Ar-H), 7.85 (s, 1H,
ACH@NA), 8.02 (d, 1H, J = 8 Hz, Ar-H), 8.32–8.38 (m, 2H, Ar-H), 8.44 (s, 1H,
NH), 8.61 (d, 1H, J = 8.4 Hz, Ar-H), 12.76 (s, 1H, NH); LCMS: m/z = 415, 416 (M
+1); (E)-N0-(7-chloroquinolin-4-yl)-2-((4-methoxybenzylidene)amino)
benzohydrazide (4i): Yield: 85%; mp: 162–164 �C; IR (KBr, cm�1): 3195 (NH),
3060 (Ar-H), 1685 (C@O), 1620 (C@N); 1H NMR (400 MHz; DMSO-d6): d = 3.81
(s, 3H, OCH3), 6.57 (t, 2H, Ar-H), 6.70 (d, 1H, J = 8 Hz, Ar-H), 7.02–7.24 (m, 3H,
Ar-H), 7.39 (d, 1H, J = 8 Hz, Ar-H), 7.46 (d, 1H, J = 8 Hz, Ar-H), 7.58–7.67 (m, 2H,
Ar-H), 7.76 (d, 1H, J = 8.8 Hz, Ar-H), 7.87 (s, 1H, ACH@NA), 8.02 (d, 1H, J = 8 Hz,
Ar-H), 8.45 (s, 1H, NH), 8.62 (d, 1H, J = 8.4 Hz, Ar-H), 12.07 (s, 1H, NH); LCMS:
m/z = 429, 431 (M+1); (E)-N0-(7-chloroquinolin-4-yl)-2-((3,4-
dimethoxybenzylidene)amino)benzohydrazide (4j): Yield: 73%; mp: 160–
161 �C; IR (KBr, cm�1): 3220 (NH), 3052 (Ar-H), 1680 (C@O), 1615 (C@N); 1H
NMR (400 MHz; DMSO-d6): d = 3.80 (s, 3H, OCH3), 3.85 (s, 3H, OCH3), 6.51 (t,
2H, Ar-H), 6.76 (d, 1H, J = 8 Hz, Ar-H), 7.01 (d, 1H, J = 8.4, Ar-H), 7.10–7.25 (m,
2H, Ar-H), 7.51–7.74 (m, 3H, Ar-H), 7.84 (s, 1H, ACH@NA), 8.01 (d, 1H, J = 8 Hz,
Ar-H), 8.33 (s, 1H, NH), 8.36 (d, 1H, J = 8.8 Hz, Ar-H), 8.61 (d, 1H, J = 8.4 Hz, Ar-
H), 12.77 (s, 1H, NH); LCMS: m/z = 461, 462 (M+1); (E)-N0-(7-chloroquinolin-4-
yl)-2-((3,4,5-trimethoxybenzylidene)amino)benzohydrazide (4k): Yield: 81%;
mp: 222–224 �C; IR (KBr, cm�1): 3210 (NH), 3065 (Ar-H), 1685 (C@O), 1618
(C@N); 1H NMR (400 MHz; DMSO-d6): d = 3.70 (s, 3H, OCH3), 3.86 (s, 6H, OCH3),
6.56 (t, 2H, Ar-H), 6.76 (d, 1H, J = 8 Hz, Ar-H), 7.03–7.25 (m, 2H, Ar-H), 7.34 (d,
1H, J = 8 Hz, Ar-H), 7.53–7.72 (m, 2H, Ar-H), 7.82 (s, 1H, ACH@NA), 8.02 (d, 1H,
J = 8 Hz, Ar-H), 8.32 (s, 1H, NH), 8.37 (d, 1H, J = 8.8 Hz, Ar-H), 8.61 (d, 1H,
J = 8.4 Hz, Ar-H), 12.69 (s, 1H, NH); LCMS: m/z = 491, 492 (M+1); (E)-N0-(7-
chloroquinolin-4-yl)-2-((4-nitrobenzylidene)amino)benzohydrazide (4l):
Yield: 84%; mp: 268–269 �C; IR (KBr, cm�1): 3210 (NH), 3040 (Ar-H), 1690
(C@O), 1615 (C@N); 1H NMR (400 MHz; DMSO-d6): d = 6.57 (t, 2H, Ar-H), 6.76
(d, 1H, J = 8 Hz, Ar-H), 7.09–7.22 (m, 2H, Ar-H), 7.37 (d, 1H, J = 8 Hz, Ar-H),
7.54–7.62 (m, 2H, Ar-H), 7.83 (s, 1H,ACH@NA), 8.01 (d, 1H, J = 8 Hz, Ar-H), 8.25
(d, 1H, J = 8.4 Hz, Ar-H), 8.36 (d, 1H, J = 8.8 Hz, Ar-H), 8.46 (s, 1H, NH), 8.61 (d,
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1H, J = 8 Hz, Ar-H), 12.53 (s, 1H, NH); LCMS: m/z = 446 (M+1); (E)-N0-(7-
chloroquinolin-4-yl)-2-((4-hydroxybenzylidene)amino)benzohydrazide (4m):
Yield: 82%; mp: 220–221 �C; IR (KBr, cm�1): 3196 (NH), 3045 (Ar-H), 1685
(C@O), 1610 (C@N); 1H NMR (400 MHz; DMSO-d6): d = 6.59 (t, 2H, Ar-H), 6.83
(d, 1H, J = 8.8 Hz, Ar-H), 7.08–7.36 (m, 2H, Ar-H), 7.52–7.56 (m, 2H, Ar-H), 7.61
(d, 1H, J = 8 Hz, Ar-H), 7.63–7.81 (m, 3H, Ar-H), 7.83 (s, 1H, ACH@NA), 7.91 (d,
1H, J = 8 Hz, Ar-H), 8.34 (s, 1H, NH), 8.60 (d, 1H, J = 8 Hz, Ar-H), 9.84 (s, 1H, OH),
12.68 (s, 1H, NH); LCMS: m/z = 417 (M+1); N0-(7-chloroquinolin-4-yl)-2-((E)-
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nanoparticles exerted thermo and pH responsive properties 
with biocompatibility. By varying the CS and MBA con-
centrations in the co-polymer, desired LCST, particle size 
and zeta potential for co-polymeric nanoparticles can be 
obtained and thus the synthesized co-polymer may have 
great potential to be used as a drug carrier (nanoform) with 
both thermo and pH responsiveness.

Keywords Chitosan · N-isopropylacrylamide · 
N,N-methylenebisacrylamide · Chitosan-g-poly 
(N-isopropylacrylamide) · Co-polymer

Introduction

Poly (N-isopropylacrylamide) (PNIPAAm), a thermore-
sponsive polymer has hydrophobic isopropyl side chains 
and hydrophilic amide groups, hence it is soluble both in 
water as well as organic solvents (low polarity). PNIPAAm 
has a lower critical solution temperature (LCST) of 32 °C. 
At temperature below LCST water-polymer interactions 
(hydrogen bonds) are dominant, thus PNIPAAm is soluble 
in aqueous solution, whereas, at above LCST it shows a 
sharp phase transition (shrinking conformation) due to dis-
rupted hydrogen bonds and strong hydrophobic interactions 
among hydrophobic segments [1–3]. PNIPAAm micropar-
ticles are not biocompatible due to their synthetic nature. 
To improve the  biocompatibility for biomedical applica-
tions, researchers have started to focus on introducing co-
monomer with biological characteristics into PNIPAAm. 
Chitosan- a natural polysaccharide exhibits pH responsive 
property due to protonation-deprotonation equilibrium of 
amino groups present. Because of its unique and attractive 
biological properties such as biodegradability, biocom-
patibility, antibacterial activity, non-toxicity, it has been 

Abstract The objective of the present study was to syn-
thesize and evaluate the effect of change in concentration 
of chitosan (CS) and N,N-methylenebisacrylamide (MBA)- 
a cross linking agent, on various properties such as lower 
critical solution temperature (LCST), zeta potential, parti-
cle size and poly dispersity index (PDI) of the synthesized 
co-polymer. Nine different formulations of chitosan-g-poly 
(N-isopropylacrylamide) (CS-g-PNIPAAm) co-polymer 
with varying CS and MBA concentrations were synthesized 
by a surfactant free dispersion copolymerization method. 
The synthesized co-polymer was further characterized and 
confirmed for its structure, morphology, particle size, zeta-
potential, thermo and pH responsive properties, in-vitro 
cyto-compatability and stability studies using various ana-
lytical tools. The data confirms the successful synthesis of 
co-polymer. The increase in the concentrations of CS and 
MBA during the polymerization of co-polymer, resulted 
in proportional increase of LCST and zeta potential with 
decrease in particle size of co-polymeric nanoparticles. pH 
responsive studies showed that as the pH of the medium 
increases particle size and zeta potential decreases with 
increase in LCST of co-polymeric nanoparticles. From the 
results, it can be inferred that the synthesized co-polymeric 
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utilized in the areas of smart drug delivery systems, food 
processing, cosmetics, biomaterials and wound healing [4, 
5].

Recently, grafting PNIPAAm side chains on to chitosan 
backbone is highlighted area of research. This grafting 
binds most intensively used thermosensitive polymer, with 
most biocompatible natural polysaccharide, to achieve dual 
(thermo and pH) responsive properties [6, 7]. In previous 
studies, PNIPAAm grafted on CS co-polymer (CS-g-PNI-
PAAm) is investigated as pH- responsive [8–10], thermo-
responsive [11, 12] and dual pH and thermo responsive 
[13–15] carrier for drug delivery and indicated that these 
co-polymer particles with environmentally sensitive prop-
erties are expected to be utilized in smart drug delivery. 
Owing to the fact that, the physical microenvironment in 
human body, there are only minor differences in tempera-
ture and pH between diseased and normal tissues like in 
tumor tissue. Therefore the environmentally responsive pol-
ymeric drug carriers must be able to accurately sense the 
changes in their surroundings and trigger the drug release 
to achieve targeted drug delivery. The main challenge 
in achieving this goal lies in: finding the effective form 
of carrier (nano or microparticles); modification of the 
responsiveness of the carriers with sufficient stability. This 
actually means, when the synthesized CS-g-PNIPAAm par-
ticles are used as a carrier in nano-form for targeted drug 
delivery, they should reach the target site without being 
cleared from blood by RES (Reticuloendothelial system), 
sense the pH and temperature changes at the  target site 
and trigger the drug release to achieve targeted drug deliv-
ery. Thus, it is of significant practical interest to study the 
effect of various chitosan/NIPAAm ratios and the amount 
of crosslinking agent in significantly modifying the particle 
size, phase-transition behavior and zeta potential (stability) 
of CS-g-PNIPPAm co-polymeric particles.

For the synthesis of CS-g-PNIPAAm smart copolymer 
various methods like free radical co-polymerization [10], 
radiation-based methods [13, 16], self assembly method 
[17], use of condensing agents [18] and surfactant free 
dispersion co-polymerization methods [19] were reported 
earlier. In the present study, surfactant free dispersion co-
polymerization method is adopted for the synthesis of CS-
g-PNIPAAm co-polymer as the method is simple and the 
subsequent purification of the microparticles is easy to 
obtain pure microparticle dispersion as it is surfactant-free.

Currently, Lee and co-workers synthesized crosslinked 
poly(chitosan-N-isopropylacrylamide) complex particles 
by soapless dispersion polymerization method, wherein, 
the copolymer particles synthesized with anionic ini-
tiator ammonium persulfate (APS) had a homogeneous 
morphology whereas, the  particles synthesized with cati-
onic initiator 2,2′-azobis(2-methylpropionamidine) dihy-
drochloride (AIBA) showed a core–shell morphology. In 

addition, the results also revealed that the increase of either 
the chitosan/NIPAAm weight ratio or the crosslinking agent 
decreased the swelling ratio of the chitosan–NIPAAm copol-
ymer [20]. Nascimento et  al., evaluated the stability and 
rheological behavior of suspensions of PNIPAM, chitosan-
g-PNIPAM (PNIPAM-CS) and chitosan-g-polyacrylamide 
(PNIPAM-co-PAA) particles. The PNIPAM-CS-PAA parti-
cles were more stable in neutral and alkaline media whereas, 
PNIPAM-CS particles showed higher stability in acid and 
neutral media both below and above LCST of PNIPAM. 
The results demonstrated that, introduction of pH-sensitive 
polymers to crosslinked PNIPAM particles not only produce 
dual-sensitive materials but also allow particle stability to be 
adjusted, making the phase separation faster or slower [21]. 
Abbas khan and co-workers prepared chitosan-PNIPAM 
based microgels and it was observed that variables such as 
NIPAM/chitosan ratio, amount of cross-linker and tempera-
ture/pH not only affects the physicochemical properties of 
hydrogel such as swelling/de-swelling, volume phase transi-
tions, electrical properties, colloidal stability and rheologi-
cal behaviour but also the dual sensitivity and stability of the 
microgels [22]. In another study, CS-g-PNIPAAm was syn-
thesized using sonication with and without the crosslinker 
MBA. The microgels synthesized with MBA had a smaller 
particle diameter, higher LCST and were  more stable in 
acidic pH as compared with microgels synthesized without 
MBA [23]. However, there is a lack of detailed investigations 
with statistical significance on the effect of various chitosan/
NIPAAm ratios and amount of crosslinking agent on the par-
ticle size, phase-transition behavior and zeta potential of CS-
g-PNIPPAm co-polymeric particles. In this context, in the 
present study CS-g-PNIPAAm co-polymers were synthesized 
with varying concentrations of chitosan and MBA and evalu-
ated for their effect on phase transition behavior, zeta poten-
tial, PDI and particle size of co-polymeric nanoparticles. 
After polymerization, structure, morphology, thermogravi-
metric analysis (TGA) and X-ray diffraction (XRD), thermo 
and pH responsive properties, in-vitro cyto-compatability and 
stability studies of co-polymer were also studied. The results 
concluded that the CS/NIPAAm ratio, concentration of MBA 
as well as pH of medium significantly modify the above men-
tioned properties of CS-g-PNIPAAm co-polymeric nanopar-
ticles. The cyto-compatability of CS-g-PNIPAAm co-pol-
ymeric nanoparticles was confirmed by cytotoxicity studies 
carried on normal cell lines (NIH).

Materials and Methods

Materials

Chitosan (degree of deacetylation > 90%) was obtained as a 
gift sample from Central Institute of Fisheries Technology, 
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Cochin, India. Ammonium persulphate (APS), N,N-
methylenebisacrylamide (MBA), N-isopropylacrylamide 
(NIPAAm) and glacial acetic acid were purchased from 
Acros (Geel, Belgium). Dialysis membrane with molecu-
lar weight cutoff of 12,000–14,000  Da was purchased 
from HiMedia Laboratories Pvt. Ltd. Mumbai, India (LA 
401-HiMedia). Normal human fibroblast cell lines (NIH) 
were purchased from NCCS Pune, India. All the other 
chemicals used were of analytical grade.

Preparation of Chitosan-g-PNIPAAm Co-polymer

Nine different formulations of chitosan-g-PNIPAAm (CS-
g-PNIPAAm) co-polymers were prepared by a surfactant 
free dispersion co-polymerization method with few modifi-
cations [19]. Chitosan solution was prepared using 1% gla-
cial acetic acid with continuous stirring for 24  h at room 
temperature. Copolymerization was carried out using a 
three necked round bottom flask (RBF) fitted with a con-
denser, thermometer and nitrogen inlet for maintaining the 
nitrogen atmosphere throughout the reaction. RBF was 
filled with chitosan solution, NIPAAm and MBA were 
added with vigorous stirring, the temperature was raised to 
50 °C and then APS was added to initiate the polymeriza-
tion. The reaction medium turned turbid after 10–15  min 
and the reaction was allowed to proceed for 3 h at 50–55 °C. 
In order to remove the un-reacted monomer and impurities, 
the reaction solution was dialyzed by using dialysis mem-
brane (LA 401-HiMedia) and distilled water for 7 days at 
room temperature. Further the solution was lyophilized at 
−99 °C with 0.01 mbar pressure, Ningbo Scientz Biotech-
nology Co., Ltd. [China (Mainland)]. Total monomer con-
version (X%) was calculated by gravimetric analysis using 
the following equation.

where,  WDry is the weight of product after lyophilization, 
 WCS,  WAPS,  WNIPAAm and  WMBA  are the weights of CS, 
APS, NIPAAm monomer and BIS in the feed, respectively.

Characterization of Chitosan-g-PNIPAAm

Structure of CS-g-PNIPAAm Co-Polymer

Chemical structure of co-polymer was determined by using 
Fourier-transform infrared (FTIR) and 1H NMR spectros-
copy. FTIR spectra (Shimadzu) were obtained by using dif-
fused cell technique. The samples were mixed with KBr, 

X% =
(WDry−WCS−WAPS)

(WNIPAAm + WMBA)
× 100

ground to fine powder and then pressed to pellets. The 
spectra were recorded over the wavelength region from 
4000 to 400  cm−1 at ambient temperature. For 1H NMR, 
the co-polymer was dissolved in DMSO  (d6), filtered to 
obtain the clear liquid and spectra were recorded by using 
Bruker spectra spin (400 MHz) at 25 °C.

Morphology of CS-g-PNIPAAm

To study the interior morphology, the sample was fractured 
carefully followed by sputter-coating with a thin layer of 
palladium gold alloy and observed using a scanning elec-
tron microscope (JEOL JSM5610LV, Tokyo, Japan).

Determination of Particle Size and Zeta Potential

The co-polymeric nanoparticles were prepared in 0.01  N 
 NaCl(aq) and the dispersion was sonicated in ice bath 
using a prob-type sonicator for 2  min. Further, the  parti-
cle size was measured by DLS using particle size analyzer 
(Nanotrac R- 150 ULTRA, Microtrac Inc.). The polydis-
persity index (PDI) was calculated to check the particle 
size distribution. The mean diameter (±SD) was obtained 
from 6 determinations. The zeta potential was determined 
by Malvern Zetasizer. All measurements were recorded in 
triplicates and average was taken.

Determination of Lower Critical Solution Temperature 
(LCST)

The LCST was determined by using DSC-60 Differen-
tial Scanning Calorimeter (Make - Shimadzu). Samples 
were immersed in distilled water at room temperature and 
allowed to swell for 24  h. The thermal analysis was per-
formed at 25 to 60 °C under dry nitrogen atmosphere with a 
flow rate of 30 mL/min and heating rate of 2 °C/min. Tem-
perature at the onset point of DSC thermograms was con-
sidered as the LCST of synthesized compound.

Crystallinity Study

The crystalline state of materials was determined by using 
X-ray diffractometer (Philips-PW-3710, Holland). Analysis 
was performed on pure CS and CS-g-PNIPAAm to investi-
gate the modifications after polymerization.

Thermogravimetric Analysis

The thermal stability and decomposition of synthesized 
co-polymers were investigated by NETZSCH STA 409 
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PG/PC. Decomposition profiles of pure CS, PNIPAAm 
and CS-g-PNIPAAm were analyzed with a heating rate of 
10 °C/min under dry nitrogen atmosphere with a flow rate 
of 30 mL/min between 25 and 700 °C.

Cytotoxicity Study

Cell Culture

Human fibroblast cell lines (NCCS Pune) were maintained 
in 96 wells micro titer plate containing MEM supplemented 
with 10% heat inactivated fetal calf serum (FCS), containing 
5% of mixture of gentamycin (10 μg), penicillin (100 Units/
mL) and streptomycin (100 µg/mL) in presence of 5%  CO2 at 
37 °C for 48 h.

Procedure

In vitro cytotoxicity for CS-g-PNIPAAm nanoparticles 
of all formulations were measured using human fibroblast 
(NIH) cell lines. The cells were plated at a density of 3 × 103 
cells/well in 96-well tissue culture dishes cultured for 48 h 
and then exposed to nanoparticles over range of concentra-
tions (10, 20, 25, 30 & 50 μg/mL) at 37 °C and 7.4 pH for 
another 48 h. Cells in media alone devoid of nanoparticles 
acted as control. The cells were washed three times with 
MEM medium and 200 μL of MEM medium without serum 
was then added. Cytotoxicity was assessed using MTT to 
measure the viability of the cells. 50 μL of MTT solution 
(5 mg/mL) was added to each well. The plates were incu-
bated for additional 4 h, then the supernatant was carefully 
aspirated and the precipitated crystals of “Formazan blue” 
were solubilised by adding DMSO (150  µL) and optical 
density was measured at wavelength of 570  nm by using 
LISA plus. Triplicate samples were analyzed for cytotoxic-
ity study.

Stability Study

The freeze dried CS-g-PNIPAAm nanoparticles were sealed 
and stored in a 4 °C refrigerator and in desiccator at room 
temperature for 3 months. The appearance, morphology and 
particle size of nanoparticles were used to test the stability of 
nanoparticles.

Statistics

Statistical analysis of the data as described in the experi-
mental sections was performed by one-way analysis of vari-
ance (ANOVA) using GraphPad Prism 5.0 software; a value 
of P < 0.05 were regarded to be statistically significant in all 
cases.

Result and Discussion

Synthesis and Structure Analysis of CS-g-PNIPAAm 
Co-polymer

The simple and rapid method is used for the synthesis of 
CS-g-PNIPAAm co-polymer. Co-polymers were syn-
thesized from the monomers of NIPAAm and CS by sur-
factant free dispersion copolymerization method using 
MBA as a cross linking agent and APS as a radical initia-
tor. After dialysis and lyophilization, the product contain-
ing a homopolymer PNIPAAm and CS-g-PNIPAAm was 
obtained  (W1). The homopolymer PNIPAAm was removed 
by the methanol extraction at 20 °C for 48 h to get the CS-
g-PNIPAAm which was then lyophilized and weighed 
 (W2).

The percent grafting ratio (% GR) and percent grafting 
efficiency (% GE) were calculated by the gravimetric analy-
sis using the following equations.

The schematic presentation of synthetic route followed 
and the composition of CS-g-PNIPAAm co-polymers 
are as shown in Fig. 1 and Table 1, respectively. The ace-
tic acid ionizes the -NH2 groups of CS to form the –NH3

+ 
groups and thus CS gets dissolved in the acetic acid solu-
tion. At the initial stage of reaction, all the components 
were soluble in the reaction medium thus the reaction 
medium was homogenous but after few minutes of initial 
temperature increase it became heterogeneous and turned 
to milky white dispersion. The reaction is conducted at 
elevated temperature (50–55 °C) which is required for the 
decomposition of ammonium persulphate (APS) to produce 
sulfate anion radicals which remove hydrogen from –OH 
or –NH2 groups of chitosan backbones. This redox system 
(persulfate-saccharide) results in active centers capable to 
radically initiate the graft copolymerization of NIPAAm 
onto CS with crosslinking agent MBA [10, 24]. At the 
same time, homopolymerization of NIPAAm monomer is 
also initiated by APS. Therefore, after polymerization a 
solution containing CS-g-PNIPAAm complex particles, 
PNIPAAm homopolymer particles and CS molecules after 
ionization of -NH2 groups of CS was obtained. The grow-
ing homopolymer PNIPAAm and CS-g-PNIPAAm parti-
cles would be expected to precipitate at temperature above 
LCST of these particles but the precipitation was avoided 
due to electrostatic stabilization of these particles by the 
negatively charged sulphate groups introduced by the APS 
initiator. As the reaction proceeds, the positively charged 

% GR =
W2 −WCS

WCS

× 100

% GE =
W2 −WCS

W1 −WCS

× 100
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CS molecules have been attached gradually on to the sur-
face of negatively charged PNIPAAM and CS-g-PNIPAAm 
particles, behave as a surfactant, protect the polymer parti-
cles and prevent them from aggregation, thereby forming 
small particles [25–27] .

Confirmation of the synthesized CS-g-PNIPAAm co-
polymer was done by using the IR spectra of chitosan (a), 
NIPAAm (b) and co-polymer (c) as shown in Fig.  2. For 
chitosan, peaks of the OH stretch appears in the region 
3543 to 3689  cm−1. CH stretching of heterocyclic ring 
appears at 2980  cm−1. Spectrum of pure NIPAAm shows 
the characteristic absorption peaks at 1643 cm−1 for amide, 

CH stretching peaks appears at 2970, 2933 and 2875 cm−1 
and CH stretching of terminal methyl groups, doublet 
peaks are observed at 1415 and 1454  cm−1. For CS-g-
PNIPAAm, the broad peak observed was due to the over-
lap of several OH and NH groups present in the structure. 
The several peaks observed in pure chitosan in the region 
3543 to 3689 cm−1 are reduced in the IR spectrum of syn-
thesized copolymer, which indicates the initiation of link-
age between chitosan and NIPAAm at OH and NH groups 
of CS. The characteristic absorption peak of amide (C=O 
stretching) at 1643 cm−1 and NH bending of primary amine 
 (NH2) with a slight shoulder due to the second amide 
group of MBA-a cross linking agent and C–N stretching at 
1246  cm−1 appears. This confirms the grafting at  C3–OH 
and / or  C6–OH as well as  NH2 of chitosan backbone which 
is shown in Fig.  1 as CS-g-PNIPAAm-A and CS-g-PNI-
PAAm-B respectively. Further the graft polymerization of 
CS and NIPAAm using MBA was confirmed by 1H NMR 
spectroscopy. The spectrum of CS exhibits characteris-
tic peaks of protons on carbon atoms at δ 3.15–3.71 ppm, 
whereas partially acetylated methyl proton peaks appear at 
δ 1.64 ppm and proton on anomeric carbon at δ 4.44 ppm 
(Fig.  3a). In the spectrum of PNIPAAm-g-CS copolymer 
(Fig. 3b), signals pertaining to CS were a weak peak at δ 
1.98 ppm, the peaks of protons on the carbon of CS at δ 
3.10–4.37 ppm and the proton peak of carbon having amine 
(partially acetamido) groups at δ 2.49 ppm [28]. A strong 

Fig. 1  The synthetic route for 
CS-g-PNIPAAm co-polymer

Table 1  Composition of CS-g-PNIPAAm co-polymers

Co-polymers Chitosan 
(mg)

NIPAAm 
(mg)

MBA (mg) APS (mg)

CP-1 200 1000 30 100
CP-2 250 1000 30 100
CP-3 300 1000 30 100
CP-4 350 1000 30 100
CP-5 400 1000 30 100
CP-6 200 1000 20 100
CP-7 200 1000 40 100
CP-8 200 1000 50 100
CP-9 200 1000 60 100
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methyl group peak at δ 1.23  ppm and two typical peaks 
(–CH–CH2) at δ 1.23–2.20  ppm proved the existence of 
PNIPAAm. The peaks of vinyl protons (δ 5.60–6.20 ppm) 
disappeared after polymerization of NIPAAm [29]. From 
these observations it was confirmed that graft polymeriza-
tion was successful.

Morphology of CS-g-PNIPAAm Co-polymer

The interior micrograph of CS-g-PNIPAAm is depicted 
in Fig. 4 wherein porous inner structures were observed. 
Chitosan content in the co-polymer leads to increase in 
the pore sizes. This indicates the addition of chitosan 
creates more pore channels in the formulation, which 
is essential for the penetration of water into polymeric 
networks.

Fig. 2  FTIR spectrum of CS 
(a), NIPAAm (b) and CS-g-
PNIPAAm Co-polymer (c)

Fig. 3  1H NMR spectra of CS (a) and CS-g-PNIPAAm copolymer 
(b)

Fig. 4  SEM image of interior morphology of CS-g-PNIPAAm
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The Effect of CS Concentration on the Properties 
of CS-g-PNIPAAm Co-polymer

The % monomer conversion, % GR, % GE, LCST, particle 
size, PDI and zeta potential of CS-g-PNIPAAm with dif-
ferent CS/NIPAAm ratios are given in Table  2. The total 
monomer conversion was in the range of 65 to 69%. It 
can be seen that, as the concentration of CS increases, % 
GR and % GE also increased to certain extent. Chitosan 
itself acts as a surfactant and prevents the coagulation of 
particles which increases the particle concentration in 
the polymerization system thereby increasing the rate of 
polymerization [30]. As CS concentration increases, the 
particle size decreased and zeta potential increased from 
267 to145  nm and 20 to 30  mV, respectively. Surfactant 
behaviour of CS leads to increase in number of particles 
in the reaction system and decrease in particle diameter. 
The ionization degree of CS was responsible for changes in 
the particle size and zeta potential of nanoparticles. CS-g-
PNIPAAm bears a positive surface charge due to positively 
charged amino groups of CS (due to protonation) in acidic 
environment. The increase in CS content increases the 
degree of ionization of CS chains and the surface charge 
density of CS-g-PNIPAAm nanoparticles (in acidic condi-
tions), resulting in an increase of zeta potential and thereby 
increases stability of nanoparticles.

The DSC thermograms of PNIPAAm and all the co-pol-
ymers are shown in Fig. 5. In the DSC endotherm, the tem-
perature at the onset point is referred to LCST of co-poly-
mer. From the DSC thermograms (CP-1 to CP-5) it can be 
concluded that as CS concentration in co-polymer increases 
the LCST of co-polymers also increases. When PNIPAAm 
is grafted on CS, the LCST value was found to be depend-
ent on the CS/PNIPAAm weight ratio and pH value of the 
medium. Below LCST, chitosan main chains and PNI-
PAAm side chains have good hydrophilicity therefore the 
co-polymer is water soluble and takes coil conformation. 
At LCST, the water in the co-polymer will be removed 
from network, which leads to a smaller heat capacity [31] 
as shown in Fig.  5 and CS being a hydrophilic comono-
mer enhances the hydrophilic nature of CS-g-PNIPAAm 
co-polymer (by introducing more hydrophilic groups to 
co-polymer) that reduces the hydrophobic interactions 

(polymer–polymer interactions) resulting in aggregation 
of CS-g-PNIPAAm co-polymer from coil to globule. Thus, 
as compared to PNIPAAm the hydrophilic interactions 
(polymer-water interactions) are higher in CS-g-PNIPAAm 
co-polymers which shift the LCST to higher temperature. 

Table 2  Effect of CS 
concentration on properties of 
CS-g-PNIPAAm co-polymer

Co-polymer X (%) % GR % GE LCST (°C) Particle Size 
(nm) at 25 °C

PDI Zeta Potential 
at pH 6 (mV)

CP-1 67 240.0 62.90 31.34 267 ± 17 0.153 20 ± 2.5
CP-2 65 242.0 64.98 34.61 242 ± 24 0.129 22 ± 1.8
CP-3 68 244.0 69.58 37.50 206 ± 16 0.062 25 ± 3.1
CP-4 66 250.0 72.53 40.51 160 ± 18 0.299 27 ± 2.2
CP-5 69 253.7 75.52 42.61 145 ± 14 0.188 30 ± 2.4

Fig. 5  DSC thermograms of synthesized CS-g-PNIPAAm copoly-
mers and PNIPAAm homopolymer
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Besides, highly ionized CS groups, the electrostatic force 
also support to balance the hydrophobic interaction leading 
to shift of LCST to higher temperature (Fig. 6).

Effect of pH of Medium on Properties CS-g-PNIPAAm 
Co-polymer

To study the effect of pH of medium on properties of CS-
g-PNIPAAm nanoparticles, the particle size, zeta potential 
and LCST of CS-g-PNIPAAm nanoparticles were inves-
tigated, by immersing CP-4 co-polymeric nanoparticles 
in different buffers for 24  h. The DSC thermograms of 
CP-4 co-polymeric nanoparticles in different pH buffers 
are shown in Fig. 6 and the effect of pH on the properties 
of CS-g-PNIPAAm (CP-4) co-polymeric nanoparticle in 
Fig. 7. At low acidic pH, the extent of protonation of amino 
groups of CS was high which enhances the inter-molecular 
repulsion leading to increase in particle size and zeta poten-
tial. With increasing pH, amino groups of CS are partly 
protonated as  NH3

+ which reduces inter-molecular repul-
sion leading to decrease in particle size and zeta potential 
[19, 32]. The increase in pH leads to increase in hydro-
philic character of the protonated amino groups and thus 
increases the LCST as well as incorporation of hydrophilic 
block prevents chain aggregation and makes the co-poly-
mer more water soluble [33].

The Effect of MBA Concentration on the Properties 
of CS-g-PNIPAAm Co-polymer

The % monomer conversion, % GR, % GE, LCST, parti-
cle size, PDI and zeta potential of CS-g-PNIPAAm with 
varying MBA concentrations are given in Table  3. It can 
be observed from the results that as MBA concentration 
increased (from 20 to 60 mg), percentages of GR and GE 
increased. This could be attributed to the increased con-
centration of MBA, which increases the number of nuclei 
generated in the reaction system thus more monomer par-
ticipate in polymerization and the polymerization rate 
could be enhanced resulting an increased monomer conver-
sion. The higher the crosslinker concentration, the size of 
co-polymer particles was smaller resulting in an increase 
in the surface charge density. Concentration of crosslink-
ing agent also affects the LCST of co-polymer. The DSC 
thermograms (CP-1 and CP-6 to CP-9) are shown in Fig. 5. 
Increased MBA concentration prevents shrinking of parti-
cles and results in compact co-polymer. This may be due to 
increased electrostatic repulsion forces between particles, 
which leads to shift in LCST to higher temperature. The 
particle size distribution was narrow, as all the formula-
tions has PDI less than 1, which indicates that the particles 
are homogeneously dispersed.

XRD and Thermogravimetric Analysis

The XRD spectrum of CS shows low crystallinity with 
two characteristic peaks at 2θ = 10.73° and 20.94°. CS-
g-PNIPAAm shows only one broad peak at 2θ = 21.3 
(Fig.  8), which indicates the crystalline and amorphous 
nature of CS and CS-g-PNIPAAm respectively. The 
enhanced amorphous nature to the CS-g-PNIPAAm is 
required for a better therapeutic efficacy of drug, when 
the co-polymer is used as a carrier for drug delivery. 

Fig. 6  The DSC thermograms of CP-4 co-polymeric nanoparticles in 
different pH buffers

Fig. 7  Effect of pH on the properties of CS-g-PNIPAAm (CP-4) co-
polymeric nanoparticle
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TGA thermograms of CS, pure PNIPAAm and co- poly-
mer CS-g-PNIPAAm were depicted in Fig. 9. The initial 
degradation temperature of CS was near to 280 °C. The 
maximum degradation rate temperatures  (Tmax) of CS and 
pure PNIPAAm were 320 and 412 °C, respectively. How-
ever, CS-g-PNIPAAm co-polymer exhibits first and sec-
ond stage degradation behavior, which were because of 
degradation of CS and grafted PNIPAAm chains respec-
tively. Exhibition of two stage degradation behavior of 

CS-g-PNIPAAm and X-ray diffraction study of co-poly-
mer again confirmed the graft copolymerization.

Cytotoxicity Study

MTT assay was done for 5 different concentrations for all 
compounds. Figure 10 shows the results of MTT assay for 
CS-g-PNIPAAm nanoparticles (CP-4) on NIH cell lines 
at pH 7.4 at 37 °C temperature. It was found that there is 
no significant cytotoxicity at any concentrations of CS-g-
PNIPAAm nanoparticles. Cell viability of about 85% was 
obtained at 50 μg/mL which indicates the biocompatibility 
of nanoparticles. Similar results were found for CS-g-PNI-
PAAm for all co-polymer formulations.

Stability Study

There was no change in the appearance and morphol-
ogy of nanoparticles and no significant difference in par-
ticle size was observed after 3  months of stability study. 
These results indicate that the nanoparticles are stable with 
respect to particle size and morphology in both storage 
conditions.

Table 3  Effect of concentration 
of crosslinking agent (MBA) on 
properties of CS-g-PNIPAAm 
co-polymer

Co-polymer X (%) % GR % GE LCST (oC) Particle Size 
(nm) at 25 °C

PDI Zeta Potential 
at pH 6 (mV)

CP-6 62 156.5 49.21 30.20 257 ± 24 0.134 16 ± 2.9
CP-1 65 240.0 62.90 31.34 212 ± 18 0.153 18 ± 2.4
CP-7 67 359.5 74.12 33.81 168 ± 27 0.187 19 ± 2.8
CP-8 69 407.0 79.18 35.32 145 ± 14 0.124 20 ± 2.5
CP-9 72 527.5 86.40 37.64 98 ± 14 0.186 23 ± 4.8

Fig. 8  XRD spectras of chitosan (a) and CS-g-PNIPAAm (b)

Fig. 9  TGA of chitosan, PNIPAAm and CS-g-PNIPAAm

Fig. 10  MTT assay for CS-g-PNIPAAm (CP4) nanoparticles on NIH 
cell lines
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Conclusion

Thermo and pH dual responsive CS-g-PNIPAAm co-
polymers were successfully prepared via surfactant free 
dispersion copolymerization method using MBA as a 
crosslinking agent. Synthesized co-polymer showed a 
proportionate increase in LCST with the CS concen-
tration. CS introduced more hydrophilic groups to the 
co-polymer, which reduced the hydrophobic interac-
tion; leading to shift in LCST. Surfactant action of CS 
and the higher concentration of polymer seed particles 
resulted in  an increase in zeta potential and decrease in 
particle size of co-polymer. Increase in the concentra-
tion of MBA- a crosslinking agent, during polymeriza-
tion increases the zeta potential and decreases the parti-
cle size by increasing total monomer conversion. Higher 
MBA content also shifts the LCST to higher temperature 
by increasing the electrostatic repulsion forces between 
the particles and thereby preventing the shrinking of par-
ticles. SEM observation confirmed that the nanoparticles 
exhibited porous inner structures. MTT assay for CS-g-
PNIPAAm nanoparticles on NIH cell lines indicated the 
biocompatibility of CS-g-PNIPAAm nanoparticles. The 
synthesized CS-g-PNIPPAm co-polymer, exhibited both 
‘thermo’ and ‘pH’ responsiveness. The results suggested 
that by controlling the concentration of CS and MBA 
during polymer synthesis, CS-g-PNIPPAm co-polymeric 
nanoparticles with desired LCST, particle size and zeta 
potential for specified applications can be developed, 
especially to be used as a carrier/nanovehicle with great 
potential for dual responsive (thermo and pH) drug deliv-
ery systems. Future publications in this series will deal 
with potential application of the co-polymer for a site 
specific smart drug delivery system.
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ABSTRACT
The present investigation aimed to evaluate the activity of the essential 
oil of Mentha arvensis L. on exogenously induced bronchoconstriction 
in experimental animals. The anti-asthmatic effect of M. arvensis 
essential oil (MAEO) was studied using histamine aerosol-induced 
bronchoconstriction in guinea pigs and ovalbumin (OVA) sensitised 
albino mice. Treatment with M. arvensis oil significantly (p < 0.001) 
increased the time of preconvulsive dyspnoea in histamine-induced 
guinea pigs. Oral treatment of MAEO significantly (p < 0.001) decreased 
absolute eosinophil count, serum level of IgE and the number of 
eosinophils, neutrophils in BALF. Histopathological examination 
of lungs showed that essential oil rescinded bronchial asthma. The 
present investigation provides evidence that MAEO relaxes bronchial 
smooth muscles and suppressed immunological response to OVA.

1. Introduction

Bronchial asthma, a common chronic inflammatory airway disease affects as many as 334 
million people of all ages worldwide. It is a substantial health care burden and affects quality 
of life, due to its physical, psychological and social effects (GAN 2014). Currently available 
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treatments for asthma such as beta-2 agonist, anticholinergics, methylxanthines, mast cell 
stabilizers, leukotriene antagonist, glucocorticoids, IgE antibody like omalizumab etc. on 
long term basis, are associated with several adverse effects like muscle tremors, restlessness, 
hyperglycaemia, tachycardia, flushing, convulsions, mood changes, adrenal crisis etc. 
(Katzung et al. 2009). Essential oils of plants have been traditionally used for respiratory tract 
infections, and are used nowadays for cold (Inouye et al. 2001).

In Ayurvedic medicine M. arvensis is advocated for the treatment of asthma, nasal catarrh, 
bronchitis, cough, liver and spleen disease (Kapoor 1990). Moreover, the essential oil con-
stituents viz., l-menthol, menthone and 1,8-cineole (chewing gum constituents) exhibited 
anti-allergic effects (Arakawa & Osawa 2000). Marked variation (30.0–93.7%) of menthol 
content and other chemical constituents in the essential oil of M. arvensis from different 
region has been reported (Pino et al. 1996; Alankar 2009; Joshi 2014a). The aim of present 
study was to evaluate the anti-asthmatic activity of commercially available essential oil of 
MAEO using in vivo models.

2. Results and discussion

2.1. Analysis of the essential oil

The identified compounds are listed in Table S1. The major constituent of the MAEO was 
menthol (72.6%). The other minor constituents were menthone (8.5%), limonene (3.3%) and 
menthyl acetate (2.4%).

2.2. Effect of MAEO on histamine-induced bronchoconstriction in guinea pigs

The MAEO significantly (p < 0.001) and dose dependently increased the latency of precon-
vulsive time (PCT) in histamine-challenged animals with the values of 37.77 ± 3.52% and 
63.00 ± 0.73% at the dose of 200 and 400 μl/kg, respectively. The increase of PCT at a dose 
of 400 μL/kg was comparable to that of dexamethasone (Table S2).

2.3. Effect of the MAEO on OVA-sensitised mice

2.3.1. Absolute eosinophil count in blood and serum IgE level in OVA-sensitised mice
MAEO treated group at the dose of 200 μl/kg body weight significantly (p < 0.001) decreased 
inflammatory cells in blood (Figure 1A). On the day 15, after final OVA sensitisation, signifi-
cantly increased serum level of IgE was observed in untreated mice. The treatment with 
MAEO significantly (p < 0.001) decreased the level of serum IgE at the dose of 200 μl/kg 
(Figure 1B).

2.3.2. Inflammatory cells from BALF
In animals, sensitised with OVA and treated with MAEO (200 μL/kg), the inflammatory cells 
were significantly (p < 0.001) decreased as compared to that of untreated group (Figure 1C, D).

2.4. Histopathological changes in lung tissues

Lung sections of mice exposed to OVA stained with haematoxylin and eosin showed signif-
icant inflammatory changes in peribronchial and perivascular areas, increased bronchial 
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Figure 1. effect of Maeo on: (a) blood eosinophils count in mice; (B) serum Ige in mice; (c) BalF eosinophils 
in mice; (d) BalF neutrophils in mice. Values are expressed as mean ± standard error of the mean, where 
n = 6 in each group, *p < 0.001 compared with ovalbumin treated group.

Figure 2. Microphotography of mice lung section stained with haematoxylin-eosin (40×). Normal control 
(a); ovalbumin treated (B); dexamethasone treated(c); Maeo (200 µl/kg) treated (d).
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muscles thickening and epithelial hyperplasia (Figure 2B). The histological changes induced 
by OVA were markedly suppressed by treatment with MAEO (200 μL/kg) (Figure 2D) and was 
almost comparable to normal (Figure 2A) as well as dexamethasone (Figure 2C) treated 
groups.

Asthma is an allergic respiratory disease commonly characterised by increased airway 
reactivity to different spasmogens. Bronchial asthma is triggered by the release of inflam-
matory mediators like histamine, acetylcholine, leukotrienes, prostaglandins, or specific 
exposure to allergens, leading to acute bronchoconstriction (Nelson 2003). Bronchodilator 
effect of MAEO was evident by significantly increased latency for PCT in guinea pigs. 
Eosinophil suppressant effect of MAEO suggests its anti-allergic activity and its efficacy in 
ameliorating allergen-induced asthma. IgE is invariably associated with the pathogenesis 
of asthma and its inhibition by MAEO indicates its efficacy in asthma and other allergic 
condition (Platts-Mills 2001). Moreover, eosinophil granule derived basic proteins have been 
implicated with asthma (Bloemen et al. 2007). Suppression of neutrophils in BALF and inflam-
matory changes in lung tissue indicate anti-inflammatory activity of MAEO. Thus, anti-allergic, 
anti-inflammatory, immunosuppressant and bronchodilator activity of MAEO together 
appear to contribute for its efficacy in bronchial asthma. The major compounds of MAEO 
were menthol, menthone and 1,8-cineole, but which of its constituents is/are responsible 
for anti-allergic activity need to be explored.

In conclusion, the essential oil used in the present study contains more than 70% menthol 
and oxygenated monoterpenes along with other chemicals. It is difficult to predict the con-
tribution of chemicals other than menthol for the observed anti-asthmatic effect of MAEO. 
The present investigation provides evidence that MAEO relaxes bronchial smooth muscles 
and suppresses immunological response to OVA. The traditional use of MAEO for bronchial 
asthma could be attributed to its bronchodilator and immunosuppressant properties as 
observed in present study.
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abstract

The present study evaluates Feronia elephantum alcoholic fruit extract (FEAFE) against isoproterenol 
induced myocardial infarction(mI), since, no studies have been reported to ascertain its cardio protective 
activity. Rats (n=6) were divided into five groups, namely, Group I: Normal control, Group II: ISO  
(200mg/kg s.c). Group III, IV, & V: FE (400 mg/ kg orally) and Vit E (50 IU /kg orally) respectively, 
administered for 21 day, by end of treatment isoproterenol was administered for two days except Group 
III.  EcG was recorded after 21 days. Blood samples and histopathological studies of isolated heart were  
performed by biochemical estimations, respectively. Isoproterenol induced rats show increased ST segment,  
QRS complex and QT interval, besides significant increase in cK-mB, LDh, AST, ALT and Troponin-I 
levels. Further, they showed significant increased mDA level, decreased SOD, GSh, total protein level. 
Pre-treatment with FEAFE significantly restored above parameters, supported by histopathological data. 
Pretreatment with FEAFE modulates isoproterenol induced mI by antioxidant pathway in rats.

Keywords: Feronia elephantum, isoproterenol, 
myocardial infarction, EcG.

IntroductIon
cardiovascular diseases (cVDs) are the major health 

problem of developed as well as developing countries in 
the world1. myocardial infarction (mI), commonly known 
as heart attack, is a disease that occurs when the blood 
supply to a part of the heart is interrupted, causing death 
of heart tissue. Oxidative stress resulting from increased 
production of free radicals plays a major role in cVD 
such as myocardial infarction, ischemic heart disease, 
atherosclerosis, congestive heart failure, cardiomyopathy 
and arrhythmias. Damage to the myocardial cells arises 
due to the generation of free radicals and reactive oxygen 
species (ROS)2.

Oxidative stress in myocardium causes infarct like 
necrosis of cardiac muscles, which can be induced by 
a well known ß-adrenergic agonist, isoproterenol3. The 
proposed mechanisms to explain the damage to cardiac 
myocytes induced by isoproterenol (ISO) include hypoxia 
due to myocardial hyperactivity, coronary hypotension, 
calcium overload, depletion of energy reserve and 
excessive production of free radicals resulting from 
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oxidative metabolism of catecholamine. Free radical 
mediated peroxidation of membrane phospholipids 
and consequent changes in membrane permeability 
are the primary reasons for cardiotoxicity induced by 
isoproterenol4.

There is an increasing recognition of herbs which can 
influence the course of heart diseases and its treatment by 
providing an integrated structure of nutritional substances 
which aid in restoring and maintaining the balanced body 
systems5. Traditional systems of medicine like Ayurveda, 
Unani and chinese system prescribe numerous herbal 
drugs for cardiovascular disorders; however, a number of 
herbal drugs are still to be evaluated pharmacologically. 
Therefore, it is rational to use natural resources for 
identifying, selecting inexpensive and safer approaches for 
the management of cardiovascular diseases along with the 
current therapy. Various plant extracts such as Withania 
somnifera, Ocimum sanctum and Mangiferin have  
been proven protective against isoproterenol induced mI 
by virtue of their antioxidant properties6-8.

Feronia elephantum (FE) (family Rutaceae), commonly 
known as wood apple9, is an indigenous plant of India; 
reported to possess multiple therapeutic properties 
like antiulcer10, antimicrobial11, hepatoprotective12, 
antidiabetic13    and antitumor14    activities. The fruits possess 
Vitamin c and flavonoids which may be responsible for 
its antioxidant activity15.

however, the effect of FE fruit on isoproterenol induced 
myocardial infarction has not been reported. hence taking 
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into consideration  the reported activities and the various 
active chemical constituents, it is proposed in the present 
study that FE fruit may have beneficial effect against 
isoproterenol induced myocardial infarction.

materIals and methods

preparations of Feronia elephantum alcoholic fruit 
extract (feafe)

A specimen sample of fresh fruits of FE was identified, 
authenticated and preserved in the herbarium section with 
the voucher No.RLSI/BOT/AUG-2 for future reference.

 The fruits of FE were dried under the shade and 
powdered. The powder was subjected to extraction 
in Soxhlet extractor and was defatted with petroleum 
ether (40-60), later extracted with methanol (40-60) and 
extraction was continued for 12 cycles until the solvent 
in the thimble was clear. The solvent was evaporated by 
using rotary evaporator and extract obtained was stored 
under refrigerating condition. The extract was suspended 
in 1% Tween - 80 and used for oral administration.

animals
healthy male Wistar rats (150-200 g) were used for 

this study and housed in standard laboratory condition at 
room temperature along with 12 h light/dark cycle. The 
animals were provided with standard pelleted diet and 
water ad libitum. After seven days of acclimatization period, 
they were randomly selected for different experimental 
groups. The study was reviewed and approved by the 
Institutional Animal Ethics committee for conducting this 
study (IAEc Reg. No.: 627/02/a/cPcSEA). Isoproterenol 
and Ellman’sreagent were purchased from Sigma-Aldrich 
whereas thiobarbituric acid and trichloroacetic acid were 
purchased from himedia Ltd.

acute oral toxicity test

The acute oral toxicity was carried out as per the 
guidelines set by OEcD Guidelines 423. Rats weighing 
150-200 gm (8-12 weeks) were used for toxicity study. FE 
fruit extract of 3000 µg/kg (p.o.) was selected as a initial 
dose and 3 animals used each at step. LD50of FEAFE 
was carried out and 400 mg/kg dose were selected as 
an effective dose. 

At the end of the treatment period i.e. on 21st day, 
for induction of myocardial infarction isoproterenol  
(200 mg/kg s.c) was dissolved in normal saline and 
administered in two consecutive doses at an interval of 
24 hours16.

experimental study design
Rats were divided into five groups having six  

members in each. The alcoholic extract of FE fruit was 
dissolved in distilled water with 1% Tween 80. Rats of all  
groups were orally treated except isoproterenol induced 
group. Group I  (normal control) received normal saline,  
Group II (Disease control) received normal saline and 
isoproterenol  (200 mg/kg) s.c. for last two consecutive days. 
Group III (Drug control) received alcoholic extract of FE fruit  
(400 mg/kg). Group IV (Drug treated) received alcoholic 
extract of FE fruit (400 mg/kg) and isoproterenol (200mg/
kg) s.c. for last two consecutive days. Group V- Standard 
treated: - received Vit.E (50 IU/kg) and isoproterenol  
(200 mg/kg) s.c. for last two consecutive days. At the end of 
treatment, 24 hours after second dose of isoproterenol the 
EcGs of rats were recorded and animals were sacrificed. 
Blood was collected and the serum was separated 
immediately by cold centrifugation (at 3000RPm for  
10 min) for biochemical estimation. The hearts were 
dissected out for enzyme estimation and histological 
examination.

The animals were anaesthetized using pentobarbital 
sodium 30-40 mg/kg i.p. The lead II EcGs of all  
animals were recorded using Biopac Student Lab PRO 
3.7 software (model No. mP35)

estimation of marker enzymes in serum
The serum was used for determination of myocardial 

infarction biomarker such as alanine transaminase (ALT) 
and aspartate transaminase (AST) by using commercially 
available diagnostic kit (ERBA Diagnostics, Germany), 
lactate dehydrogenase (LDh) and creatinine kinase-mB 
fraction (crest Biosystem, Goa, India) and troponin I 
(Biomed Industries India).

collection of heart tissue sample 
Animals were dissected, heart was isolated and 

washed immediately with ice-cold saline. Later, the 
homogenate was prepared in 0.1N tris hcl buffer 
(ph 7.4); later, the homogenate was centrifuged and 
supernatant was collected which was used for the assay 
of malondialdehyde (mDA), reduced glutathione(GSh), 
super oxide dismutase(SOD) and total protein.

estimation of malonaldehyde (mda)
mDA level was estimated by the method of  Ohkawa 

m et al 17.  Briefly 100 µL of sample was pipetted out 
into test tubes and 200 µL of 8.1 % SDS solution was 
added.  To this, 1.5 mL of 20 % acetic acid and 1.5 mL of  
0.8 % aqueous solution of TBA was added to each tube. 
Final volume was made up to 4mL with biological grade 
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water. The tubes were heated at 95 - 100oc in boiling 
water bath for one hour. Further, they were centrifuged 
at 4000 rpm for 10 min and supernatant was collected 
and optical density was read at 532 nm using UV-Visible 
spectrophotometer17.

estimation of glutathione reduced (Gsh)
GSh level was measured by the method of 

Ellaman GL18. GSh level was expressed in µmoles/mg 
of tissue. Briefly, to the 2.5 mL of reaction buffer and  
50 µL of Ellamn’s reagent, 250 µL of brain homogenate 
was added. mixed well and incubated, absorbance 
was read at 412 nm within 15 min using UV-visible 
spectrophotometer.

estimation of superoxide dismutase (sod)
SOD level was measured by the method of Anuradha 

N et al.19.  Briefly to the 5 µL of heart homogenate was 
added 2.9 mL of Tris buffer (0.05 m) and 0.1 mL of 
Pyrogallol. Later, the absorbance was measured at  
420 nm in UV-visible spectrophotometer.

estimation of total protein
Total protein was estimated by the method of Lowry Oh 

et al.20. Different dilutions of BSA solutions are prepared by 
mixing stock BSA solution (1 mg/ mL) and water in the test 
tube. The final volume in each of the test tubes is 5 mL. The 
BSA range is 0.05 to 1 mg/ mL. From these different dilutions, 
0.2 mL protein solution was pipette out to different test tubes 
and 2  mL of alkaline copper sulphate reagent was added 
and mixed well; later incubated at room temperature for 10 
min. Further, 0.2 mL of reagent Folin ciocalteau solution 
was added to each tube and incubated for 30 min. By using 
colorimeter, the optical density was measured at 740 nm. 
Absorbance was plotted against protein concentration to 
get a standard calibration curve. concentration of sample 
was determined by using standard curve.

histopathological  studies
A portion of the heart was fixed in formalin (10%) 

and subjected to histopathology studies. The section 
of the heart was processed and embedded in paraffin 
wax. Sections of about 4-6 µm were made and stained 
with hematoxylin and eosin and observed under 10X 
magnification.

statistical analysis
Values were expressed as mean ± SEm. The data 

were analyzed by one-way ANOVA followed by Dunnet’s 
multiple comparison Test. P<0.05 was considered 
significant.

results
Acute toxicity studies showed no mortality at a dose 

of 2000 mg/kg, during period of 14 days. This helps to 
predict that it does not contain any type of toxicity and 
it is safe.

effect of feafe  on isoproterenol induced changes 
in the ecG parameters.

The administration of ISO causes ST segment 
elevation and significant (P<.001) increase in time for QRS 
complex and QT interval. Pretreatment with FE fruit extract 
significantly (P<0.05) reduced the time of QRS complex 
and QT interval when compared with ISO treated group. 
Similar results were shown by pretreatment with vitamin 
E. The EcG data of the experimental animals, including 
the QRS peak, QT interval are presented in Table I.

table I: effect of Feronia elephantum fruit extract 
on isoproterenol induced changes in the ecG 

parameters.

Group Qrs  
(time in sec.)

Qt Interval  
(time in sec.)

Normal 
control

0.04167±0.0010 0.05167±0.0010 

ISO treated 0.05417±0.00083 a* 0.0650±0.0012 a*

FE 0.0425±0.0011 0.0525±0.0011

FE + ISO 0.0475±0.0021b^ 0.05917±0.0015b^

Vitamin E + 
ISO

0.0450±0.0018 b* 0.05417±0.0015 b*

All values are expresses as mean±SEM for six animals in each. 
a comparison made with Group I. b comparison made with Group 
II. * statistically significant at P< 0.001***. # statistically significant 
at P<0.01 **. ^ statistically significant at P<0.05*.

effect of fefe on serum markers in isoproterenol 
induced myocardial infarction.

The ISO induced group rats showed significant elevation 
in serum biomarkers such as AST, ALT, LDh and cK-mB 
as compared to control group. FE fruit extract pretreatment 
followed by ISO significantly (P<0.001) reduced the levels of 
these biomarker when compared to isoproterenol induced 
mI in rats. Vitamin E pretreatment followed by ISO showed 
significant decrease in levels of serum biomarkers as 
compared to ISO treated group. (Table II)

effect of fefe on troponin I in isoproterenol 
induced myocardial infarction.

The ISO induced mI group showed the presence of 
Troponin I in serum as compared to normal group. The 
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pre-treatment of FEAFE and Vit. E treated group showed 
the absence of Troponin I in serum as compared to ISO 
induced group. (Table II)

effect of fefe on mda, Gsh, sod and total protein 
in isoproterenol induced myocardial infarction.

 The ISO treated group showed significant increase 
in mDA level and decreased GSh, SOD and total protein 
levels as compared to normal group. Pre-treatment of 
FEFE and VitE followed by ISO treated in both the groups 
showed significant decrease in mDA level and increased 
level of GSh, SOD and total protein as compared to ISO 
induced mI group (Table III).

histopathological study
The cardiac sections of the ISO control group revealed 

degenerative changes in the muscle fiber, showing a 
coagulative necrosis characterized by more homogenous 
eosinophilic cytoplasm. The nuclei of myofibril revealed 
pyknotic nucleus. Interstitial edema was present in the 
connective tissue spaces. Pretreatment with FEAFE 
showed a protective effect with normal myofibrillar 
structures with striations. Similarly pretreatment with 
vitamin E showed protective effect. (Fig. 1)

dIscussIon                   
myocardial ischemic injury, damage of cardiomyo-

cytes, is due to inadequate coronary blood supply and 

table II: effect of Feronia elephantum fruit extract on serum markers in isoproterenol induced  
myocardial infarction.

Groups
serum marker (mean ± sem) serum 

troponin-Ialt ast ldh cKmb
Group I (normal) 94.67±5.823 353.5±9.49 2378±8.224 1044±12.63 Absent 

Group II (iso) 153.3±5.79 a* 475.8±8.45 a* 3367±15.77 a* 1405±11.05 a* Present

Group III (FE) 93.33±4.31 354.3±5.69 2389±11.98 1060±12.63 Absent 

Group IV (iso + FE) 110.0±4.00 b* 376.0±6.43 b* 2633±18.67 b* 1141±12.42 b* Absent 

Group V (iso + vit. E) 102.0±6.31 b* 363.3±5.25 b* 2456±19.34 b* 1092±11.36 b* Absent 

All values are expressed as mean ± SEM for six animals in each group.
 a comparison made with Group I  b comparison made with Group II

* Statistically significant at P<0.001 *** # Statistically significant at P<0.01 **

‡ Statistically significant at P<0.05 * Values are expressed as follows: Serum AST, ALT, LDH and CKMB - U/L

table III: effect of Feronia elephantum fruit extract on mda, Gsh, sod and total protein in isoproterenol 
induced myocardial infarction.

Groups
tissue  parameters (mean ± sem)

mda (µg/g wet tissue) Gsh (µg/g wet tissue) sod (u/ml) total protein  
(mg/g wet tissue)

Group I (normal) 25.52±0.3219 973.7±3.65 84.83±3.36 113.3±4.51

Group II (iso) 35.67±0.3748a* 551.0±5.11 a* 48.33±2.44 a* 86.83±4.20 a*

Group III (FE) 26.00±0.3983 981.8±2.98 86.67±3.19 115.3±4.71

Group IV (iso+FE) 30.88±0.3728b* 893.7±4.25 b* 71.83±4.70 b* 102.3±3.79 b‡

Group V (iso+vit.E) 28.10±0.2966b* 939.7±3.62 b* 78.00±4.95 b* 108.2±2.915 b#

All values are expressed as mean ± SEM for six animals in each group.
a comparison made with Group I b comparison made with Group II
* Statistically significant at P<0.001 # Statistically significant at P<0.01

‡ Statistically significant at P<0.05 
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fig. 1: effect of Feronia elephantum fruit extract on isoproterenol induced 
changes in the histopathology of rat heart.

demand, which is characteristic feature of mI21. Iso-
proterenol, a sympathomimetic β-adrenergic agonist, 
causes severe stress results in infarct called necrosis 
of cardiac smooth muscles. high doses of ISO leads 
to cardio toxic effects acts by mechanisms such as 
functional hypoxia, ischemia, coronary insufficiency, 
metabolic anomalies, deprivation of high energy phos-
phate store, accumulation of intracellular ca+2, changes 
in electrolyte content as well as oxidative stress22. In 
the animal experiment model, ISO induced abnormal 
changes in EcG, alterations represents damage to 
integrity of myocardial cells and function of heart by 
elevation of ST segment, prolongation of QT segment 
and attenuation of PR, QRS and RR segments23.  
hence, in this study ISO was used as standard model 
to evaluate cardiac dysfunction.

In the present study, administration of isoproterenol 
(200 mg/kg s.c.) in male Wistar rats showed significant 
increase in mDA levels, which indicates generation of 
cytotoxic free radicals and rise in lipid peroxidation. 

Significant decrease in level of endogenous 
antioxidant viz, SOD, GSh as compared to 
normal saline treated group is observed. 
The isoproterenol induced myocardial 
damage rats showed a marked increased 
in level of serum biomarkers such as 
ALT, AST, LDh, cK-mB and Troponin-I. 
Further electrocardiographic changes and 
ultra structural changes in isoproterenol 
treated rat confirmed the injured state of 
the myocardium. 

Pretreatment with methanolic extract 
of FE fruit at a dose of 400 mg/kg in 
isoproterenol induced myocardium 
damage animals restores the ultra 
structural and electrocardiographic 
changes in rats. Further,  the levels of 
serum biomarkers viz, mDA (marker of lipid 
peroxidation) were significantly decreased 
in treatment group whereas the levels of 
SOD, GSh(endogenous antioxidant) and 
total protein were significantly increased 
when compared to isoproterenol 
induced myocardial infracted rats  
(group II) indicating its antioxidant , anti-
lipid peroxidation and cardio protective 
potential activity .

Vitamin E standard antioxidant treated animal 
shows similar result as that of obtained from extract 
treated animals in isoproterenol induced myocardial 
damage.

The results obtained from the present study shows 
that therapeutic efficacy of extract may be due to its 
antioxidant, anti-lipid peroxidation and free radical 
scavenging property.  Effect of reactive oxygen species 
can be abolished by the antioxidant drugs. FE has been 
already reported to have hepatoprotective24 properties 
by virtue of its antioxidant constituents, so the present 
effect seems to be due to the presence of vitamin c and 
flavonoids as active principles.

In conclusion, the cardio protective effect of FE is 
probably due to its antioxidant, anti-lipid peroxidation and 
free radical scavenging activity. hence, FE modulates 
isoproterenol induced myocardial infarction by antioxidant 
pathway in rats. Further  investigation is needed to identify 
the lead molecules responsible for the observed cardio- 
protective activity.
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a  b  s  t  r  a  c  t

Background: To determine the phytochemical constituents, antioxidant, and anticancer activ-

ities of Leea indica leaf extracts on DU-145 and PC-3 human prostate cancer cell lines.

Methods: Leaf sample was subjected to Soxhlet extraction method with increasing polarity of

solvents, namely, chloroform, ethyl acetate, methanol, ethanol, and aqueous. Phytochemical

screening was done using different biochemical tests. Quantitative analysis for phenol was

determined by Folin–Ciocalteu reagent method. The antioxidant activity was tested using

2,2-diphenyl-1-picrylhydrazyl, ferric ion reducing power assay, and phosphomolybdenum

assay. In vitro anticancer activity on DU-145 and PC-3 human prostate cancer cell lines was

evaluated by (3-(4, 5-dimethyl thiazole-2yl)-2, 5-diphenyl tetrazolium bromide) MTT assay.

Results: Phytochemical screening confirmed the presence of phyto-constituents like alka-

loids, flavonoids, glycosides, phenols, lignins, saponins, sterols, tannins, anthraquinone,

and reducing sugar. Methanol and ethanol extracts exhibited higher phenolic con-

tent  as compare to aqueous extract. Antioxidant capacities were shown highest

in  methanol and ethanol extracts based on the test performed. The methanol

and  ethanol leaf extracts were found to be selectively cytotoxic in vitro to (DU-

145  and PC-3) prostate cancer cell lines with IC50 values 529.44 ± 42.07 �g/mL and

677.11 ± 37.01 �g/mL for DU-145 and 547.55 ± 33.52 �g/mL and 631.99 ± 50.24 �g/mL for PC-

3  respectively, while it had no cytotoxic effect on normal mice embryo fibroblast cells.
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Conclusion: The results indicate that Leea indica was a promising antioxidant and anticancer

agent for DU-145 and PC-3 human prostate cancer cell lines. However, further studies are

needed to conclude its therapeutic use.

© 2017 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access

article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1.  Introduction

Prostate cancer is the most common forms of malignancy in
men, particularly in developed countries where the majority
of cases are diagnosed in men  aged above 50 years.1 Present
treatments options available for prostate cancer includes
surgical treatment, hormone therapy, radiation therapy, and
chemotherapy; these treatments have shown improvement
in patients but generally ends up with adverse and toxic side
effects.2 There has also been a wide use of dietary supple-
ments such as vitamin E, selenium, soy products, lycopene,
and green tea catechin in the treatment of prostate cancer.3–5

Evidence from the World Health Organization, states that
about 65% of the population across the globe prefer to use
traditional and herbal medicines to treat disease.6 The use
of complementary alternative medicines has dramatically
increased in India along with USA, in the last 2 decades.7

Approximately 60% of anticancer agents are derived from
medicinal plants and other natural resources; however, there
are still a number of plants that have an anticancer poten-
tial but they have not yet been fully investigated.8 Thus, the
alternate solution for the harmful effects of synthetic drugs is
the use of complementary alternative medicines as very few
studies have been reported on the use of herbal medicine in
treatment of prostate cancer.9

Leea indica (Burm.f.) Merr (Leeaceae), is a large evergreen
shrub native to tropical India, Bangladesh, China, Bhutan, and
Malaysia.10 The leaves are claimed to have medicinal values
such as anticancer, antidiabetic, antidiarrheal, antidysenteric,
and antispasmodic based on folktale practices.11 However,
this plant has not been studied for anticancer activity on
prostate cancer and there are very few available studies on
antioxidant properties of this plant. Thus, we  have made
an attempt to use this herbal plant to check the efficacy
against prostate cancer cell lines. The present study was
aimed to evaluate preliminary phytochemical, in vitro antiox-
idant properties, and in vitro anticancer potential activities
against DU-145 and PC-3 human prostate cancer cell lines.

2.  Methods

2.1.  Collection  and  authentication  of  plant  part

L. indica plant was collected from Dandeli in Western Ghats
of North Karnataka region in April 2015. The plant was iden-
tified and authenticated by Dr K. Kotresha, Department of
Botany, Karnataka Science College, Dharwad, Karnataka. A
voucher specimen was deposited in the Department of Botany,
Karnataka Science College, Dharwad, Karnataka. Fresh plant

material was washed with water, air dried, and then blended
to a fine powder. The powder was stored in airtight containers
at 4 ◦C for further use.

2.2.  Preparation  of  plant  materials

About 100-g dried leaves were crudely powdered and sub-
jected to extraction by a Soxhlet extractor. The extraction was
done with different solvents in their increasing order of polar-
ity such as chloroform, ethyl acetate, methanol, ethanol, and
aqueous. Each time fresh plant material was taken and later
extracted with other solvents. All the extracts were concen-
trated by a rotary vacuum evaporator and the left-over solvent
was evaporated to dryness using a water bath.

2.3.  Phytochemical  analysis

The crude powder of L. indica was extracted using water
and different organic solvents to ensure obtaining polar
and nonpolar constituents. Qualitatively tested for differ-
ent phytochemical constituents namely alkaloids, flavonoids,
glycosides, phenols, lignins, saponins, sterols, tannins,
anthraquinones, and reducing sugar by following the standard
procedure of Deepti et al.12

2.4.  Estimation  of  total  phenolic  content

The total phenolic content of L. indica was determined using
the Folin–Ciocalteu reagent method of Wolfe et al,13 with slight
modification. A volume of 200 �L of extract is mixed with an
equal volume of Folin–Ciocalteu reagent and incubated for
10 minutes. Then, 1.25 mL  of aqueous sodium carbonate is
added and the reaction mixture is incubated for 90 minutes
at 37

◦
C after addition of 1-mL distilled water. The absorbance

of the blue color was read at 760 nm spectrophotometrically
using distilled water as a blank. Gallic acid is used as standard
and the total phenolic content was expressed as mg/g gallic
acid equivalent (GAE).

2.5.  Determination  of  antioxidant  activity  by  using
in vitro  methods

2.5.1.  Ferric  ion  reducing  antioxidant  power  assay
Ferric reducing/antioxidant power (FRAP) assay was used to
measure the total antioxidant power of the extracts. Antioxi-
dant activity assays were performed by the method described
by Benzie and Strain14 with a slight modification. Methanol,
ethanol, and aqueous extract of L. indica in different concen-
trations ranging from 100 �L to 500 �L were mixed with 2.5 mL
of 0.2 mM phosphate buffer (pH 7.4) and 2.5 mL  of potassium
ferricyanide [1% weight/volume (W/V)]. The resulting mixture
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is incubated at 50
◦
C for 20 minutes, followed by the addition

of 2.5 mL  of trichloroacetic acid (10% W/V) and centrifuged at
3000 rpm for 10 minutes. Then, 2.5 mL of distilled water was
added and later 0.5 mL of ferrous chloride (0.1% W/V). Finally,
the absorbance was measured at 700 nm.  Ascorbic acid was
used as positive reference standard.

2.5.2.  Phosphomolybdenum  assay
The total antioxidant activity was estimated by phospho-
molybdenum (PM) assay using the standard procedure of
Prieto et al.15 Methanol, ethanol, and aqueous extract of L.
indica in different concentration ranging from 100 �L to 500 �L
were added to each test tube individually containing 3 mL of
distilled water and 1 mL  of molybdate reagent solution. These
tubes were kept incubated at 95 ◦C for 90 minutes. After incu-
bation, they are kept at room temperature for 20–30 minutes
and the absorbance was measured at 695 nm.  Ascorbic acid
was used as the reference standard.

2.5.3.  2,  2-Diphenyl-1-picrylhydrazyl  radical  scavenging
ability assay
Free radical scavenging effect of L. indica leaf extract was
determined using the stable scavenger 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) with slight modifications of the method
described by Brand-Williams et al.16 Briefly, the concentra-
tions (100–500 �L) of extracts were prepared in ethanol. DPPH
solution (0.004%) was prepared in ethanol and 1 ml  of this solu-
tion was mixed with the same volume of methanol, ethanol,
and aqueous leaf extracts and standard ascorbic acid solu-
tion separately. The mixture was incubated for 30 minutes in
the dark at room temperature and the absorbance was mea-
sured at 517 nm.  The degree of DPPH purple decolorization to
DPPH yellow indicated the scavenging efficiency of the extract.
Lower absorbance of the reaction mixture indicated higher
free radical-scavenging activity.

The scavenging activity against DPPH was calculated using
the equation:

DPPH scavenging activity (%)=
Ac − At

Ac
× 100

where Ac is the absorbance of the control reaction (1 ml  of
ethanol with 1 ml  of DPPH solution), and At is the absorbance
of the test sample. The results were analyzed in triplicate. The
IC50 value is the concentration of sample required to inhibit
50% of the DPPH free radical.

2.6.  Culturing  of  cell  lines

The cell lines DU-145, PC-3, and MEF-L929 were procured
from the National Centre for Cell Science, Pune, India.
The cells were subcultured in Dulbecco modified eagle
medium supplemented with 10% fetal bovine serum, 1%
penicillin–streptomycin, 1% nonessential amino acids in tis-
sue culture flasks, and incubated in a CO2 incubator in a 5%
CO2 and 95% humidity atmosphere. After trypsinization, the
cell count was done and the cell viability was tested by trypan
blue using a hemocytometer. A known number of cells (2 × 103

cell/well in 100 �l of medium) were seeded into 96-well plates
respectively for carrying out a MTT  assay.

2.7.  Treatment  groups

DU-145, PC-3, and MEF-L929 cell lines were treated with L.
indica leaf methanol, ethanol, and aqueous extract (5 mg/mL).
Desired concentrations of test compounds were prepared
in di-methyl sulfoxide prior to the experiment. The reac-
tant mixtures were diluted with media and cells were
treated with different concentration ranges of the extract
(3.125–200 �g/mL) and incubated for 72 hours, respectively,
which was the optimal treatment time of the extracts in each
of the cell lines. The effect induced was also compared with
the standard drugs used, namely, paclitaxel for moderately
(DU-145) and highly metastatic (PC-3) prostate cancer cell
lines. The following treatment groups are set up of the study.
Negative control: cells alone. Positive control: cells + paclitaxel.
Test groups: cells + methanol extract; cells + ethanol extract;
and cells + aqueous extract. The same treatment group was
followed for mice embryo fibroblast (MEF-L929) normal cell
lines.

2.8.  MTT  cell  viability  assays

After 72 hours, the media of treated cells (100 �L), were
removed and the cell culture were incubated with 50 �L of
MTT  at 37 ◦C for 4 hours. After incubation, the formazan pro-
duced was then solubilized by the addition of 100 �L di-methyl
sulfoxide. The suspension was placed on a microvibrator for
5 minutes and then the absorbance was recorded at 540 nm
by an enzyme-linked immunosorbent assay reader and the
results were analyzed in triplicate and the percentage was
calculated.17

2.9.  Statistical  analysis

The results were expressed as mean ± standard deviation.
Descriptive statistics was used to analyze the mean, stan-
dard deviation, variation, and level of statistical significance
between groups. When p < 0.05 and p < 0.01, it was considered
statistically significant for analysis of percent inhibition of cell
growth.

3.  Results

3.1.  Total  yield  of  crude  extract

The total yield of crude extracts from L. indica leaves by using
the solvents, namely, chloroform, ethyl acetate, methanol,
ethanol, and aqueous were 12.8 g, 12.48 g, 17.12 g, 16.52 g, and
18.64 g (weight/weight), respectively, with reference to the air-
dried plant material.

3.2.  Phytochemical  analysis

Preliminary screening of L. indica extracts (chloroform, ethyl
acetate, methanol, ethanol, and aqueous) showed the pres-
ence of diversity of phytochemical constituents. The presence
of alkaloids was detected in methanol and aqueous extract,
flavonoids were present in methanol, ethanol, and aqueous
extracts, the presence of glycosides was shown in all five
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Table 1 – Preliminary phytochemical screening of Leea indica leaves extracts.

Constituent Test Chloroform Ethyl acetate Methanol Ethanol Aqueous

Alkaloids Iodine – – – – –
Wagner’s – – + – ++
Dragendroff’s – – + – ++

Flavonoids Pew’s – – + + +
Shinoda – – ++ + ++
NaOH – – – + –

Glycosides Keller-Killani + ++ ++ ++ +
Glycosides – + – – –
Conc. H2SO4 – ++ ++ ++ ++
Molisch ++ ++ ++ ++ ++

Phenols Ellagic acid – – ++ ++ ++
Phenol – – ++ ++ ++

Lignins Labat + ++ – – –
Saponins Foam test – – – + +
Sterols Salkowski’s + – + ++ –
Tannins Gelatine – – ++ + ++

Lead acetate – + ++ ++ ++
Anthraquinone Bomtrager’s test – – – ++ +
Phlobatannins – – + + ++
Reducing sugar – + ++ ++ ++
Volatile oil – – – – –

–, absent; +, moderately present; ++, high presence.

solvents, phenols were detected in methanol, ethanol, and
aqueous extracts, lignins were present in chloroform and ethyl
acetate extract, saponins were present in methanol and aque-
ous extracts, sterols in methanol and aqueous, tannins in ethyl
acetate, methanol, ethanol, and aqueous, anthraquinone in
ethanol and aqueous, phlobatannins and reducing sugar in
methanol, ethanol, and aqueous extracts, and volatile oil was
absent in all five solvents (Table 1).

3.3.  Total  phenol  content

In the present study, total phenolic content of differ-
ent extracts of leaves of L. indica was determined by the
Folin–Ciocalteu reagent method and expressed as GAE/g
of plant extracts. Methanol extract exhibited the maxi-
mum amount of phenolic content among the extracts, i.e.,
(65.20 ± 0.15) mg/g GAE followed by (60.97 ± 0.23) mg/g GAE in
ethanol extract, (53.04 ± 0.15) mg/g GAE in aqueous extract,
and (84.59±  0.52) mg/g GAE in standard gallic acid. All the
calculations were made using the r2 values from the graphs.

3.4.  FRAP  assay

In the present study, the presence of antioxidants in the sam-
ple would result in the reduction of ferri cyanide Fe3+ to
ferro cyanide Fe2+ by donating an electron. Methanol, ethanol,
and aqueous extracts were subjected to FRAP assay along
with standard ascorbic acid. In the results obtained, methanol
extract showed higher activity than aqueous followed by
ethanol extract which was comparable to standard ascorbic
acid (Fig. 1).

3.5.  PM  assay

In the present study, methanol, ethanol, and aqueous extracts
were subjected to PM assay along with standard ascorbic acid.

Methanol extract showed the highest activity among ethanol
and aqueous extract and standard ascorbic acid (Fig. 2).

3.6.  DPPH  assay

In the present study, the different concentrations of methanol,
ethanol, and aqueous extract of leaves of L. indica were sub-
jected to DPPH free radical scavenging assay. The antioxidant
capacity of the extract was compared with ascorbic acid as
the standard antioxidant. Methanol extract exhibited higher
antioxidant activity than the ethanol and aqueous extract
(Table 2).

3.7.  Effect  of  L.  indica  leaf  methanol,  ethanol,  and
aqueous  extracts  on  DU-145  and  PC-3  prostate  cancer
cells lines

The result of MTT  assays revealed that the methanol and
ethanol extract of L. indica leaves decreased the percent via-
bility of all the cells but to different extent. Methanol and
ethanol extract was found to induce more  cytotoxicity towards
cancer cell lines DU-145 and PC-3 (Fig. 3A and 3B). All the
three extracts showed no cytotoxic effect towards noncancer-
ous normal mice embryo fibroblast (MEF-L929) cell line. The
effect induced by the extracts is also similar to that of the
standard chemotherapeutic drugs such as paclitaxel, which is
commonly used in the treatment of prostate cancer. The com-
bination of the extracts along with the standard drugs also
induced more  cytotoxicity in cancerous cells. These results
revealed morphological changes and shrinkage of cells lead-
ing to cell death induced by the extracts in the prostate cancer
cell lines (Fig. 4A–C). The IC50 values of methanol, ethanol, and
aqueous extracts of L. indica against (DU-145 and PC-3) prostate
cancer cell lines are represented in (Table 3).
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Fig. 1 – Ferric reducing/antioxidant power assay for extracts of Leea indica.
Data is presented as mean standard error of the mean (n = 3). Statistical significance was assessed using one-way as
compared with standard.
*p < 0.05.

Fig. 2 – Phosphomolybdenum assay for extracts of Leea indica.
Data is presented as mean standard error of the mean (n = 3). Statistical significance was assessed using one-way as
compared to standard group.
*p < 0.05.
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Table 2 – Determination of percentage inhibition of 2, 2-diphenyl-1-picrylhydrazyl radical scavenging activity of Leea indica
(%).

Concentration (mg) Percentage of inhibition

Methanol Ethanol Aqueous Standard: ascorbic acid

100 57.11 ± 0.43 43.87 ± 0.16 33.76 ± 0.14 62.45 ± 0.17
200 64.15 ± 0.49 45.05 ± 0.21 44.06 ± 0.18 66.96 ± 0.25
300 73.24 ± 0.29 67.75 ± 0.29 62.05 ± 0.32 75.03 ± 0.19
400 78.16 ± 0.15 70.84 ± 0.12 73.69 ± 0.11 82.15 ± 0.14
500 82.86 ± 0.25 80.01 ± 0.33 77.40 ± 0.12 90.78 ± 0.12

The values presented are mean ± standard deviation, n = 3. Results were analyzed using descriptive statistics.

Fig. 3 – (A) Cytotoxicity of Leea indica methanol, ethanol, aqueous leaf extracts, and standard drug on DU-145 prostate
cancer cell lines. (B) Cytotoxicity of Leea indica methanol, ethanol, aqueous leaf extracts, and standard drug on PC-3 prostate
cancer cell lines.
Data is presented as mean standard error of the mean (n = 3). Statistical significance was assessed using one-way as
compared to the control group and standard.
*p < 0.05.
**  p < 0.01.

Table 3 – IC50 values of cell proliferation inhibition of Leea indica extracts (�g/mL).

Cells Methanol Ethanol Aqueous

DU-145 529.44 ± 42.07 677.11 ± 37.01 875.22 ± 38.53
PC-3 547.55 ± 33.52 631.99 ± 50.24 987.88 ± 50.06
Standard: paclitaxel 0.3 �M/mL

The values presented are mean ± standard deviation, n = 3. Results were analyzed using descriptive statistics.

4.  Discussion

In recent years, the use of herbal medicines in cancer treat-
ment has received increasing attention due to their varied
phyto-metabolic contents with multiple biological activities.18

The plant collected from Western Ghats was identified accord-
ing to their taxonomical characters as L. indica and analyzed
for the presence of phytochemicals with five solvent extracts.
Preliminary phytochemical analysis revealed the presences of
secondary metabolites in the selected extracts of the plant.
These secondary metabolites are reported to have many

biological and therapeutic properties.19 Phyto-constituents
were quantified by different biochemical tests. Phenols and
flavonoids were detected in methanol, ethanol, and aque-
ous extract only, whereas alkaloid was present in methanol
and aqueous extracts. The presence of glycosides was shown
in all five solvents, and tannins in ethyl acetate, methanol,
ethanol, and aqueous (Table 1). The studied phytochemicals
in leaves of L. indica extracts are pharmaceutically important.
Among the different phytochemicals, phenolic compounds
have gained attention of different areas of applications such as
pharmaceutical, health, food, and cosmetic industries. These
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Fig. 4 – (A) Morphological changes showing inhibition of DU-145 prostate cancer cell lines, whereas no inhibition was
observed on MEF-L929 normal cell line for 72 hours. (B) Morphological changes showing inhibition of PC-3 prostate cancer
cell lines, whereas no inhibition was observed on MEF-L929 normal cell line for 72 hours. (C) Morphological changes of
standard drug paclitaxel on DU-145 and PC-3 prostate cancer cell lines.
BL, membrane blebbing (magnification for DU-145 was 20 × and PC-3 was 40 × ); CS Cellular shrinkage.
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compounds are widespread in the plant kingdom as part of
our daily diet and are attractive as natural antioxidants.20,21 In
this study, the phenolic content was studied in L. indica where
in the methanol extract exhibited the highest total phenolic
content (65.20 ± 0.15 mg/g GAE) followed by the ethanol extract
(60.97 ± 0.23) mg/g GAE.

Reactive oxygen species are thought to play an important
role in many  human diseases. Radical scavenging activities are
very essential due to the toxic role of free radicals in biological
systems. Many  secondary metabolites like phenols, polyphe-
nols, and flavonoids serve as sources of antioxidants and
perform scavenging activity.22 Reactive oxygen species read-
ily combine and oxidize biomolecules such as carbohydrates,
proteins, and lipids and thus making them indolent with sub-
sequent damage to cells, tissues, and organs leading to cancer
progression.23,24 In the present work, three methods were
used to evaluate the total antioxidant capacity of methanol,
ethanol, and aqueous extracts (FRAP, PM,  and DPPH). The ferric
ion-reducing antioxidant power assay of the extract may serve
as a significant indicator of its potential antioxidant activity.
The presence of antioxidants, which have been shown to be an
impart antioxidant action by breaking the free radical chain by
donating a hydrogen molecule.25 The presence of antioxidants
in the extract would result in the reduction of ferri cyanide
Fe3+ to ferro cyanide Fe2+ by donating an electron which was
measured spectrophotometrically at 700 nm.  In this assay, the
yellow color of the test solution changes to various shades
of green and blue, depending on the reducing power of plant
extract. The reducing power increased with the increase in
the extract concentrations. This may be served as significant
indicator of its potential antioxidant activity. Hence, this study
presumed that the methanol extract of L. indica may have a
high amount of antioxidant properties which was comparable
to that of the synthetic antioxidant standard used (Fig. 1).

The total antioxidant activity of the sample was ana-
lyzed by the PM method. It is calorimetric quantitative
method which measures the reduction of Phosphate-Mo (VI)
to Phosphate-Mo (V) by the sample and subsequent forma-
tion of a bluish green colored Phosphate-Mo (V) complex.15

It helps to examine the reduction rate among the antioxi-
dant and molybdenum ligand. In the present study methanol
extract exhibited higher absorbance than ethanol and aque-
ous extract (0.818 ± 0.001; Fig. 2).

DPPH is stable nitrogen centered free radical which is
conventionally used to determined free radical scavenging
activities of antioxidants present in plant extract or synthetic
compound.26,27 The reduction capability of DPPH radical is
determined by the decrease in absorbance at 517 nm induced
by the antioxidant. In the present study, the antioxidant activ-
ity of L. indica was evaluated using methanol, ethanol, and
aqueous extract of the plant and was compared with stan-
dard ascorbic acid. The experimental data revealed that the
extracts are likely to have the properties of scavenging free
radicals with methanol extract showing higher antioxidant
capacity (Table 2).

The evaluation of the anticancer activity of plant extracts
is essential for safe treatment. It enables identification of
the intrinsic toxicity of the plant and the effects of acute
overdose.28,29 The MTT  assay is used in screening the crude
extracts as well as in the isolated compounds to assess the tox-

icity. It could also provide an indication of possible cytotoxic
properties of the tested plant extracts. MTT assay is based on
the reduction of MTT by mitochondrial dehydrogenase by pur-
ple formazan product. It is frequently used as an in vitro model
system to measure cytotoxic effects of variety of toxic sub-
stances and plant extracts against cancer cell lines.30 In vitro
cytotoxicity test using DU-145 and PC-3 prostate cancer cell
lines was performed to screen potentially toxic compounds
that affect basic cellular functions and morphology. The three
extracts (methanol, ethanol, and aqueous) of L. indica showed
in vitro growth inhibition effects on the two cancer cell lines
(DU-145 and PC-3), while there was no effect on the growth
of normal cells (MEF-L929). Such selective effects were con-
centration as well as, incubation time period dependent. With
respect to concentration (3.125 �g/mL, 6.25 �g/mL, 12.5 �g/mL,
25 �g/mL, 50 �g/mL, 100 �g/mL, 200 �g/mL) of each extract
were evaluated in triplicates by serial dilution. Among these
seven concentrations, 200 �g/mL of methanol and ethanol
extract was the most effective in producing percentage growth
inhibition. The aqueous extract showed less effect throughout
the range of tested concentrations in DU-145 and PC-3 prostate
cancer cell lines for a single time point of 72 hours. However,
the standard paclitaxel drug showing significant inhibition on
the cancer cell lines (Fig. 3A and 3B). The results showed that
methanol extract significantly inhibited the (DU-145 and PC-
3) cell lines and was the most potent extract with IC50 value
529.44 ± 42.07 �g/mL for DU-145 and 547.55 ± 33.52 �g/mL for
PC-3 followed by ethanol (Table 3). The results also confirmed
the differential effect induced by the extracts and standard
drug in cancerous and normal cells (Fig. 4A–C). Therefore, the
inhibition of cell growth by L. indica extracts might be due to
the power of the solvent in surpassing effect of several bioac-
tive constituents, the presences of phenolic compounds like
gallic acid and other antioxidant agents that are present in L.
indica.31,32

In conclusion, it was observed that the plant L. indica con-
tains a wide variety of secondary metabolites that hold strong
antioxidant capacity based on the experiments performed
which add scientific evidence to conduct further studies,
investigate the lead compounds present in the plant, evalu-
ate its anticancer potential on in vivo animal models and put
forward an attempt to carry out trails on human beings.
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ABSTRACT
Background: Bipolar disorder is a chronic mental illness, characterized by the presence 
of manic, depressive and cyclic episodes, usually separated by asymptomatic intervals. 
Illness significantly affects the patients’ quality of life. Hence, clinical pharmacists can 
contribute to managing the disease condition of the patients, mainly with the use of 
effective and safe drugs, and improve the patient’s quality of life through pharmaceutical 
care. Methods/design: A Randomized, interventional, prospective study was performed 
on 304 patients, to compare and assess the impact of pharmaceutical care with the usual 
care. Patients with bipolar disorder, aged 18 to 65 years, who have been discharged from 
the outpatient department were randomized and enrolled in the study. The intervention 
group patients’ were served with pharmaceutical care, which was provided by clinical 
pharmacists, Psychiatrists and Nurses, on other hand control group patients were treated 
with the usual care. Quality of life of the patients was assessed at the baseline level 
to 3rd, 6th and 9th months of the follow-up. Result: Total 266 patients were completed 
the study. No statistically significant difference was observed at the demographic level 
and baseline level quality of life (p=0.547) in both the group. After the intervention 
in the interventional group, significant (p<0.001) improvement in the quality of life 
were observed during the study period. Conclusion: conducted study shows that, clinical 
pharmacist lead collaborative care can enhance the patients’ quality of life in compared 
to usual care,  which is showing that, the participation of clinical pharmacist in psychiatry 
settings may lead to integration in health care delivery systems.

Keywords: Quality Of Life, Bipolar Disorder, Pharmaceutical Care, Mania, Depression, 
Psycho-Education, Clinical Pharmacist. DOI:  10.5530/ijper.51.2s.59
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INTRODUCTION
A good quality of  life (QOL) is not just only 
better health status even though it is a sum 
of  good physical health; psychological health;  
environmental health; socio-economic and 
spiritual well-being.1,2 Globally, a good quality  
of  life is an important and broad measure 
in compared to the health status of  the 
persons’ life aspect.3 As per World Health 
Organization (WHO) quality of  life is an 
individual perception of  their position in life  
in the context of  the culture and value sys-
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tem in which they live and relation to their 
goal, expectation, standards and concerns,4 
Bipolar disorder impairs quality of  life of  the 
patients through mood swings; personal suf-
fering; disturbed familial support and uneven 
socio-economic functioning.5 in India, out 
of  100,000 lack population 200 people are 
suffering from bipolar disorder in India.6 

Indeed, bipolar disorder is a severe, recur-
rent and chronic mental suffering, which 
may represent by the mood swing like dys-
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thymia, depression, euphoria, cyclothymia and mania 
at different time of  interval in the same patient with 
significant functional and cognitive impairment.7 Due 
to cyclic nature of  bipolar disorder symptom remission 
and symptomatic exacerbation can affect the patients’ 
physical; psychological, emotional, economic and social 
well-being which is directly impaired their overall quality 
of  life.8

The usual treatment of  bipolar disorder in here phar-
macotherapy and psycho-education, many patient 
responses adequately for such kind of  approach but 
some of  do not. They may frequently suffer from the 
cyclic episode, cognitive impairment, and poor social 
well-being.9 Hence multidisciplinary collaboration of   
health care professionals like a clinical pharmacist,  
psychiatrist and nurse are needed to optimize the 
patients’ health and good quality of  life.10,11,12

By the help of  this type of  study, we planned to assess 
the impact of  clinical pharmacist lead collaborative 
approach. Our study aim was to measure the effect of  
pharmaceutical care on various domain of  the quality 
of  life of  the patients with Bipolar disorder through 
WHO-BREF QOL. Pharmaceutical care is the care 
provided by the pharmacist which aim towards patient-
centered health and to achieve the desired therapeutic 
outcome, though patient counseling; interdisciplinary 
cooperation; improve the medication adherence and 
ultimately improve the patients’ quality of  life.13,14

METHOD
Ethical Issue: Approval of  the study was obtained 
by the Institutional ethics committee (IEC: KLEU/
Ethic/2015-16/D-93). The study protocol was 
explained to the patients by the investigator orally and 
the patient information sheet, Informed consent form, 
patient information leaflets and booklet were issued to  
the patient. Written consent was obtained from the  
participants prior to the initiation of  the study. 
Study Design and Patient Recruitment: Study was  
initiated at tertiary care hospital. The study was a  
Prospective, Randomized, open level, comparative 
study. Total 266 patients completed their follow-up. 
Patient age between 18 to 65 years of  either gender and 
diagnosed with the bipolar disorder were enrolled in the  
study. Patients with the history of  epilepsy, schizophrenia,  
obsessive-compulsive disorder, Alcohol-induced psychosis,  
mental retardation, pregnant and lactating women were 
excluded from the study. 
Study Protocol: Patients, who satisfied the above-cited 
study criteria were enrolled in the study and randomized  
through computer-assisted randomization list. The  

randomization list was prepared by the biostatistician, 
who was not involved in the study. The allocation was 
concealed using serial Number. 
Selected patients were divided into two groups; control  
group (n=143) and Interventional group (n=143). Clinical  
information relevant to the study were collected from 
the patient and their relatives. Control group patients 
were on care as usual; whereas, Interventional group 
patients on pharmaceutical care as well as usual care. 
Interventional group patient population served with  
medication-related education, psycho-education, lifestyle  
modification education along with patient information  
leaflets and booklets. At each visit patient and their  
family members knowledge about medicine and disease 
condition was reinforced and study related data were 
collected.
Patients’ Quality of  life (QOL) was measured at the 
baseline level and at the each visit of  follow-up (i.e.3rd, 
6th and 9th month).  At each visit patients interview were 
taken place, in which we discuss their medication-related 
problem and quarries related to the disease condition 
and medications. After the counseling and interview 
session, self-reported WHO-BREF QOL questionnaire 
in Kannada and Marathi was provided to them to mark  
the option of  the question, for same 10 min. time  
provided to the each patient.      
The quality of  Life (QOL) Assessment: patients’ 
quality of  life was assessed by WHOQOL-BREF; which 
is a self-reported questionnaire, filled by the patients  
with bipolar disorder.15,16 WHOQOL-BREF contain  
26 item from which, 2 item represent overall quality of  
life and health status of  the patients and rest of  24 item 
contain four domain, including physical health domain 
with 7 item (Domain 1), Psychological health domain 
with 6 item (Domain 2), Social relationship with 3 item  
(Domain 3) and Environmental health domain with  
8 item (Domain 4).17 Each of  the domain is being 
rated by 5 points Likert scale and scored from 1 to 5 
in response scale. According to WHOQOL guideline,  
a raw score of  each domain was transformed 4 to 20 
score. All Domains’ score were scaled in ascending 
direction. The mean score in each domain was obtained  
by computing the mean of  transformed scores con-
verted to a 0–100 scale for each domain. A mean score 
of  <40 in each domain denotes poor, 41–60 indicates 
moderate and >60 indicates good quality of  life.4,18,19

Statistical Analysis:  The sample size of  the study was 
calculated by the inverse random sampling formula in 
the order to reject the null hypothesis. An attrition rate 
of  15% was considered. Probability values of  less than 
0.05 were considered for statistical significance. Study 
data were entered and analysed on IBM SPSS, Version 
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20. Socio-demographic data and clinical characteristic of  
the groups compared with the chi-square test with the 
frequency, mean, percentage, and degree of  freedom. 
The quality of  life both the group was compared and 
assessed through unpaired student ‘t’ test with mean, 
standard deviation, ‘t’ value and degree of  freedom at 
95% confidence interval.

RESULT
Total 304 bipolar disorder patients were screened for the 
study. Patients who got enrolled after their willingness to 
informed consent were likewise randomized into two 
groups, to know the effect of  pharmaceutical care in the  
quality of  life (QOL) of  the patients. A flowchart repre-
senting the patients’ distribution, which cited in figure 1.   
In the control group out of  143 patients, 134 were 
completed, their follow-up, of  which 81 were male and  
51 were female; their mean age was 36.6 ± 11.36 years;  

mean age of  onset of  the first episode of  Bipolar disorder  
was 26.84 ± 8.47 and mean Body Mass Index (BMI) 
was 24.11 ± 4.07. Whereas in Interventional group, 84 
patients were male and 50 were females; having a mean 
age of  38.34 ± 12.91 years; mean age of  onset of  the  
first BPAD of  27.46 ± 10.09 and mean BMI of  24.36 ±  
3.94. No statistically significant differences were 
observed in mean age, the age of  onset of  first BPAD 
and BMI. (Table 1)
In both groups, the majority of  the patient population 
was not shown psychiatry family history. In control 
group, 86.4% (n=114) had no psychiatry family history; 
9.1% (n=12) were shown paternal and 4.5% (n=6) were 
shown maternal psychiatric family history. On the other 
hand, in the intervention group, 88.1% (n=118) patients 
had no psychiatric history; 10.45 (n=14) had paternal 
and 1.5% (n=2) patients had a maternal psychiatric 
family history. Childhood adversity is also mentioned 

Figure 1: Flowchart showing patients’ distribution, a control group receiving usual care and the interventional group receiving 
pharmaceutical care for a period of 9 months.



Singh  et al.: Pharmaceutical care on quality of life of Bipolar disorder patients

S132 Indian Journal of Pharmaceutical Education and Research | Vol 51 | Issue 2 (Suppl)| Apr-Jun, 2017

patients were not shown any childhood adversity.  In 
control group 28.0% (n=37) and interventional group 
28.4% (n=38) patients were with smoking habit, while 
19.7% (n=26) and 17.2% (n=23) patients, in control  
and interventional group respectively, were with drinking  
habit. Patient’s marital status, socioeconomic status and 
religion is mentioned in Table 2.

in Table 2. On the assessment of  childhood adversity, 
in control group, 6.8% (n=9) patients were expressed 
childhood negligence; 1.5% (n=2) with lost of  parents  
and 91.7% were not expressed any childhood adversity.  
Whereas in the intervention group, 10.4% (n=14) 
patients were with childhood negligence; 1.5% (n=2) 
were with abnormal physical health and 88.1% (n=118) 

Table 1: Demographic data of the patients.
Sl. 
No.

Demographic variable Control group

(n=132)

Interventional 
group

(n=134)

t df
95% confidence 

Interval p
Lower Upper

1 Age 36.6±11.36 38.34±12.91 -1.46 264 -5.123 0.754 0.145

2 Age of onset of first BPAD 24.11±4.07 24.36±3.97 -0.51 264 -1.226 0.715 0.605

3 BMI 26.84±8.47 27.46±10.09 -0.53 264 -2.929 1.685 0.596

Data are represented as mean ± SD
BMI= body mass Index

Table 2: Demographic data of the patients.
Sl. 
No.

Demographic variable Control group
(n=132)

Interventional group
(n=134)

Total Chi square test
df p

1 Gender
Male 

Female
81 (61.4%)
51 (38.6%)

84 (62.7%)
50 (37.3%)

165 (62.0%)
101 (38.0%)

1 0.824

2 Religion 
Hindu
Muslim

Christian 

126 (95.5%)
6 (4.5%)
0 (0.0%)

121 (90.3%)
12 (9.0%)
1 (0.7%)

247 (92.9%)
18 (6.8%)
1 (0.4%)

2 0.214

3 Marital Status
Unmarried

Married
Widow 

35 (26.5%)
96 (72.1%)

1 (0.8%)

29 (21.6%)
105 (78.4%)

0 (0.0%)

62 (24.1%)
201 (75.6%)

1 (0.4%)
2 0.337

4 Socioeconomic Status
Government Job

Private Job
Daily Basis
Homemaker 

Farmer 
Student 
Retired

Unemployed 

1 (0.8%)
29 (22.0%)

2 (1.5%)
36 (27.3%)
34 (25.8%)
21 (15.9%)

4 (3.0%)
5 (3.8%)

6 (4.5%)
27 (20.1%)

2 (1.5%)
42 (31.3%)
28 (20.9%)
22 (16.4%)

2 (1.5%)
5 (3.7%)

7 (2.6%)
56 (21.1%)

4 (1.5%)
78 (29.3%)
62 (23.3%)
43 (16.2%)

6 (2.3%)
10 (3.8%)

7 0.616

5 Family History
Nothing Significant

Paternal
Maternal

114 (86.4%)
12 (9.1%)
6 (4.5%)

118 (88.1%)
14 (10.4%)

2 (1.5%)

232 (87.2%)
26 (9.8%)
8 (3.0%)

2 0.332

6 Childhood Adversity
Neglect

Physical Health
Loss of Parents

Absent

9 (6.8%)
0 (0.0%)
2 (1.5%)

121 (91.7%)

14 (10.4%)
2 (1.5%)
0 (0.0%)

118 (88.1%)

23 (8.6%)
2 (0.8%)
2 (0.8%)

239 (89.8%)

3 0.164

7 Smoker
Yes 
No

37 (28.0%)
95 (72.0%)

38 (28.4%)
96 (71.6%)

75 (28.2%)
191 (71.8%)

1 0.953

8 Alcoholic
Yes 
No 

26 (19.7%)
106 (80.3%)

23 (17.2%)
111 (82.8%)

49 (18.4%)
217 (81.6%)

1 0.594

Data are presented as % (n)
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Table 3: Mean total Quality of Life (QOL) of the patients.
Sl. 
No.

Baseline and 
follow-up visit for 

QOL

Control 
group

(n=132)

Interventional 
group

(n=134)

t df
95% confidence 

Interval p
Lower Upper

1 Baseline visit 49.47±4.19 49.79±4.38 -0.60 263.7 -1.353 0.718 0.547

2 Follow-up visit 1 49.54±3.97 54.34±3.79 -10.1 263.0 -5.746 -3.871 0.001

3 Follow-up visit 2 48.93±3.93 55.25±3.90 -13.1 263.8 -7.260 -5.368 0.001

4 Follow-up visit 3 49.11±3.84 56.27±3.56 -15.7 261.8 -8.056 -6.268 0.001

Data are represented as mean ± SD; Baseline versus visit 1, visit 2 and visit 3 in both of groups.
p < 0.05 in increasing the quality of life; unpaired student t test.
df = degree of freedom; QOL=quality of life 

Table 4: Quality of life of patients in different Domains of WHOQOL-BREF.
Sl. 
No. Domains

Control 
group

(n=132)

Interventio-nal 
group

(n=134)
t df

95% confidence 
Interval p

Lower Upper

1 Physical Health 
Baseline visit Follow-up 
visit 1 Follow-up visit 2 

Follow-up visit 3

51.16±7.9
52.84±5.9
51.31±4.8
51.59±5.2

50.21±8.24
58.16±5.56
59.39±5.07
60.85±5.00

0.95
-7.51

-13.29
-14.74

263.85
262.01
263.71
263.02

-1.004
-6.709
-9.282
-10.48

2.9047
-3.921
-6.887
-8.016

0.339
0.001
0.001
0.001

2 Psychological Health 
Baseline visit Follow-up 
visit 1 Follow-up visit 2 

Follow-up visit 3

50.04±7.2
47.37±5.1
47.18±5.1
47.04±4.8

49.47±6.86
52.92±5.03
53.43±4.92
54.70±3.99

0.664
-8.323
-10.05
-14.00

262.70
263.68
263.46
252.66

-1.129
-6.418
-7.474
-8.732

2.280
-3.962
-5.027
-6.579

0.507
0.001
0.001
0.001

3 Social Relationship
Baseline visit Follow-up 
visit 1 Follow-up visit 2 

Follow-up visit 3

48.66±8.1
49.34±5.6
49.08±5.4
48.93±5.0

49.17±7.44
53.47±5.07
54.94±5.45
55.17±4.88

-0.526
-6.302
-8.744
-10.24

260.87
260.60
263.89
263.39

-2.392
-5.419
-7.185
-7.438

1.384
-2.838
-4.543
-5.040

0.599
0.001
0.001
0.001

4 Environmental Health
Baseline visit Follow-up 
visit 1 Follow-up visit 2 

Follow-up visit 3

48.02±7.5
48.25±6.1
48.17±6.0
48.86±5.8

50.31±7.54
52.81±6.27
53.14±6.08
54.28±6.23

-2.471
-6.009
-6.672
-7.327

263.91
263.95
263.95
263.27

-4.116
-6.058
-6.443
-6.876

-0.465
-3.068
-3.506
-3.963

 0.014
0.001
0.001
0.001

Data are represented as mean ± SD; Baseline versus visit 1, visit 2 and visit 3 in both of groups.p < 0.05 in increasing the quality of life; unpaired student t test.
df = degree of freedom; QOL=quality of life.

The quality of  life has been being assessed by WHO-
QOL-BREF. Change in the quality of  life (QOL) from 
baseline to the end of  the study in both groups are 
shown in Table 3. It is evidence from the result that, the 
quality of  life in the interventional group, were increased 
gradually at every follow-up. Whereas in the control  
group, QOL of  patients were on stationary stage.  
The mean score of  QOL at baseline, in control 
and the interventionalgroup, was 49.475±4.191 and 
49.792±4.384. There was no statistical difference  
(p=0.547) observed at baseline level with 95% confidence  
interval (CI). After the pharmaceutical care based inter-
vention in the interventional group, it is to be observed 

that, during the follow-up visit there were statistically 
significant improvement were observed (p=0.001).
On the assessment of  WHOQOL-BREF, in Domain 
1 (Physical health) no significant difference (p=0.339) 
were observed at baseline in both of  the groups. But 
during the follow-up visits, there was a significant 
improvement (p=0.001) seen  Same as in Domain 2 
(Psychological health) and Domain 4 (Environmen-
tal health) respectively, no significant differences were 
observed at baseline, but in Domain 3 (Social relation-
ship) significant difference (p=0.014) was observed. On 
the other hand, in the interventional group, statistically 
significant improvement (p=0.001) were observed in all 
Domains. (Table 4)



Singh  et al.: Pharmaceutical care on quality of life of Bipolar disorder patients

S134 Indian Journal of Pharmaceutical Education and Research | Vol 51 | Issue 2 (Suppl)| Apr-Jun, 2017

DISCUSSION
Ours is the first study to evaluate the impact of  pharma-
ceutical care based on collaborative care for the patients 
with bipolar disorder in India.  As per the result of  the 
study, we assessed the positive effect of  pharmaceutical 
care on intervening patient population in compare to 
patients with care as usual. Lizer M H et al 20 assessed 
the effect of  pharmacist assist psychiatry clinic, in the 
observation statistically significance difference were 
observed in physical health and psychological health 
domain (p<0.001). Ghazavi Z et al 21 conducted a pilot 
study to compare the effect of  psycho-education on 
quality of  life of  the patients, there statistically signifi-
cant difference were observed in the (mean) quality of  
life of  both study group (p=0.04) and control group 
(p=0.09). As per the observation of  the our study the 
(mean) quality of  life in the interventional group was 
found p<0.001 (Table 3). So, we can concluded that 
pharmaceutical care-based collaborative approach can 
enhance the patients’ quality of  life.
We had taken different measures to improve the quality of  
our study. Firstly, we included the qualified and trained 
clinical pharmacist during the study, so that we could  
provide better education and care to the patients.  
Secondly, we prepared the selective exclusion criteria for 
the targeted patient population to get the good accuracy 
of  the study result. Thirdly, we prepared a proper plan 
for the interventional group patients’ population, in 
which, medication-related education, psycho-education 
and lifestyle related education were provided along with 
the structured patient information leaflet and booklets 
in a local vernacular language like Kannada, Marathi, 
Hindi and English. Fourthly, we used randomization 
process so that we could assessed better result for the 
effect of  provided care.8 Finally, during the follow-up 
of  the study, we were in telephonic contact with the 
patient so that we could control the attrition rate of  
the study.  Besides these positive points, our study had 
some limitations. The first limitation of  the study was 
patient biased, which as passed by the patients. Many 
patients during the manic phase self-report the high 
quality of  life whereas during the depressive phase poor 
and during euphoric phase shows the normal quality 
of  life.22certainly, this kind of  bias may change during 
the cyclic phase of   bipolar disorder and mood swing 
of  the patients. The second limitation of  the study was 
to control the attrition rate of  the patients due to the 
patients’ psychological condition. Most of  the patients 
left the study without showing any cause. The voluntary 
withdrawal of  the patients may affect the result of  study 
and the third limitation of  the study was to control the 

exposure of  patient with other participants during the 
follow-up, which might alter the result too. Fourthly, 
we did not assess the symptom improvements of  the 
patients.
Such type of  limitation is possible during the study, 
but most of  the patient done follow-up and participate 
properly in the study. This type of  study required for the 
multicentre level with a high number of  patient sample, 
to show the better effect of  care which has provided by 
the clinical pharmacist as a part of  collaborative care 
team. 

CONCLUSION
conducted study shows that, clinical pharmacist lead 
collaborative care can enhance the patients’ quality of  
life in compared to usual care, which is showing that, 
the participation of  clinical pharmacist in psychiatry 
settings may lead to integration in health care delivery 
systems.
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Abstract Since time immemorial, turmeric has been

widely marketed and consumed as dietary supplement due

to its diverse medicinal properties. Curcuminoids—com-

prising a mixture of curcumin (CUR), demethoxycurcumin

(DMC), and bisdemethoxycurcumin (BDMC)—are the

prime bioactive constituents of turmeric. However, the

usage of curcuminoids is limited by their chemical insta-

bility. The lack of information on comparative stability

profiles of curcuminoids (in pure and mixture form)

prompted us to study how pure curcuminoids and their

mixtures behave under different stress degradation condi-

tions. The order of stability of curcuminoids when exposed

to acidic, alkaline, and oxidative degradation was found to

be as follows: BDMC[DMC[CUR. While the pure and

mixture forms of curcuminoids were stable against heat,

they completely degraded upon exposure to sunlight. The

degradation extent of curcuminoids (in mixture form) was

substantially less as compared to their pure form; therefore,

this suggested the synergistic stabilizing influence of DMC

and BDMC in the curcuminoids’ mixture.

Keywords Bisdemethoxycurcumin � Curcumin �
Demethoxycurcumin � Stability � Stress degradation

Introduction

Turmeric is a most commonly used spice derived from the

dried rhizomes of Curcuma longa, a perennial herb

belonging to the Zingiberaceae family. In the literature,

turmeric has been widely acknowledged for various phar-

macological activities such as anti-inflammatory, anti-oxi-

dant, antimicrobial, anticancer, hepatoprotective, and

antidiabetic [1, 2]. The bioactivities of turmeric extract

have been attributed to the presence of three phenolic

compounds namely; curcumin (CUR), demethoxycurcumin

(DMC), and bisdemethoxycurcumin (BDMC). These phe-

nolic compounds are collectively known as curcuminoids

or a curcuminoid mixture. In general, it is believed that

CUR, one of the most extensively studied curcuminoids, is

responsible for the therapeutic success of turmeric in a

wide range of disorders [3]. However, the latest literature

has reported DMC and BDMC as having similar or higher

biological activities compared to the CUR. Furthermore, it

is well acknowledged that DMC and BDMC have syner-

gistically enhanced the bioactivities of CUR when they are

the part of curcuminoid mixture [4].

Despite of their wide range of bioactivities, the use of

curcuminoids has been limited by their stability concerns.

Curcuminoids undergo degradation by hydrolysis (acidic or

alkaline), oxidation and photodegradation [5–7]. The

degradation of CUR via a spontaneous autoxidation pro-

cess at physiological pH yields bicyclopentadione as the

major product, while the minor products include; vanillin,

ferulic acid, and feruloyl methane [8, 9]. In addition to this,

a study has shown that curcuminoids are sensitive to light;
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therefore, they are completely decolorized upon exposure

to ultraviolet and visible light. In this study, vanillin,

vanillic acid, ferulic acid, ferulic aldehyde, p-hydroxy

benzaldehyde, and p-hydroxybenzoic acid were identified

as the photodegradation products of curcuminoids [7].

A recent pharmacological study on curcuminoids con-

firmed that the degradation products of CUR are the main

bioactive molecules involved in the execution of biological

effects [10, 11]. As an additive in many different types of

processed food products, curcuminoids are exposed to

various processing conditions including different temper-

atures and pH. This certainly affects the stability and bio-

logical activities of curcuminoids [12]. Hence, it is of

utmost importance to understand degradation behavior of

curcuminoids by exposing them to different stress degra-

dation conditions.

The majority of earlier reported analytical methods have

mainly focused on the quantification of curcuminoids

rather than their stability profiling [13, 14]. To date, the

stability profiling of curcuminoids has largely been based

on high performance liquid chromatography (HPLC) by

using commercial grade curcumin, which is a mixture of

CUR, (75–80%), DMC (15–20%), and BDMC (3–5%) and

in some cases with other drugs [15, 16]. Since curcumi-

noids differ in their chemical structure and have distinct

activities, it is possible to assume that their relative sta-

bilities can vary under different conditions. The stability

studies on CUR, DMC, and BDMC are crucial for under-

standing the implications of the degradation products on

human health. Furthermore, the stability studies may pro-

vide valuable information, relating to the extent to which

these bioactive curcuminoids can retain their health pro-

moting effects. Despite the importance of the information

that could be gained from stability profiling compounds,

there has been limited research on the stability of CUR,

DMC, and BDMC. Therefore, we were prompted by this

realization to study mechanistic insights on how these

bioactive curcuminoids (CUR, DMC, BDMC) behave

under different stress degradation conditions (i.e., acidic,

alkaline, oxidative, photolytic, and thermal degradation).

We herein report the systematic stability studies of pure

and mixture form of curcuminoids by using a RP-HPLC

method with emphasis to understand the influence of

structural features on degradation pattern.

Materials and methods

Chemicals

Standards of CUR (purity 99.33%), DMC (purity 97.50%),

and BDMC (purity 99.36%) were obtained as gift samples

from Sami Labs Ltd. (Bangalore, India). The curcuminoid

mixture (95.14% total curcuminoid content) was also

obtained as gift sample from Kancor Ingredients Ltd

(Kerala, India). HPLC grade acetonitrile and formic acid

were purchased from Fisher Scientific (Mumbai, India).

Purified water was prepared by using Millipore Direct-Q�

3 water purification system (Molsheim, France).

Instrumentation and chromatographic conditions

The HPLC system consisted of Shimadzu LC-20AD

prominence system (Kyoto, Japan) equipped with a LC-

20AD pump, DGU-20A5 degassing unit, SPD-M20A diode

array detector, SIL-20AC HT auto sampler, CBM-20A

communication bus module and CTO-10AS VP column

oven. Data acquisition and analysis was performed by

using a Shimadzu LC solution (version 1.25) software

program. The chromatographic separation was achieved

using Luna C18(2) column (150 9 4.6 mm i.d., 5 lm

particle size, Phenomenex Inc., CA, USA) equipped with a

Phenomenex guard column. The mobile phase consisting

of acetonitrile: 0.1% formic acid (50:50 v/v), pumped at a

flow rate of 0.8 mL/min. The mobile phase was filtered

through 0.45 lm Millex HV� hydrophilic PVDF mem-

brane filters (Millipore, Bedford, USA) and degassed

before use. The column temperature was maintained at

40 �C and injection volume was 10 lL. CUR, DMC, and

BDMC were detected at 425 nm and their degradation

products were detected at 280 nm. The total chromato-

graphic run time was set to 12 min.

Preparation of standard solutions

Stock solutions were freshly prepared in methanol and

stored at 4 �C before HPLC analysis. The concentrations of

individual CUR, DMC, BDMC, and curcuminoid mixture

were 100, 240, 50, and 100 lg/mL respectively. All the

prepared solutions were stored in amber colored volumetric

flasks to protect from light.

Method validation

To ensure the validity of the developed RP-HPLC method,

validation parameters such as system suitability, linearity,

precision, accuracy, limit of detection (LOD), limit of

quantification (LOQ), and robustness was performed in

accordance with the International Conference on Harmo-

nization (ICH) guidelines [17].

Forced degradation studies

Forced degradation studies of CUR, DMC, BDMC, and

curcuminoid mixture were carried out as per ICH recom-

mended stress conditions such as acidic, basic, oxidative,
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thermal, and photolytic conditions [18]. For each degra-

dation study, four samples were prepared as follows: first

was the blank solution stored under normal conditions,

second was the blank subjected to degradation in the

similar manner as the drug solution, third was the zero

time sample containing the drug stored under normal

conditions and fourth was the drug solution subjected to

degradation.

Acid degradation

The acid degradation studies were carried out by transfer-

ring 1 mL of stock solution of CUR, DMC, BDMC, and

curcuminoid mixture to 10 mL amber colored volumetric

flask which contains 1 mL of 1 N hydrochloric acid (HCl)

solution. The flasks were sealed and solution was heated at

80 �C for 2 h. The resultant solutions were cooled to room

temperature, neutralized to pH 7 with 1 N sodium

hydroxide (NaOH) solution. Finally the volume was

adjusted to 10 mL with methanol, filtered through 0.2 lm

syringe filters before injecting into HPLC system for fur-

ther analysis.

Base degradation

The base degradation studies were carried out by taking

1 mL of stock solution of CUR, DMC, BDMC, and cur-

cuminoid mixture in 10 mL amber colored volumetric flask

to which 1 mL of 1 N NaOH solution was added. The

flasks were wrapped and solution was heated at 80 �C for

2 h and cooled. The resultant solutions were then neutral-

ized with 1 N HCl solution and the volume was diluted to

10 mL with methanol. Subsequently, the solutions were

filtered with 0.2 lm syringe filters prior to their injection

into HPLC system.

Oxidative degradation

The hydrogen peroxide (H2O2) induced oxidative degra-

dation studies were performed by transferring 1 mL of

stock solution of CUR, DMC, BDMC, and curcuminoid

mixture to 10 mL amber colored volumetric flask which

contains 1 mL of 30% H2O2 solution. The flasks were

sealed and solution was heated at 80 �C for 2 h and cooled.

The resultant solutions were adjusted to 10 mL with

methanol, filtered through 0.2 lm syringe filters before

injecting into HPLC system for further analysis.

Thermal degradation

Thermal degradation studies were carried out by trans-

ferring 1 mL of stock solutions of CUR, DMC, BDMC,

and curcuminoid mixture to 10 mL amber colored

volumetric flask to which 2 mL of methanol was added.

The flasks were sealed and the solutions were heated at

80 �C for 2 h. Thereafter solutions were cooled; volume

was made up with methanol, filtered through 0.2 lm syr-

inge filters before injecting into HPLC system for further

analysis.

Photodegradation

For photodegradation studies, 1 mL of methanolic stock

solution of CUR, DMC, BDMC, and curcuminoid mixture

were diluted to 10 mL with methanol and transferred into

10 mL transparent volumetric flasks. The flasks were

sealed and exposed to direct sunlight for a time period of

6 h. Finally the solutions were filtered through 0.2 lm

syringe filters before injecting into HPLC system for fur-

ther analysis.

Statistical analysis

All the forced degradation studies were carried out in

triplicates and data were expressed as mean ± SD.

Microsoft excel was used to calculate mean, standard

deviation, % relative standard deviation (%RSD), slope

and correlation coefficient of the experimental data.

Results and discussion

Curcumin is a biphenolic compound having two hydroxyl-

methoxy substituted aromatic rings connected to one

another via a seven-carbon spacer that contains two a, b–

unsaturated carbonyl (or diketo) groups [21]. However, the

number of methoxy groups on phenyl rings in DMC and

BDMC differ with CUR. DMC contains one methoxy

group and BDMC is devoid of the methoxy group. This

difference in chemical structure of these curcuminoids is

not only responsible for their distinct bioactivities, but also

their varied chemical stabilities [4, 19].

An efficient RP-HPLC method was successfully devel-

oped for the determination of stabilities of pure CUR,

DMC, BDMC, and their mixtures under different stress

degradation conditions. The developed method was vali-

dated according to the ICH guidelines and all the validation

parameters were found to be within the acceptance criteria

(Table 1). Under these conditions, sharp and symmetrical

peaks with tailing factor less than 2% were obtained for

CUR, DMC, and BDMC. Moreover, the mixture of the

three curcuminoids was separated with good resolution.

This developed RP-HPLC method was further able to

separate both the curcuminoids and their degradation

products. The chromatograms of pure CUR, DMC, BDMC,

and their mixture at 425 and 280 nm are shown in Fig. 1.
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The retention times were around 7.34, 8.18, and 9.12 min

for pure samples of BDMC, DMC, and CUR respectively.

Almost similar retention times were also observed for these

compounds in a curcuminoids mixture.

Forced degradation studies

The chromatograms of the samples subjected to various

forced degradation conditions such as acid, alkali,

Table 1 Summary of

validation parameters for the

developed HPLC method

Parameter CUR DMC BDMC Acceptance criteria

Retention time (tR, min) 9.12 8.18 7.34 –

Theoretical plates (N) 12,497 11,700 11,133 N[ 2000

Tailing factor (T) 1.06 1.09 1.10 T\ 2.0

Linearity range (lg mL-1) 2–12 4–24 0.5–3 –

Correlation coefficient 0.9997 0.9996 0.9999 C0.990

Slope 101,689 95,773 120,134 –

Intercept -52,674 -66,144 -6386 –

LOD (lg mL-1) 0.22 0.57 0.05 –

LOQ (lg mL-1) 0.66 1.73 0.16 –

Intraday precision (RSD%) 0.13–0.22 1.24–1.39 0.83–1.12 %RSD\ 2.0

Inter day precision (RSD%) 0.24–0.39 0.70–1.38 0.75–1.10 %RSD\ 2.0

Accuracy (% recovery) 99.06–101.74 101.50–101.83 100.83–101.98 98.0–102.0%

Robustness Complies Complies Complies %RSD\ 2.0

Fig. 1 HPLC chromatogram of pure CUR, DMC, BDMC, and curcuminoids mixture at a wave length of (A) 425 nm and (B) 280 nm
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oxidation, heat and direct sunlight are presented in Figs. 2,

3, 4, 5, and 6 respectively. These chromatograms show

resolved peaks for pure CUR, DMC, and BDMC as well as

curcuminoids in their mixture along with some peaks of

degradation products at different retention times. To

identify the peaks due to degradation products, the chro-

matograms of the degraded samples were compared with

the similarly treated blank. The number of degradation

products with their retention times and the percent degra-

dation of pure CUR, DMC, and BDMC as well as their

mixture is highlighted in Table 2.

Acid degradation

The chromatograms of the acid degraded samples of CUR,

DMC, BDMC, and the mixture along with peaks of their

degradation products are shown in Fig. 2. The pure sam-

ples of CUR, DMC, and BDMC displayed percentage

degradations that were around 44.39, 38.75, and 36.84,

respectively. This was in contrast to the curcuminoids in

the mixture that showed 37.52, 21.19, and 20.18 percentage

degradations, respectively. Furthermore, it was observed

that, under acidic conditions, pure CUR undergoes a

slightly higher degradation when compared to DMC and

BDMC. Interestingly, we noticed that there is a decrease in

the percentage degradation of curcuminoids when they are

in a mixture in comparison to their respective pure sam-

ples. By comparing the percentage degradations, it can be

suggested that DMC and BDMC have a stabilizing effect in

curcuminoids mixture. The extent of degradation of cur-

cuminoids was also influenced by temperature. Congruous

to previous reports [20], in this study, the percentage

degradation (in acid) of pure CUR was found to be 44.39%

after 120 min of incubation at 80 �C.

The pH of the medium is one of major factors that

govern the stability of curcuminoids. The curcuminoids

Fig. 2 HPLC chromatograms of (a) blank (b) CUR (c) DMC (d) BDMC, and (e) curcuminoids mixture subjected to acidic degradation using

1 N HCl at 80 �C for 2 h at a wavelength of (A) 425 nm and (B) 280 nm. 1, 2, 3, and 4 represents degradation peaks
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exhibit pH dependent keto-enol tautomerism. In acidic and

neutral medium (i.e., pH 3–7) the keto form dominates and

makes the curcuminoids an extraordinary potent H-atom

donor. While in alkaline medium (i.e., pH[ 8) the enol

form predominates with electron donating property. In

solvated state, at pH\ 1, curcuminoids acquire fully

conjugated protonated form (H4A?), whereas, at acidic

conditions (1 B pH B 7) they are in the neutral form

(H3A). As pH is traversed through alkaline end (pH[ 9),

curcuminoids were in fully deprotonated form (A3-) to

generate highly negatively charged ions which degrade

more rapidly. In general, the extent of degradation of

curcuminoids depends upon the level of deprotonation and

the destruction of the conjugated diene system [21, 22]. In

this study, curcuminoids were in protonated state during

acid degradation studies (1 N HCl, pH\ 1), while they

became deprotonated in basic degradation conditions (1 N

NaOH, pH[ 13). Hence, curcuminoids degradation is

slow in acidic conditions and faster at basic conditions.

Base degradation

The base degraded chromatograms of pure CUR, DMC,

BDMC, and their curcuminoids mixture are shown in

Fig. 3. The percentage degradation of pure CUR (78.57%)

was almost similar to that of CUR in the mixture (78.81%).

However, we have witnessed a sharp decrease in the per-

centage degradation of DMC (61.91%) and BDMC

(50.0%) in mixture when compared to DMC (70.96%) and

BDMC (64.35%) in their respective pure forms. From these

results, it is evident that in both pure and mixture forms,

BDMC was more resistant to alkaline degradation than

CUR and DMC.

The enhanced alkaline degradation of CUR and DMC

could be attributed to the presence of one or more methoxy

groups [6]. The reminiscent mechanism and the role of

methoxy groups in alkaline degradation can be explained

as follows. The alkaline degradation of curcuminoids is

initiated by the deprotonation of one of the three hydroxyl

Fig. 3 HPLC chromatograms of (a) blank (b) CUR (c) DMC (d) BDMC and (e) curcuminoids mixture subjected to base degradation using 1 N

NaOH at 80 �C for 2 h at a wavelength of (A) 425 nm and (B) 280 nm. 1, 2, 3, 4 and 5 represents degradation peaks
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groups followed by their auto-oxidation, thus yielding the

degradation products [23]. The curcuminoids exhibit

almost same extent of deprotonation which is largely due to

hydroxyl groups on the phenyl ring. However, degree of

auto-oxidation may vary depending upon the number of

methoxy groups on phenyl ring. The phenyl methoxy group

not only opens the epoxide but also found to be decisive for

the ability of CUR, DMC, and BDMC to undergo oxidative

transformation [19]. Several previously reported studies

revealed that hydrogen bonding of o-methoxy phenolic

functionality was responsible for the structure, configura-

tion, and its ability to undergo auto-oxidation. The electron

releasing behavior of methoxy group facilitates the easy

transfer of electrons (hydrogen abstraction) from phenolate

anion due to formation of an intramolecular hydrogen bond

between o-methoxy group and phenolic hydrogen. There-

fore, theoretically the auto-oxidation is faster for CUR (two

methoxy groups), slower for DMC (one methoxy group)

while BDMC resistant to auto-oxidize due to lack of

methoxy groups [24]. Oxidative transformation of BDMC

requires catalysis by horseradish peroxide and H2O2 or

potassium ferricyanide. Interestingly, we observed that

there was a moderate degradation for pure BDMC, which

could be attributed due to higher temperature (80 �C for

120 min) employed in this study. However, the percentage

degradation of DMC and BDMC in the mixture was con-

siderably decreased as compared to their pure forms. From

these findings, it is clear that the presence of DMC and

BDMC in curcuminoids mixture might have reduced their

percentage degradation by their synergistic stabilizing

effect [19].

Oxidative degradation

The hydrogen peroxide (H2O2) induced oxidative degraded

chromatograms of pure CUR, DMC, BDMC, and their

curcuminoids mixtures are presented in Fig. 4. The per-

centage degradation of CUR in mixture (79.82%) was

moderately decreased as compared to its pure form

(89.12%). A similar trend was also observed for DMC in

Fig. 4 HPLC chromatograms of (a) blank, (b) CUR, (c) DMC, (d) BDMC and (e) curcuminoids mixture subjected to oxidative degradation

using 30% H2O2 at 80 �C for 2 h at a wavelength of (A) 425 nm and (B) 280 nm. 1, 2, 3, and 4 represents degradation peaks
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mixture (65.86%) in comparison with its pure form

(68.52%). However, there was a significant change in

percentage degradation when pure BDMC was compared

to its mixture form. These results revealed that out of three

curcuminoids tested, BDMC (both pure and mixture)

exhibited more stability for H2O2 induced degradation. The

degradation pattern of curcuminoids (both pure and mix-

ture form) in oxidative (H2O2) degradation studies was

found to be dependent on their anti-oxidant nature. Par-

ticularly, the anti-oxidant property and hydrogen donation

ability of curcuminoids may be due to the presence of

bulky alkyl group at ortho position with respect to phenolic

hydroxyl group [25]. The hydrogen donation in curcumi-

noids occurs at three sites viz., one active methylene group

and two phenolic –OH groups ortho to electron releasing –

OCH3 group. As compared to CUR, DMC possess less

potential for proton donation because it has only one

phenolic –OH group ortho to electron donating –OCH3

group. The proton donation ability of BDMC is least due to

the lack of –OCH3 groups [26]. Moreover, Masuda et al.

have also reported the detailed mechanistic oxidative

degradation of curcuminoids which proceeds via involve-

ment of resonance stabilized radicals. Accordingly, the

intermediate radical formed in case of BDMC degradation

was found to be more stable due to the absence of both –

OCH3 groups [27]. Therefore, among the curcuminoids

BDMC resist the degradation while CUR readily undergoes

oxidative degradation. These observations were in agree-

ment with our experimental results. Furthermore, in the

mixture form of curcuminoids, degradation of CUR was

partially counteracted by the collaborative stabilizing effect

of DMC and BDMC.

Thermal degradation

The pure samples of CUR, DMC, BDMC, and their cur-

cuminoids mixture were subjected to thermal degradation

and the resultant chromatograms are presented in Fig. 5.

Interestingly, we observed the absence of degradation

peaks or no change in the peak area accounting for CUR,

Fig. 5 HPLC chromatograms of (a) blank, (b) CUR, (c) DMC, (d) BDMC and (e) curcuminoids mixture subjected to thermal degradation by

heating at 80 �C for 2 h at a wavelength of (A) 425 nm and (B) 280 nm
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DMC, and BDMC, which clearly suggest that both pure

and mixture forms of curcuminoids were thermally stable.

Generally, curcuminoids were reported to be stable to

heating. However, the degree of their degradation depends

upon the temperature and duration of heating. Several lit-

erature reports indicated that CUR and curcuminoids

mixture could tolerate temperatures ranging from 80 to

85 �C [15, 20]. Nevertheless, the b-diketone linkage in

curcuminoids has been found to be more vulnerable for

thermal degradation at temperatures beyond 100 �C [28].

In our work, both pure and mixture forms of curcuminoids

were stable for thermal degradation at 80 �C for 2 h.

Photo degradation

The pure samples of CUR, DMC, BDMC, and their cur-

cuminoids mixture were exposed to photo degradation

(direct sunlight for 6 h), and the respective chromatograms

are presented in Fig. 6. The results reveal the disappear-

ance of the peaks corresponding to individual and mixture

form of curcuminoids in their respective chromatograms

confirming susceptible character of curcuminoids toward

light. This evidently suggests that the presence or absence

of phenolic (OH) or methoxy (OCH3) groups on phenyl

ring does not have significant influence in degradation.

However, the photo degradation mainly proceeds through

the cleavage b-diketone linkage, which eventually gets

fragmented into smaller phenolic compounds as depicted in

Fig. 7 [21].

In conclusion, the research findings reported herein are

the first ever attempt to understand the relative degradation

behavior of pure curcuminoids in comparison with their

curcuminoid mixture under different forced degradation

conditions. Our research findings suggest that the degrada-

tion pattern among the curcuminoids (both pure and mixture

form) varies with conditions used in forced degradation

studies. It was observed that in both cases of curcuminoids,

CUR was vulnerable for degradation (least stable) while

BDMC was most resistant to degradation (more stable). The

order of stability of curcuminoids to acidic, alkaline, and

oxidative degradation was found to be as follows:

BDMC[DMC[CUR. Both pure and mixture forms of

Fig. 6 HPLC chromatograms of (a) blank, (b) CUR, (c) DMC, (d) BDMC and (e) curcuminoids mixture subjected to photodegradation by

exposing to sunlight for 6 h t at a wavelength of (A) 425 nm and (B) 280 nm. 1, 2, and 3 represents degradation peaks
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curcuminoid were stable against heat while they completely

degraded upon exposure to sunlight. Besides, from this study

it is evident that the presence of DMC and BDMC are

responsible for enhanced stability of curcuminoid mixture as

compared to their pure forms. The precise synergistic sta-

bilizing mechanism of these curcuminoids with more

emphasis on the role of structural elements (diketone moiety,

methoxy groups, and hydroxyl groups) of the curcuminoids,

which are responsible for distinct degradation behavior,

warrants further investigations.
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Abstract 

A single robust RP-HPLC method was developed and validated as per ICH guidelines for 

the accurate quantification of curcuminoids in commercial turmeric products, ayurvedic 

medicines, and nanovesicular systems. The proposed chromatographic method was found 

to be specific, linear (r
2
 ≥ 0.999), precise at intra- and inter-day levels (%RSD < 2.0%), 

accurate (% recovery 99.14-102.29%) and robust. The limit of detection (LOD) and 

quantification (LOQ) were found to be 7.40 and 24.70 ng mL
-1

 for curcumin (CUR), 9.24 

and 30.80 ng mL
-1

 for demethoxycurcumin (DMC), and 6.48 and 21.61 ng mL
-1

 for 

bisdemethoxycurcumin (BDMC) respectively. Amongst different commercial turmeric 

products and ayurvedic medicines tested, the contents of curcumin (3.54 ± 0.06 to 25.8 ± 

0.08 mg g 
-1

), demethoxycurcumin (1.28 ± 0.02 to 9.97 ± 0.03 mg g 
-1

) and 

bisdemethoxycurcumin (0.50± 0.01 to 5.97 ± 0.01 mg g 
-1

) varied significantly. The 

developed method was effectively applied to the determination of encapsulation 

efficiency (EE) of curcuminoids (ranged between 84.33 ± 3.50% to 96.59 ± 2.53%) in the 

https://crossmark.crossref.org/dialog/?doi=10.1080/10826076.2017.1329742&domain=pdf&date_stamp=2017-05-12
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nanovesicular systems. In conclusion, the reported method is suitable for analysis of 

curcuminoids in a wide variety of turmeric products and used for the quality control of 

products that contain curcuminoids. 

 

Graphical Abstract 

 

 

KEYWORDS: Reversed phase-HPLC; nanovesicles; turmeric; curcumin; curcuminoids 

 

INTRODUCTION 

Turmeric (Curcuma longa L.,) is a rhizomatous herbaceous perennial plant native to India 

and other parts of Southeast Asia, belongs to the Zingiberaceae family. The use of dried 

rhizome and its powder preparations have been well recorded as a spice, coloring agent, 

flavoring agent and food preservative 
[1]

. Indian traditional system of medicine has listed 

turmeric for its use in the treatment and mitigation of various diseases, which includes; 

cold, cough, fever, body aches, anemia, eczema, wounds, rheumatism, sinusitis and liver 

dysfunction 
[1,2]

. Besides, turmeric has been reported to possess an array of biological 
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activities, including antioxidant, anti-inflammatory, anti-parasitic, anticancer, 

antimicrobial and antiviral activities 
[3–5]

. There is an ever increasing demand for turmeric 

in food, cosmetics and pharmaceuticals due to its easy availability, low cost, non-toxicity, 

varied medicinal values, and multi-targeting ability in multiple chronic diseases 
[6]

. 

Several pharmaceutical companies are manufacturing various turmeric products in the 

form of tablets, capsules, extracts, powders, coloring agents, gels, creams, food 

supplements, drinks and soaps 
[6]

. Turmeric is also one of the significant ingredients in 

most of the traditional ayurvedic medicines such as Haridra Khanda, Khadiradi Vati, Nisa 

kathakadi Kashayam and Nishamalaki Churna 
[7]

. The therapeutic quality of turmeric is 

mainly attributed to three polyphenolic compounds collectively known as curcuminoids - 

curcumin (CUR), demethoxycurcumin (DMC) and bisdemethoxycurcumin (BDMC) 
[8,2]

. 

In addition, turmeric also contains volatile oils (turmerone, atlantone, and zingiberene), 

sugars, proteins, fats and resins 
[8]

. The percentage content of curcuminoids ranges 

between 3 to 5 % in most of the commonly available turmeric preparations. However, 

commercial CUR extract is reported to contain a ratio of three curcuminoids viz. 75-80% 

CUR, 15-20 % DMC and 3-5 % BDMC 
[9]

. Among the curcuminoids, CUR being the 

most abundant, potent and has been extensively explored for its pleiotropic activities. 

However, recent studies have indicated that DMC and BDMC also had similar and/or 

purportedly higher bioactive potential when compared to CUR 
[10]

. Furthermore, it is 

reported that a mixture of three curcuminoids (in a particular ratio) is more potent than 

individual curcuminoid thereby suggesting the possible synergistic effect 
[11]

. 
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Despite their promising bioactivities, use of curcuminoids by oral and parenteral route 

has been limited because of poor bioavailability owing to low aqueous solubility, rapid 

degradation at neutral-alkaline pH, extensive hepatic and intestinal metabolism, poor 

tissue absorption as well as rapid systemic clearance 
[12]

. To overcome these problems, 

different nanotechnology-based delivery systems including liposomes, solid lipid 

nanoparticles, nanoemulsions, micelles, and nanoparticles have been investigated 
[13]

. Out 

of many nanocarriers, novel lipid-based vesicular systems such as ethosomes and 

transferosomes are gaining researchers’ attention for topical and transdermal delivery of 

drug by virtue of their good penetration power and flexibility. These nanovesicles offer 

numerous advantages such as biodegradation, biocompatibility, capacity to entrap both 

hydrophilic and lipophilic compounds, protection from degradation, sustain the release of 

the drug into the systemic circulation, reduced toxicity, and enhanced bioavailability of 

the drug 
[14,15]

. Therefore, in the present work, we envisaged to develop curcuminoids 

encapsulated novel nanoformulations (ethosomes and transferosomes) in order to 

overcome the problems of curcuminoids.   

 

The success of nanoformulations as drug delivery systems depends upon their extensive 

characterization involving measurement of particle size, zeta potential, and encapsulation 

efficiency.  Accurate quantification of a drug encapsulated within the nanocarrier system 

is of great importance since it is the deciding factor that can be correlated to the desired 

therapeutic efficacy. Thus, we aimed to develop and validate a new analytical method for 

quantification of curcuminoids in nanovesicular systems formulated in this research 

work.  
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A variety of chromatographic (HPLC, LC/MS, HPTLC) and spectrophotometric (UV) 

methods have been described for the determination of individual and total curcuminoid 

content 
[16]

. Most of the RP-HPLC methods reported in the literature for quantification of 

curcuminoids had certain limitations such as high flow rates 
[17]

, long run times 
[18]

, 

complicated gradient elutions 
[19]

, buffer solutions in mobile phase 
[20]

 and high limits of 

detection 
[21]

. Besides, these methods are restricted for quantification of curcuminoids in 

one particular type of turmeric products
 [18],[22–24]

. In the case of nanoformulations, the 

methods reported so far have quantified only CUR without estimating the DMC and 

BDMC contents 
[25,26]

. Moreover, the reported spectrophotometric methods are 

ineffective to separate and quantify the individual curcuminoids from their mixture 
[27]

. 

Further, there are no reports on RP-HPLC method for effective quantification of 

curcuminoids in nanovesicular systems. Therefore, it was thought worthwhile to develop 

a single RP-HPLC method that can be used to analyze the curcuminoids (individual and 

total) in a wide variety of turmeric products. Based on these above facts, we herein report 

the development and validation (as per ICH guidelines) of a single robust RP-HPLC 

method for quantification of both individual and total curcuminoid content in various 

commercial turmeric products, ayurvedic medicines, and nanovesicular systems.  

 

EXPERIMENTAL 

Materials 

HPLC grade acetonitrile, methanol and formic acid were purchased from Fisher 

Scientific (Mumbai, India). Phospholipon
®
 90G (PL 90G) was obtained from Lipoid 



 

 6 

GmBH (Ludwigshafen, Germany). Sodium cholate hydrate was purchased from Sigma-

Aldrich (St. Louis, MO, USA). Ethanol absolute was purchased from SD Fine-Chem Ltd. 

(Mumbai, India). The standards of CUR (purity 99.3%), DMC (purity 97.5%), and 

BDMC (purity 99.36%) were provided by Sami Labs Limited (Bengaluru, India). 

Commercial turmeric extracts (>95% total curcuminoids) were obtained from Biomax 

Life Sciences Ltd. (BLSL, Hyderabad, India), Green Chem Herbal Extracts and 

Formulation (GCHEF, Bengaluru, India), Kancor Ingredients Ltd.(KIL, Kerala, India), 

Konark Herbals and Healthcare (KHH, Daman, India), Natural Remedies (NR, 

Bengaluru, India) and Sami Labs Limited (SLL, Bengaluru, India). The traditional 

ayurvedic medicines and commercial turmeric powders were purchased from the local 

ayurvedic store and healthcare shops, Belagavi, India. All other chemicals and reagents 

were of analytical grade.  

 

Instrumentation 

The chromatographic system consisted of Shimadzu Prominence HPLC system (Kyoto, 

Japan) equipped with a LC-20AD pump, SPD-M20A photodiode array detector, DGU-

20A5 online degasser, SIL-20AC HT autosampler, Rheodyne injection value with 20µL 

loop and CTO-10ASVP column oven. Shimadzu LC solution software (version 1.25) was 

used for data acquisition and analysis.  

 

Chromatographic Conditions 

The chromatographic separation of the three curcuminoids was carried out using a Luna 

C18(2) column (150 x 4.6 mm i.d., 5µm particle size, Phenomenex, CA, USA) equipped 
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with security guard column C18 (ODS; 4 x 3.0 mm ID, Phenomenex, CA, USA). The 

mobile phase consisting of a mixture of acetonitrile and 0.1% formic acid in the ratio of 

50:50 (v/v) with the flow rate of 0.8 mL min
-1

 was used. The column temperature was 

maintained at 40 °C and detection wavelength was set at 425 nm. The mobile phase was 

filtered through 0.45 µm Millex HV
®
 hydrophilic PVDF membrane filters (Millipore, 

Bedford, USA) and degassed prior to use. The injection volume was 10 µL and 

chromatographic run time was set to stop at 12 min. The column was equilibrated with 

mobile phase for 60 min prior to injecting the standards and samples.  

 

Preparation Of Standard Solutions  

The methanolic stock solutions of each standard CUR, DMC and BDMC were prepared 

to obtain a concentration of 1000, 400 and 50 µg mL
-1

 respectively. Working standard 

solutions were prepared by diluting the aliquots of  each stock solution with the mobile 

phase to obtain concentrations of 10, 20, 30, 40, 50 and 60 µg mL
-1 

for CUR, 4, 8, 12, 16, 

20 and 24 µg mL
-1 

for DMC and 0.5, 1, 1.5, 2, 2.5 and 3 µg mL
-1 

for BDMC. All stock 

and working solutions were protected from light using amber colored volumetric flask 

and stored at 4 °C prior to HPLC analysis.  

 

Validation Studies 

The developed HPLC method was validated in accordance with International Conference 

on Harmonization (ICH) guidelines for various parameters such as the system suitability, 

linearity, precision, accuracy, specificity, limit of detection (LOD), limit of quantification 

(LOQ) and robustness 
[28]

. System suitability tests were performed by injecting six 
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replicates of standard solutions of curcuminoids and determining the number of 

theoretical plates, tailing factor and percent relative standard deviation (% RSD) of 

retention time and peak area. Linearity was evaluated by determination of slope, y-

intercept and correlation coefficient using the least square regression analysis. Calibration 

curves were obtained from the different concentrations of CUR, DMC and BDMC 

analyzed in triplicates. Precision was evaluated by determining the repeatability of three 

different standard solutions six times on the same day (intraday) and by intermediate 

precision analyzing the same three standard solutions three times on three consecutive 

days (inter day). Accuracy was tested by calculating the percent recoveries of mean 

concentrations of curcuminoids at three different concentration levels and then 

determining the %RSD. Specificity was assessed by comparing the representative 

chromatograms of nanovesicular systems with or without curcuminoids to check any 

possible interference by the excipients used. LOD and LOQ were calculated based upon 

the signal to noise ratio (S/N, LOD 3:1 and LOQ 10:1) respectively, by injecting a series 

of dilute solutions of standard curcuminoids with known concentration. The robustness 

was evaluated by deliberately altering the optimized chromatographic conditions such as 

flow rate, the temperature of the column and proportions of the mobile phase.  

 

Analysis Of Commercial Turmeric Extracts And Turmeric Powders 

Turmeric extract and turmeric powder samples of 10.0 mg were accurately weighed and 

transferred to individual 10 mL amber colored volumetric flask containing and treated 

with 5 mL of methanol. The methanolic solution was vortex mixed and further sonicated 

for 10 min to ensure the complete extraction of curcuminoids. The volume was made up 
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with methanol and mixed. The solution was filtered through 0.25µm membrane disc 

filters. Following filtration, turmeric powder samples (filtrate) were injected as such into 

HPLC system whereas commercial turmeric extract samples (filtrates) were further 

diluted with the mobile phase prior to HPLC injection. 

 

Analysis Of Ayurvedic Medicines 

Twenty tablets were accurately weighed and ground to a fine powder using the mortar 

and pestle. 10.0 mg of fine powder was placed into 10 mL amber colored volumetric 

flask and subjected to the same procedure as described previously in the analysis of 

commercial turmeric extracts. In the case of ayurvedic capsules containing turmeric 

powder, 20 capsules were weighed and their contents were removed and mixed 

thoroughly. 10.0 mg of the powder was weighed accurately and subjected to the same 

procedure as mentioned in the analysis of commercial turmeric extracts. For ayurvedic 

granules, 100.0 mg of the granules were properly ground to a fine powder using mortar 

and pestle. 10.0 mg of the powdered granules were transferred to amber colored 

volumetric flask and performed the similar procedure described in the analysis of 

commercial turmeric extracts.  

 

Preparation Of Curcuminoids Loaded Ethosomes And Transferosomes 

Curcuminoids loaded ethosomes and transferosomes were prepared by thin film 

hydration technique 
[29]

. Accurately weighed quantities of curcuminoids extract, 

phospholipon 90G and sodium cholate (in the case of transferosomes) were dissolved in a 

mixture of chloroform and methanol (2:1, v/v) in amber colored round bottom flask. The 
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solvent mixture was evaporated at 60 °C and 60 rpm under pressure using a rotary 

evaporator to obtain a thin film on the walls of the flask. After complete evaporation of 

the solvents, the flask was kept under vacuum for overnight to remove the residual 

organic solvents completely. The obtained lipid film was hydrated either with phosphate 

buffer pH 6.4 (transferosomes) or with ethanolic phosphate buffer pH 6.4 (ethosomes) by 

rotation at 60 rpm for 1hr at a corresponding temperature (60 °C for transferosomes and 

room temperature for ethosomes). The resulting suspension was allowed to stand for 1hr 

at room temperature for complete hydration to get large multilamellar vesicles (LMLVs). 

LMLV were probe sonicated for 5 min (ethosomes) and 2 min (transferosomes) at 4 °C 

using ultrasonic sonicator to get smaller vesicles. The sonicated vesicles were extruded 

through 0.45 µm and 0.2 µm sterile syringe filters (Minisart, Sartorius, AG, Germany) to 

get uniform sized vesicles, which were stored at about 4 °C  for further studies.  

 

Characterization Of Nanovesicular Systems 

The vesicle size, size distribution and zeta potential of the prepared nanovesicular 

systems were determined by dynamic light scattering (DLS) technique using Zetasizer 

Nano ZS equipped with 4mm helium-neon laser at a detection angle of 173°. All the 

samples were diluted with an appropriate amount of milli-Q water and measurements 

were carried out at 25 °C. Transmission electron microscope (TEM) was used as an 

imaging tool to study the morphology of the nanovesicles. A drop of diluted sample was 

placed on the surface of the carbon-coated copper grid and it was negatively stained with 

an aqueous solution of phosphotungstic acid (1% w/v). The grid was allowed to air dry 
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thoroughly and samples were observed under TEM at 40,000x magnification using an 

accelerating voltage of 100 kV. 

 

Determination Of Curcuminoids Encapsulation Efficiency (EE) 

The content of curcuminoids entrapped within the nanovesicular systems was determined 

by using ultracentrifugation method 
[30]

. Briefly, the vesicular suspension was transferred 

into centrifuge tubes and centrifuged at 40,000 rpm for 3hr at 4 °C. The supernatant 

containing free curcuminoids was separated from the pellet, diluted suitably with the 

mobile phase and injected into HPLC system for the analysis of curcuminoids content. 

The total curcuminoids content of the prepared nanovesicular system was determined by 

dissolving the vesicular suspension in methanol and subjecting it to sonication for 10 min 

followed by filtration through 0.45 µm syringe filters. The resulting solution was diluted 

with mobile phase and analyzed by HPLC. The percentage encapsulation efficiency (EE) 

was calculated by using the following equation  

EE %  T S / T  100   

Where T is the total amount of curcuminoids in vesicular suspension; S is the content of 

curcuminoids present only in supernatant and T-S is amount of curcuminoids entrapped 

within the nanovesicles 

 

Statistical Analysis 

The analysis of curcuminoids in various turmeric products was determined in triplicates 

and data was expressed as mean ± SD. Statistical analysis was performed by one-way 

analysis of variance (ANOVA) with Newman-Keuls multiple comparison tests as post 
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hoc test (P < 0.05)  using GraphPad Prism software (version 5.01; GraphPad software, 

Inc. CA, USA). Microsoft Excel was used to calculate mean, standard deviation (SD), 

correlation coefficient and percentage relative standard deviation (%RSD).   

 

RESULTS AND DISCUSSION 

Optimization Of Chromatographic Conditions 

A new and robust RP-HPLC method has been developed for the determination of both 

individual and total curcuminoids in commercial turmeric products, ayurvedic medicines, 

and formulated nanovesicular systems. The developed RP-HPLC method was optimized 

by changing various parameters such as column type, the composition of mobile phase, 

flow rate and column oven temperature in order to obtain sharp and symmetrical peaks 

with excellent baseline separation. Two different chromatographic columns Shiseido C18 

(250 x 4.6 mm i.d., 5µm) and Luna C18(2) column (150 x 4.6 mm i.d., 5µm) were tried 

as the stationary phase. Luna C18 column produced chromatograms with sharp peaks and 

shorter retention time for curcuminoids compared to Shiseido C18 column. The detection 

wavelength was set at 425 nm where all the three curcuminoids almost had maximum 

absorption.  

 

Initially, methanol and water in different proportions were tried; however, curcuminoids 

were poorly resolved, and therefore methanol was replaced with acetonitrile. When 

acetonitrile and water were used in 50:50 v/v ratios, curcuminoids were well resolved but 

the peaks were broader because of tailing. The addition of 0.1 % formic acid in water 

resulted in sharp and well-defined peaks. Further increase or decrease in the 
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concentration of formic acid did not significantly improve the peak shape. The 

temperature of the column has a significant effect on the peak shape and retention time of 

the curcuminoids. Due to this reason, the temperature of the column was optimized by 

testing different temperatures (20 °C to 40 °C). The optimized temperature was selected 

as 40 °C due to the better peak shape and shorter retention time. In order to obtain the 

better separation and acceptable retention time for the three curcuminoids, the flow rates 

of the mobile phases were varied between 0.8 mL min
-1

 and 1.0 mL min
-1

. The slower 

flow rate (0.8 mL min
-1

) resulted in peaks with adequate separation and suitable retention 

time. Finally, the developed RP-HPLC method was optimised and chromatographic 

separation of curcuminoids was carried out on Luna C18 column using a mixture of 0.1 

% formic acid in water and acetonitrile (50:50 v/v) with a flow rate of 0.8 mL min
-1

, 

maintaining the column temperature at 40 °C and detection at 425 nm. The typical 

chromatograms of standard CUR, DMC, BDMC and commercial turmeric extract are 

shown in Fig. 1. The retention times of BDMC, DMC and CUR were 7.37, 8.24 and 9.18 

min respectively. Similar retention times were observed for curcuminoids in the 

commercial turmeric extract. From the Fig. 1d, it was evident that all the three 

curcuminoids displayed clear baseline separation with excellent peak shape and less 

tailing.  

 

Method Validation  

Analytical method validation is performed to ensure that the developed method is reliable 

and adequate for its intended purpose. The optimized chromatographic conditions were 

validated in accordance with ICH guidelines as stated in validation studies section.  
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System Suitability  

System suitability test is an integral part of the method development and has been used to 

ensure that the chosen chromatographic system is working correctly during the analysis. 

The system suitability parameters along with their acceptance criteria are summarized in 

Table 1. The efficiency of the chromatographic column is expressed in terms of the 

number of theoretical plates (N). The number of theoretical plates (N) for CUR, DMC 

and BDMC were found to be 12401, 11700 and 11133 thus exhibiting the good column 

efficiency (N>2000). The tailing factors (T) for CUR, DMC, and BDMC were 1.06, 1.09 

and 1.10 indicating symmetry of all peaks (T<2). The % RSD of the retention time and 

peak area was within 1%, indicating the reproducibility and repeatability of the 

chromatographic system (% RSD<1). The resolution (Rs) between CUR and DMC and 

between DMC and BDMC was 3.05 and 3.16 demonstrating a great degree of peak 

separation (Rs>2.0). All the tested parameters were within recommended limits indicating 

the suitability of the chromatographic system for further validation and sample analysis.  

 

Linearity 

Linearity is the ability of the analytical method to obtain test results that are directly 

proportional to the concentration of the analyte in the sample. The peak areas of the 

curcuminoids were plotted against their respective concentrations and subjected to the 

least square regression analysis to calculate the calibration equations and correlation 

coefficients.  The calibration curves for CUR, DMC and BDMC were linear over the 

tested concentration range of 10 – 60 µg mL
-1

 for CUR, 4 – 24 µg mL
-1

 for DMC and 0.5 
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– 3.0 µg mL
-1

 BDMC. The regression equations for CUR, DMC and BDMC were y = 

93191(±466.78) x-188794 (±29206.06), y = 95773 (±879.30) x-66144(±19177.27) and y 

= 120134(±322.14) x-6386(±2230.25) respectively. The correlation coefficient’s values 

for all three curcuminoids were greater than 0.999 suggesting excellent correlation and 

good linearity for the developed method. An ANOVA statistical analysis was performed 

by comparing the ratio of the peak areas versus the concentrations of each tested standard 

and no significant differences were found (p = 0.9966, 9992 and 0.9967 for CUR, DMC 

and BDMC respectively), indicating that the method was linear within the tested 

concentration range. 

 

Precision 

The precision of analytical method indicates the closeness of agreement between a series 

of measurements obtained from multiple samplings of the same sample under the similar 

analytical conditions. The results of intra-day and inter-day precision expressed in terms 

of %RSD for the determination of CUR, DMC and BDMC are presented in Table 2. The 

% RSD values for intra-day precision ranged from 0.84-1.77% for CUR, 0.99-1.47% for 

DMC and 0.83-1.12% for BDMC respectively, and those for inter-day precision were 

ranged between 0.02-1.67%, 0.03-1.94%, and 0.43-1.83% respectively. % RSD values in 

both cases were lower than 2% indicating the high precision of the developed method.   

 

Accuracy 

Recovery studies are carried out to measure how close the experimental value is to the 

true value or an accepted reference value. Recovery studies were performed by spiking 
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pre-analysed commercial turmeric extracts with known concentrations of CUR, DMC 

and BDMC standards at three different levels (high, middle and low) and the mean 

percentage recoveries along with their % RSD are summarized in Table 3. The mean 

percentage recoveries obtained for CUR, DMC and BDMC were ranged between 99.14-

101.75, 101.56-101.88 and 101.21-102.29 respectively. The percentage recoveries for the 

three curcuminoids were in the range of 99.14 to 102.29 % with < 1 %RSD, thereby 

indicating the low variability and a strong agreement between experimental and true 

values. 

 

Specificity 

Specificity is the ability of the analytical method to measure the analyte of interest in the 

presence of other components such as impurities, degradants, excipient and matrix 

components, which may be expected to present in the sample mixture. The specificity 

parameter of the developed method is illustrated in Fig. 2. No peak at the retention time 

of CUR, DMC and BDMC was observed in the chromatograms of blank ethosomes and 

transferosomes (Fig. 2a and b) which indicate that there was no interference from the 

formulation ingredients used for the preparation of nanovesicular systems. The specificity 

of the method was also investigated by confirming the peaks purity using a photodiode 

array detector. The peak purity was observed for all three curcuminoids (Fig. 3) 

encapsulated within the ethosomes and transferosomes. The peak purity index was found 

to be greater (>0.999999) than the peak purity threshold which indicates that the peaks of 

CUR, DMC and BDMC were pure and there was no interference from the excipients. 
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These findings confirm the good specificity of the developed method for quantitative 

estimation of all three curcuminoids.  

 

Limit Of Detection And Limit Of Quantification 

Limit of detection (LOD) is defined as the lowest concentration of analyte that provides a 

signal-to-noise ratio of 3:1, and limit of quantification (LOQ) is the lowest concentration 

of analyte resulting in the signal-to-noise ratio of 10:1. The LOD and LOQ were found to 

be 7.40 and 24.7 ng mL
-1

 for CUR, 9.24 and 30.8 ng mL
-1

 for DMC and 6.48 and 21.61 

ng mL
-1

 for BDMC respectively.  The low values of LOD and LOQ indicate that 

developed method was sufficiently sensitive to be used for determination of 

encapsulation efficiency of curcuminoids in nanovesicular system.  

 

Robustness 

Robustness is the measure of method’s capacity to remain unaffected by the small 

deliberate changes in the chromatographic condition and to provide an indication of its 

reliability during the normal usage. The robustness of the developed RP-HPLC method 

was evaluated based on the % RSD values and system suitability parameters obtained 

after introducing deliberate changes in the flow rate (± 0.2 mL min
-1

), mobile phase 

composition (± 2%), column temperature (± 5 °C), and wavelength (± 5 nm). The results 

of robustness data are represented in Table 4. It was observed that the % RSD values (<1) 

and system suitability parameters (Theoretical plate, N > 2000; Tailing factor, T < 2) 

remained unaffected and were well within the acceptance criteria, which confirm the 

robustness of the developed method. 
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Applicability Of HPLC Method 

The developed RP-HPLC method was applied to quantify both individual and total 

curcuminoids content in commercial curcumin extracts, turmeric powders, and ayurvedic 

medicines. The chromatograms of the curcuminoids are depicted in Fig. 4 and results are 

summarized in Table 5. Amongst the six commercial turmeric extracts, it was noticed 

that the percentage of individual and total curcuminoids content varied significantly. The 

percentage of CUR, DMC, BDMC and total curcuminoids content in commercial 

turmeric extracts (% w/w) ranged between 69.82- 86.79, 8.33- 20.91, 0.30-3.76 and 

85.55-99.30, respectively. KIL extract contained highest total curcuminoids content 

(99.30%), whereas KHHC extract contained the highest amount of CUR (86.79%) (Table 

5a). In case of turmeric powders, Everest brand contained highest amount of individual 

(CUR; 25.81 ± 0.085 mg g 
-1

, DMC; 9.97 ± 0.036 mg g 
-1 

and BDMC; 5.97 ± 0.018 mg g 

-1
) and total curcuminoid content (41.76 ± 0.140 mg g 

-1
), whereas More Choice turmeric 

powder contained the lowest amount of total curcuminoid content (27.25 ± 0.028 mg g 
-1

) 

(Table 5b). Since the quality of turmeric products depends upon the content of 

curcuminoids present in the sample, Everest brand was considered to be best among all 

the commercially tested turmeric powders. The difference in curcuminoid content in 

various turmeric extract and turmeric powder may be due to the use of turmeric from 

different varieties, sources, locations, and cultivation conditions. Further, the yield of 

curcuminoids may vary with diverse extraction techniques such as hydro distillation, 

soxhlet extraction, maceration, supercritical fluid extraction (SFE) using CO2, with 

different solvents 
[31]

. 
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In the case of ayurvedic medicines, the contents of individual and total curcuminoid 

contents also varied remarkably (Table 5c); 3.54- 23.50 mg g 
-1 

for CUR, 1.28-8.70 mg g 

-1
 for DMC, 0.50-5.08 mg g 

-1 
for BDMC and 5.80-37.29 mg g 

-1 
for total curcuminoids. 

The highest curcuminoid content (both individual and total) was found in Haridra brand 

and lowest amount was found in Haridra Khand (BRI.). In all the samples, CUR was 

found in the highest amount followed by DMC and BDMC. The determination of 

individual and total curcuminoid content is critically important to understand the 

difference in the quality and bioactivity of turmeric based products. Therefore, the 

developed RP-HPLC chromatographic method could be very effective and used for the 

quality control of various commercially available turmeric products and ayurvedic 

medicines containing curcuminoids. 

 

Characterization Of Nanovesicular Systems 

The curcuminoids loaded nanovesicular systems (ethosomes and transferosomes) were 

successfully prepared by thin film hydration technique. The characteristics of the 

prepared nanovesicular systems are highlighted in Table 6. The particle size was found to 

be 220 ± 2.1nm for ethosomes and 176 ± 1.8 nm for transferosomes respectively, 

indicating that vesicles were in nano size range.  The polydispersity index (PDI) is a 

parameter used to describe the size distribution width of nanovesicular systems.  The low 

PDI values (PDI < 0.3) indicate the narrow size distribution and correspond to the 

monodispersed particles.  The PDI values were in the range of 0.25 – 0.26 for ethosomes 

and transferosomes, suggesting homogeneous size distribution of vesicles in both 
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formulations (Fig.5A and B). Zeta potential ((ZP) is a key indicator for predicting the 

vesicle stability. Higher ZP values, either positive (+) or negative (-) reflect the better 

stability of nanovesicular systems. The zeta potential value of curcuminoids loaded 

ethosomes was – 9.13 ± 2.10, while – 23.4 ± 5.60 mV for transferosomes. These results 

evidently demonstrate a moderate degree of stability for both nanoformulations. Further, 

the higher ZP value of transferosomes may be due to the presence of sodium cholate, an 

anionic surfactant used in its formulation to impart elasticity to the vesicle membrane. 

The morphological analysis by TEM displayed small and spherical shaped vesicular 

structures (Fig.5c and d).  

 

Drug encapsulation within the vesicular system is a significant parameter that assesses 

the delivery potential of the nanosystem. The established RP-HPLC method was applied 

to quantify curcuminoids encapsulated within the developed nanovesicular systems. The 

mean encapsulation efficiencies for CUR (91.71 ± 2.14%, 96.59 ± 2.53%), DMC (89.15 

± 1.21%, 95.47 ± 1.26%) and BDMC (84.33 ± 3.50%, 94.56 ± 3.55%) in both ethosomes 

and transferosomes respectively (Table 6). The higher encapsulation efficiency of 

curcuminoids in transferosomes may be due to the addition of sodium cholate in the 

vesicle, which increased the solubility of curcuminoids thereby significantly increasing 

the concentration of curcuminoids in the formulation. These experimental results were in 

agreement with previous studies, which reported the high encapsulation values of 

transferosomes in comparison with other vesicular systems 
[32]

. The high encapsulation 

efficiency values obtained in the present study clearly confirmed that ethosomes and 
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transferosomes could emerge as potential nanocarriers for transdermal delivery of 

curcuminoids.  

 

Comparison With Previous Published Methods  

The new developed and validated RP-HPLC method in the current study was further 

compared with the previously reported methods. The comparison was carried out to 

distinguish the mobile phase, flow rate, run time, detection limits, peak shapes and 

method applicability. The comparison data presented in Table S1(Supplemental file) 

meticulously revealed that the most of earlier methods were based on complicated 

gradient elution 
[17–19],[22,23]

 which makes analysis very difficult. Further, there are 

baseline errors in gradient elution and requires longer time due to the column (re) 

equilibration after each run. Some methods have reported the use of three solvents 

[24],[33,34]
 as a mobile phase which is considered to be uneconomical and in some 

instances, buffers 
[20]

 have been employed as mobile phase, which may damage the 

HPLC equipment and the column. Further, utilization of phosphate, TRIS and HEPES 

buffers as mobile phase may not be successful in LC-MS due to the presence of salts 

(NaCl, phosphate and citrate) which effectively suppresses the sample signal yielding 

blank spectrum. Besides, most of the reported methods have used higher flow rate (1.5-

2.5 mL min
-1

) 
[17],[24],[35,36]

, which consumes large volumes of expensive HPLC grade 

solvents. It is also observed in some of the methods that the time of analysis was quite 

long as their retention time was ranged over 11- 28 min 
[18],[34],[37,38]

, which make the 

method costly. The detection limits were either missing 
[39,40]

 or too high 
[21]

. It was also 

noticed that there was no complete separation of peaks 
[22]

 with poor peak shape and peak 
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tailing 
[41]

. Furthermore, few of earlier reported methods have not provided the complete 

validation data 
[22],[42]

. In addition, most of the reported methods have analyzed the 

curcuminoids content only in one particular type of turmeric product.  In the contrary, our 

developed RP-HPLC method is more advantageous than the so far reported methods 

because of following reasons. This analytical method has produced sharp and well-

resolved peaks of individual curcuminoids with good baseline separation. In the present 

study, we selected the simple yet effective mobile phase (acetonitrile and 0.1 % formic 

acid; 50:50 v/v), which can be even extended to LC-MS. Formic acid is most suitable 

additive in many LC-MS methods due to its volatile nature and easy solubility in 

acetonitrile and methanol. In addition to this, the usage of formic acid (0.1 %) in water 

(pH=2.7) did not affect the working efficiency of Phenomenex Luna C18 (2) column due 

to its wide pH stability from 1.5-10. Moreover, our developed method could be 

considered as more economical because of the reduced elution time and the low flow rate 

(0.8 mL min
-1

), which decreases the consumption of costly solvents.  Another major 

advantage of this RP-HPLC method is that the same method can be applied for 

quantification of curcuminoids (individual and total) contents in various commercial 

turmeric products, including ayurvedic medicines and nanovesicular systems.  

 

CONCLUSION 

In summary, we herein report, the strategically developed and ICH validated RP-HPLC 

method for effective quantification of curcuminoids content in various commercial 

turmeric extracts, ayurvedic medicines, and newly developed nanovesicular systems. All 

the validation parameters were within the acceptable limits as specified in ICH 
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guidelines. To the best of our knowledge, we are the first to report this single robust RP-

HPLC method that can be applied for accurate quantification of individual and total 

curcuminoids in a wide variety of turmeric products in less than 10 min. The results of 

the current study indicated that the individual and total curcuminoids content was 

significantly varied in commercial turmeric products and ayurvedic medicines. In 

addition, this method has adequately quantified the encapsulated curcuminoids in the 

nanovesicular systems such as ethosomes and transferosomes. In conclusion, the 

developed method can provide valuable information for the quality control of products 

containing turmeric and could assist the consumers in selecting the products with the 

highest content of curcuminoids.  
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Table 1 System suitability test parameters (n = 6) 

Parameter 
*
 CUR (30 µg/ 

mL) 

DMC (12 

µg/mL) 

BDMC (1.5 

µg/mL) 

Acceptance 

criteria 

Retention time (tR, 

min) 

9.18 ± 0.006 8.27 ± 0.023 7.36 ± 0.005 - 

RSD % of retention 

time 

0.071 0.288 0.079 < 1 for n≥ 5 

Peak area 2535909 ± 

15614 

969266 ± 

2526 

171440 ± 1260 - 

RSD % of peak 

area 

0.61 0.260 0.735 < 1 for n≥ 5 

Theoretical plates 

(N) 

12401 ± 18.32 11700 ± 

22.40 

11133 ± 6.39 > 2000 

Tailing factor (T) 1.064 ± 0.000 1.094 ± 0.000 1.10 ± 0.004 ≤ 2.0 

Resolution (Rs) 3.05 ± 0.003 3.16 ± 0.001 - > 2.0 

* mean values ± standard deviation (SD);  n = number of replicates 



 

 31 

Table 2 Intraday and interday precision of curcuminoids  

Compound Content 

(µg/mL) 

Intraday (n = 

6) 

Inter day (n = 3) 

Day 1 Day 2 Day 3 

Found 

(µg/mL) 

% 

RSD 

Found 

(µg/mL) 

% 

RSD 

Found 

(µg/mL) 

% 

RSD 

Found 

(µg/mL) 

% 

RSD 

CUR 10.00 10.25 1.77 10.27 0.98 10.19 0.69 10.31 0.49 

30.00 29.83 0.84 30.49 1.65 29.40 0.97 29.54 0.02 

60.00 59.75 0.90 59.93 1.09 59.57 0.76 59.82 0.72 

DMC 4.00 3.90 1.39 3.92 1.61 4.17 0.64 4.11 1.90 

12.00 11.53 1.47 11.60 1.94 12.18 0.10 12.23 0.03 

24.00 23.54 1.24 23.66 1.71 24.37 0.17 25.11 0.24 

BDMC 0.50 0.48 0.99 0.48 0.43 0.48 1.04 0.48 1.83 

1.50 1.47 0.83 1.47 1.01 1.50 1.20 1.52 0.46 

3.00 2.99 1.12 2.99 1.52 3.00 0.29 3.10 0.45 

n = number of replicates; 

RSD = relative standard deviation 
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Table 3 Recovery studies of curcuminoids (n = 3) 

Compound Contents 

(µg/mL) 

Quantity 

added (µg) 

Theoretical 

amount (µg) 

Recovered 

amount (µg) 

Recovery 

(%) 

RSD 

% 

CUR 9.84 6.50 16.34 16.20 99.14 0.21 

9.84 10.21 20.05 20.08 100.14 0.06 

9.84 15.30 25.14 25.58 101.75 0.06 

DMC 5.60 3.16 8.76 8.90 101.66 0.05 

5.60 5.93 11.53 11.71 101.56 0.15 

5.60 8.26 13.86 14.12 101.88 0.06 

BDMC 0.93 0.53 1.46 1.48 101.40 0.50 

0.93 1.01 1.94 1.96 101.21 0.17 

0.93 1.52 2.45 2.50 102.29 0.33 

n = number of replicates; 

RSD = relative standard deviation 
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Table 4 Results of robustness study (n = 6) 

Parame

ter 

Modifi

cation 

Observed value 

% RSD of 

peak area 

% RSD of 

retention time 

Theoretical 

plate(N) 

Tailing factor 

(T) 

C

U

R 

D

M

C 

BD

MC 

C

U

R 

D

M

C 

BD

MC 

CU

R 

D

M

C 

BD

MC 

C

U

R 

D

M

C 

BD

MC 

Flow 

rate 

0.6 

mL/mi

n 

0.0

7 

0.1

8 

0.44 0.1

5 

0.0

7 

0.09 136

63 

131

55 

127

45 

1.0

6 

1.0

8 

1.10 

Optimi

zed 

0.6

1 

0.1

7 

0.73 0.0

7 

0.2

6 

0.07 124

01 

117

02 

111

34 

1.0

6 

1.0

9 

1.11 

1.0 

mL/mi

n 

0.9

9 

0.4

3 

0.29 0.2

1 

0.0

9 

0.05 111

96 

106

78 

101

72 

1.0

7 

1.0

8 

1.11 

Mobile 

phase 

compo

sition 

48% 

ACN 

0.1

4 

0.2

0 

0.15 0.0

8 

0.0

4 

0.05 130

83 

126

44 

121

70 

1.0

5 

1.0

7 

1.09 

Optimi

zed 

0.6

1 

0.1

7 

0.73 0.0

7 

0.2

6 

0.07 124

01 

117

02 

111

34 

1.0

6 

1.0

9 

1.11 

52% 

ACN 

0.1

1 

0.0

9 

0.20 0.0

7 

0.0

9 

0.12 119

38 

113

66 

107

17 

1.0

7 

1.1

0 

1.13 

Colum

n 

35 °C 0.1

2 

0.6

0 

0.18 0.3

7 

0.1

0 

0.05 124

27 

118

69 

114

64 

1.0

6 

1.0

8 

1.11 
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temper

ature 

Optimi

zed 

0.6

1 

0.1

7 

0.73 0.0

7 

0.2

6 

0.07 124

01 

117

02 

111

34 

1.0

6 

1.0

9 

1.11 

45 °C 0.1

6 

0.2

2 

0.33 0.1

9 

0.1

2 

0.53 121

99 

106

79 

113

07 

1.0

6 

1.1

0 

1.12 

Wave 

length 

420 nm 0.6

1 

0.1

5 

0.74 0.0

7 

0.2

6 

0.08 124

07 

117

04 

111

32 

1.0

6 

1.0

9 

1.11 

Optimi

zed 

0.6

1 

0.1

7 

0.73 0.0

7 

0.2

6 

0.07 124

01 

117

02 

111

34 

1.0

6 

1.0

9 

1.11 

430 nm 0.6

2 

0.1

6 

0.77 0.0

7 

0.2

6 

0.08 123

97 

116

98 

111

37 

1.0

6 

1.0

9 

1.11 

n = number of replicates; 

RSD = relative standard deviation 
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Table 5 Determination of individual and total curcuminoids content in various turmeric 

products (a) commercial turmeric extracts (b) turmeric powders and (c) ayurvedic 

medicines 

(a) 

Company code, batch 

number/Lot No. 

Percentage content (w/w)
a
 

CUR DMC BDMC Total 

BLSL-B130640 76.39 ± 0.692 15.82 ± 0.143 2.10 ± 0.023 94.33 ± 0.859 

GCHEF 69.82 ± 0.325 14.13 ± 0.067 1.56 ± 0.010 85.53 ± 0.403 

KIL-TUP31109 74.79 ± 0.298 20.91 ± 0.085 3.59 ± 0.022 99.30 ± 0.406 

KHHC-KH/CL/029/13-14 86.79 ± 0.441 8.33 ± 0.041 0.30 ± 0.002 95.43 ± 0.485 

NR-PC/CL/08 Lot 01 74.18 ± 0.376 19.55 ± 0.288 3.76 ± 0.070 97.51 ± 0.735 

SLL-C130918 76.53 ± 0.024 18.82 ± 0.008 1.75 ± 0.006 97.10 ± 0.039 

(b)   1.76   

Brand name, batch number/Lot 

No. 

Curcuminoid 

content (mg g
-1

)
a
 

 1.77   

 CUR DMC BDMC Total 

Aachi - RE 10 21.45 ± 0.055 7.17 ± 0.012 4.66 ± 0.012 33.29 ± 0.080 

Best Farms - ARF050802 24.73 ± 0.108 9.21 ± 0.039 5.45 ± 0.021 39.40 ± 0.170 

Catch - 422 3COJ06-89 22.27 ± 0.108 7.31 ± 0.034 4.64 ± 0.027 34.23 ± 0.169 

Eastern - RA50043 15.40 ± 0.064 5.32 ± 0.018 3.22 ± 0.019 23.95 ± 0.102 

Everest - N 3683 25.81 ± 0.085 9.97 ± 0.036 5.97 ± 0.018 41.76 ± 0.140 

Good life - ARF073126 25.71 ± 0.100 9.63 ± 0.037 5.85 ± 0.024 41.21 ± 0.163 

More Choice - 1068 17.18 ± 0.014 6.40 ± 0.006 3.67 ± 0.006 27.25 ± 0.028 
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MTR - M15K28A 21.65 ± 0.053 8.28 ± 0.021 5.26 ± 0.014 35.20 ± 0.089 

Sakthi - TUR1COCXV 21.87 ± 0.038 7.39 ± 0.014 4.43 ± 0.007 33.70 ± 0.060 

(c)     

Brand name, batch number/Lot 

No. 

Curcuminoid 

content (mg g
-1

)
a
 

   

 CUR DMC BDMC Total 

Dhatri-Nisha - A-05 14.68 ± 0.048 5.17 ± 0.016 3.05 ± 0.018 22.91 ± 0.083 

Haridra - 22400120 23.50 ± 0.051 8.70 ± 0.017 5.08 ± 0.010 37.29 ± 0.079 

Haridra Ghana - CP 1405 13.71 ± 0.019 2.61 ± 0.001 0.72 ± 0.001 13.71 ± 0.021 

Haridra Khand (BRI.) -140568 3.54 ± 0.064 1.45 ± 0.001 0.79 ± 0.001 5.80 ± 0.005 

S.P. Haridrakhand - HK-22 5.30 ± 0.007 1.28 ± 0.002 0.50 ± 0.001 7.09 ± 0.010 

a
Values are mean ± SD of three independent measurement 
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Table 6 Characteristics of curcuminoids loaded ethosomes and transferosomes 

Formulation Diameter 

(nm) 

PDI
a
 Zeta Potential 

(mV) 

%EE
b
 

CUR DMC BDMC 

Ethosomes 220 ± 2.10 0.25 ± 0.05 – 9.13 ± 2.10 91.71 ± 

2.14 

89.15 ± 

1.21 

84.33 ± 

3.50 

Transferosomes 176 ± 1.80 0.26 ± 0.06 – 23.40 ± 5.60 96.59 ± 

2.53 

95.47 ± 

1.26 

94.56 ± 

3.55 

All values are mean ± SD; n=3 

a 
Polydispersity index 

b
 Percent entrapment efficiency 
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Figure 1. HPLC chromatograms of (a) pure curcumin, (b) pure demethoxycurcumin, (c) 

pure demethoxycurcumin and (d) commercial turmeric extract 
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Figure 2. HPLC chromatograms of (a) blank ethosomes, (b) blank transferosomes and 

curcuminoids loaded ethosomes (c) and transferosomes (d) 
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Figure 3. Peak purity plots of CUR (a and d), DMC (b and e) and BDMC (c and f) 

encapsulated in ethosomes and transferosomes respectively 

 



 

 41 

Figure 4. HPLC chromatograms of curcuminoids in (a) commercial turmeric extracts; (i) 

BLSL (ii) GCHEF, (iii) KIL, (iv) KHHC, (v) NR, (vi) SLL, (b) turmeric powders; (i) 

Aachi, (ii) Best Farms, (iii) Catch, (iv) Eastern (v) Everest, (vi) Good life, (vii) More 

Choice, (viii) MTR, (ix) Sakthi, (c) ayurvedic medicines; (i) Dhatri-Nisha), (ii) Haridra, 

(iii) Haridra Ghana (iv) Haridra Khand (BRI.), (v) S.P. Haridrakhand, (d) nanovesicular 

formulations; (i) ethosomes, (ii) transferosomes  
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Figure 5. Particle size distribution profile and TEM images of curcuminoids loaded 

ethosomes (a and c) and transferosomes (b and d) 
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ABSTRACT
Objective: To study the pharmacognostic characters and phytochemical investigation of me-
dicinally important crude drug, Uvaria narum (Dunal) Wall. Ex Wight (Annonaceae) Methods: 
Organoleptic characters, microscopic evaluation, leaf constants, quantitative physico-chem-
ical evaluations (Ash value, extractive value, moisture content), preliminary phytochemical 
screening, quantitative estimation of total phenolic and flavonoid content in alcoholic and 
aqueous extract of Uvaria narum and HPTLC fingerprinting profile were studies on leaves 
of Uvaria narum by employing standard methods of analysis. Results: Leaf is dorsiventral, 
having distinct upper and lower surface. Stomata are of paracytic type and present only on 
lower epidermis. Upper epidermal cells are polygonal with cuticle and contain simple starch 
grains.  A single layer of palisade cells is present below upper epidermis. Leaf do not bears 
any trichomes. Mid rib region shows collenchymatous cells on both surfaces. Xylem bundles 
are arranged in an arc. The space between collenchymas and vascular bundle is occupied by 
parenchymatous cells, some of which are filled with calcium oxalate crystals of prism as well 
as of rosette type (30-40 m in diameter). HPTLC fingerprint study of alcoholic and aqueous 
extracts confirmed the presence of quercitin as biomarker polyphenolic compound. Conclu-
sion: These findings will be useful in establishing pharmacognostic and phytochemical stan-
dards for correct identification, as well as assessment of purity, quality of this plant, which 
definitely gaining the relevance in plant drug research and establishment of plant monograph.

Key words: Histochemical Evaluation, HPTLC Fingerprinting, Morpho-Anatomical, Physico-
chemical, Uvaria narum.

Kalpana Sabanna Patil* and Raju Ratan Wadekar

Phyto-Pharmacognostical Studies and HPTLC Fingerprinting
Profile of Uvaria narum (Dunal) Wall. Ex Wight

INTRODUCTION
Pharmacognostic study deals with the selection, 
authentication, collection and quality evaluation of 
crude drugs and herbal materials based on macro-
scopic and microscopic characters.1 During the past 
few decades, advances in chemical and biological 
techniques of analysis have been greatly transformed 
research in the field of Pharmacognosy.2 On the other 
hand, physicochemical and phytochemical investi-
gation of plant material and their phytoconstituents 
plays important role in the field of drug discovery 
of phytopharmaceuticals.3 Current global scenario 
suggests that, in many developing countries, a large 
group of population relies on traditional practioners 
and medicinal plants to fulfill their primary health 
care needs. Furthermore, many people in developed 
countries believe in alternative and complementary 
therapies, including medicinal herbs.4 However, a 
key impediment, for the worldwide acceptance of the 
alternative medicines, is lack of documentation and 
stringent quality control.  There is a need for docu-
mentation of research work carried out on traditional 
medicines. With this backdrop, it becomes extremely 

important to make an effort towards systematic stan-
dardization of the plant material to be used as medi-
cine.5

Uvaria narum (Dunal) Wall; belonging to family 
Annonaceae, is commonly found in southern India 
mainly in Kerala. It is known as Kariballi in Kanada, 
Nilavalli in Sanskrit and Pulliccan in Tamil. In 
Ayurveda, it is widely used in the treatment of ail-
ments such as eczema, jaundice and swelling. The 
leaves are useful in vitiated conditions of vata and 
pitta, inflammation and fever.6A study was conducted 
for the evaluation of antibacterial and antioxidant 
properties of Uvaria narum by using various extracts. 
The root extracts showed remarkable degree of anti-
oxidant activity, and antibacterial properties against 
Staphylococcus aureus, Escherichia coli, and Lactoba-
cillus fermentum spp.7

Extensive literature search revealed lack of systematic 
Pharmacognostic and phytochemical standardiza-
tion of leaves of Uvaria narum. Thus, present study 
was undertaken to carry out detailed phyto-pharma-
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cognostical standardization of this plant for its correct authentication 
and identification. 

MATERIALS AND METHODS
Plant material and extraction
The plant material was collected from the vicinity of Pune district. 
Botanical identification of the taxa was carried out using available lit-
erature survey whereas; authentication of medicinal plant was done by 
Sr. taxonomist from Botanical Survey of India, Pune. The voucher speci-
men number is BSI/WC/Tech/2008/354-RRW/UN-III. The herbarium 
was submitted at the department of Pharmacognosy, K.L.E University’s 
College of Pharmacy, Belgavi. After authentication, the leaves of Uvaria 
narum were dried at room temperature until they were free from mois-
ture and subjected to morpho-anatomical and physicochemical studies. 
Subsequently, the powder material of Uvaria narum extracted succes-
sively by using solvent of increasing polarity viz; petroleum ether, chlo-
roform and alcohol. Whereas, Chloroform water IP 1996 was used for 
preparation of aqueous extract. 
Chemicals and instruments
Phloroglycinol, Hydrochloric acid, 5% Iodine, Sudan red and all other 
chemicals were of analytical grade. Instruments: Microscope (Make- 
Zeiss Company with Axis Vision Ac Rel 4.5 Software), Microtome 
(Make: Thermo Electron Corporation and Model Shandon Finesse) and 
CAMAG (Muttenz, Switzerland) HPTLC including a Linomat V sample 
applicator, a Camag twin trough plate development chamber, Camag 
TLC scanner 3 and WIN CATS-4 integration software. 
Organoletic evaluation
The leaves of Uvaria narum were subjected to morphological studies 
composed of organoletic characteristics viz, color, odour, taste, shape, 
texture were examined as per standard WHO guidelines.8

Microscopical evaluation 
For microscopical studies, the required plant sample was cut and 
removed from healthy plant and washed with water. After proper wash-
ing the killing and fixing of the specimen was carried out using solution 
of (90 ml 70% ethanol + 5 ml of glacial acetic acid + 5 ml of formalde-
hyde) for one week. Further, dehydration of the tissues was done with 
the help of different grades of tertiary butyl alcohol. Thereafter, the 
process of infiltration was followed by filling the cells with increasing 
order of paraffin. Furthermore, thin transverse sections was taken using 
microtome (Make: Thermo Electron Corporation and Model Shandon 
Finesse) and histochemical tests were carried out using staining reagents 
such as phloroglycinol + hydrochloric acid (1:1) for (lignified cells), 5% 
Iodine for (starch grains), Sudan red for (stone cells). Photomicrographs 
of the microscopical sections were captured with the help of microscope 
(Make- Zeiss Company with Axis Vision Ac Rel 4.5 Software).9

Quantitative Leaf constants and physical evaluation
Microscopic leaf constants such as, palisade ratio, vein islet number, 
vein termination number and stomatal index were evaluated by using 
Camera Lucida apparatus. Furthermore, the shade dried leaves were sub-
jected to size reduction to get fine powder (# 40 size mesh) and subse-
quently evaluated for physical constants viz; ash value, extractive value 
and moisture content as per the literature.10

Qualitative and quantitative phytochemical analysis
The preliminary phytochemical analysison alcoholic and aqueous 
extracts of leaves of Uvaria narum has been carried out by using qualita-
tive chemical test.11 Whereas, the alcoholic and aqueous extracts were 
subjected for quantitative estimation of total phenolic and total flavo-
noids content.

Determination of total phenolic content
The alcohol and aqueous leaf extracts of Uvaria narum, (10 µL) were 
mixed with 0.2 mL Folin-Ciocalteu reagent, 2 mL of water, and 1 mL of 
15% Sodium carbonate, and the mixture was measured at 765 nm after 
2 h at room temperature. The mean of the three readings was used and 
the total phenolic content is expressed in milligram of gallic acid equiva-
lents/1 g extract. The coefficient of determination is r2 = 0.9958.12

Determination of total flavonoid content
The flavones and flavonols in alcohol and aqueous leaf extracts of Uvaria 
narum, were expressed as quercitin equivalent. Quercitin was used to 
make the calibration curve (0.04, 0.02, 0.0025 and 0.00125 mg/mL) in 
80% ethanol (v/v). The standard solutions or extracts (0.5 mL) were 
mixed with 1.5 ml 95% ethanol (v/v), 0.1 mL 10% aluminium chloride 
(w/v), 0.1 ml of 1 mol/L Sodium chloride was substituted by same vol-
ume of distilled water in blank. After incubation at room temperature 
for 30 min, the absorbance of reaction mixture was measured at 415 nm. 
The mean of the three readings was used and the total flavonoid content 
is expressed in milligram of quercitin equivalents/1 g extract. The coef-
ficient of determination is r2 = 0.9961.13

HPTLC fingerprinting
HPTLC study was carried out on aqueous and alcoholic extract of leaves 
of Uvaria narum.14

Development of solvent system
A number of solvent system/mobile phase were tried individually as well 
as  in combination for separation and identification of quercitin from the 
respective extracts but the satisfactory resolution was obtained in Ethyl 
acetate: Formic acid: glacial acetic acid: Water (99:12:11:27 v/v/v). 
Sample application and development of 
chromatogram
The aqueous and alcoholic extracts of Uvaria narum, was dissolved in 
respective HPTLC grade ethanol and water which were used for sample 
application on precoated silica gel GF 254 aluminium sheets (Made- 
Merck).The samples (5 µL) were spotted in the form of bands of width 6 
mm with a 100 µL sample using a Hamilton syringe on silica gel which 
was precoated on aluminium plate GF-254 plates (20 cm X 10 cm) with 
the help of Lineman 5 applicator attached to CAMAG HPTLC system, 
which was programmed through WIN CATS software. Plates were devel-
oped using mobile phase. Linear ascending development was carried out 
in (20 cm X 10 cm) twin through glass equilibrated with mobile phase. 
Derivatization and Detection of spots
The developed plates were dried with the help of hot air oven. Visualiza-
tion of spot was made after derivatization with 5% Ferric chloride solu-
tion. Further, the plates were dried at 100ºC in hot air oven for 3 min. 
and subsequently kept in photo-documentation chamber (CAMAG 
REPROSTAR 3) and captured the images under UV light at 366 nm, 
respectively. The Rf values and finger print data were recorded by WIN 
CATS software.

RESULTS
Organoleptic evaluation  
South-Indian Uvaria is found in Western ghats from Maharashtra south-
wards up to an altitude of 1,200 m. Uvaria narum is a large woody stel-
lately, pubescent straggling shrub with dark bluish green leaves. Leaves 
are oblong-lanceolate, pointed or long-pointed hairless on both sides, 
stalks short, less than 6 mm. Crushed leaves smell like cinnamon. (as 
shown in Figure 1).
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Microscopical and Histochemical evaluation
Transverse section of leaf showed a dorsiventral (having distinct upper 
and lower surface) pattern. Stomata are of paracytic type and present 
only on lower epidermis. Upper epidermal cells are polygonal with 
cuticle and contain simple starch grains (3-5 µ). No stomata are pres-
ent on upper epidermis. A single layer of palisade cells is present below 
upper epidermis. Next to palisade layer is a single row of cell containing 
rosette calcium oxalate crystals and remainder of the mesophyll consists 
of spongy parenchyma. Xylem bundles are arranged in an arc. The space 
between collenchymatous and vascular bundle is occupied by parenchy-
matous cells, some of which are filled with calcium oxalate crystals of 
prism as well as of rosette type (30-40 µ) in diameter as shown in Figure 
2a, 2b and 2c.
Powdered drug analysis
The powder was dark green in colour, with aromatic odour, and taste. 
After shaking the powder with water in test tube, no persistent foam was 
formed indicating absence of saponins. Powdered drug under ultra-vio-
let and ordinary light when treated with different reagent emitted vari-
ous colour radiations which help in identifying the drug in powder form. 
Behaviour of powder with different chemical reagents is summarised in 
Table 1. 
Histochemical analysis of powdered crude drug revealed presence of cal-
cium oxalate crystals of varying shape such as rosette and prism, starch 
grains, and paracytic type of stomata as shown in Figure 3.

Quantitative microscopy and physicochemical 
evaluation
The stomatal index and palisade ratio were found to be 25.2-26.6 and 
1-6 respectively. Whereas vein islet and vein termination number were 
ascertained as 28-30 and 60-65 respectively. The ash content of drug also 
showed presence of in-organic compounds such as: calcium, magnesium 
and sulphate while absence of sodium, potassium and phosphate types 
of inorganic compounds. The physicochemical parameters such as ash 
value, extractive value and moisture content of the drug summarized in 
Table 2.
Qualitative and quantitative phytochemical 
investigation
Successive soxhlet extractive values colour and consistency of extracts of 
leaves of Uvaria narum was found to be: Pet ether (3.09% w/w, greenish, 
sticky mass); Chloroform (4.22% w/w, yellowish- green, sticky mass); 
alcohol (5.10% w/w, greenish, sticky mass) and water (5.20% w/w, green-
ish-black, semi-solid), respectively. 
Preliminary phytochemical analysis of alcoholic extract revealed pres-
ence of alkaloids, tannins, flavonoids whereas, aqueous extract showed 
presence of polyphenolic compounds, flavonoids, tannins and glyco-
sides. The quantitative estimation of total phenolic content in alcohol 
and aqueous extract was found to be 208 ± 2.8 and 212 ± 4.5 mg/g of 
extract and the quantitative estimation of total flavonoid content in alco-

Figure 1: Uvaria narum (Duall) Wall leaf. Figure 2(a): Transverse section of Uvaria narum  leaf.

Figure 2(b): Transverse section of Lamina. Figure 2(c): Lower epidermis showing.
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the important diagnostic features of leaf are its aromatic odour, pres-
ence of calcium oxalate crystals of prism as well as of rosette type, para-
cytic type of stomata, starch grains and absence of trichomes were also 
observed. Determination of Leaf constants plays a crucial role in the 
study of quantitative microscopy and they can be used to differentiate 
closely related other Uvaria species. The establishment of physical con-
stants viz; moisture content, ash value, acid-insoluble value and extrac-

Table 1:  Fluorescence analysis of powdered leaves of Uvaria narum

Treatment Observation under

Ordinary light UV light

254 nm 366 nm

Powder as such Dark green Green Dark green

Powder + nitrocellulose Dark green Light green Dark green

Powder + 1N NaOH in 
methanol

Light yellow Yellow Dark Yellow

Powder+ 1N NaOH 
in methanol + 

nitrocellulose in amyl 
acetate

Florescent Light 
Florescent

Dark 
Florescent

Powder + 1N HCl Light brown Light brown Brown

Powder + 1N HCl + 
nitrocellulose in amyl 

acetate

Brown Light brown Dark brown

Powder + 1N NaOH in 
water

Yellow Light green Light green

Powder + 1N NaOH 
in water, dried 

and mounted in  
nitrocellulose in amyl 

acetate

Yellowish 
brown

Light yellowish 
brown

Dark yellowish 
brown

Powder +HNO3 (1:1) Brown Brown Brown

Powder + H2SO4(1:1) Light black Black Black

Figure 4(a): HPTLC profile of alcoholic extract of Uvaria narum.

Figure 3: Microscopic powder characteristics of Uvaria narum Leaf.
A: Starch grains,
B: Rosette type calcium oxalate crystal,
C: Paracytic type of stomata and
D: Prism type calcium oxalate crystal.

hol and aqueous extract was found to be 42 ± 3.5 and 60 ± 6.2 mg/g of 
extract.  
HPTLC analysis
The HPTLC chromatogram at 214 nm showed presence of quercitin and 
exhibited blackish (visible) band in the Rf range of 0.47 to 0.52. Accord-
ing to the literature of flavonoids the Rf range are found to be 0.4 to 
0.6. Therefore, the Chromatogram fingerprint suggests the presence of 
quercitin in aqueous and alcoholic extract of Uvaria narum as shown 
inFigure 4a, 4b, 4c and 4d).

DISCUSSION
The objective of the present study was established and developed the rig-
orous phyto-pharmacognostic standards for correct identification and 
authentication of medicinally important Uvaria narum plant. Some of 

Table 2: Physicochemical evaluation of powder leaves of Uvaria narum 
Wall

Parameters % w/w (Mean a± SEM)

Total ash 4.39 ± 0.31

Acid insoluble ash 0.42 ± 0.02

Water soluble ash 1.01 ± 0.02

Alcohol soluble extractive 20.21 ± 0.22

Water soluble extractive value 22. 19 ± 0.21

Moisture content 8.1 ±0.88
aMean value of three readings.
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Figure 4(d): HPTLC Chromatogram of:
A: Alcoholic extract of Uvaria narum (UNAL);
B: Quercitin as standard
C: Aqueoud extract of Uvaria narum (UNAQ) scanned at 366 nm.

Figure 4(b): HPTLC profile of standard Quercitin.

Figure 4(c): HPTLC profile of aqueous extract of Uvaria narum.

tive value has equal importance in the evaluation and identification 
of inorganic impurities present in the crude drugs.15 Plant serves as a 
biochemical laboratory for the biosynthesis of major secondary metabo-
lites such as alkaloids, tannins, polyphenolic compounds that exhibits 
significant physiological effects. Presence of important plant secondary 
metabolites such as tannin, phenolic substances, steroids, glycosides in 
Uvaria narum, could make the plant useful for treating different ailments 
of living organism.16Thus qualitative and quantitative phytochemical 
screening along with HPTLC study may be helpful in the detection of 
bioactive principles.17 The leaf has shown remarkable amount of poly-
phenolic present in alcoholic and aqueous extracts. An important obser-
vation from Phytochemistry point of view is presence of quercitin in the 
leaf quantified by using HPTLC. 

CONCLUSION
The present investigation yielded a set of qualitative and quantitative 
phyto-pharmacognostic parameters along with HPTLC fingerprinting 
profile that can serve as diagnostic tools for establishment of quality 
standards, authentication and identification of the medicinally impor-
tant plant Uvaria narum (Dunal) Wall. Ex Wight and could useful for the 
compilation of a suitable monograph of this plant.
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GRAPHICAL ABSTRACT SUMMARY
• The morpho-anatomical studies on leaves of Uvaria narum (Dunal) Wall re-

vealed the presence of the important diagnostic features viz; presence of 
calcium oxalate crystals of prism as well as of rosette type, paracytic type of 
stomata, starch grains and absence of trichomes which is the important distin-
guish characters, for correct authentication and identification of genuine drug.

• Presence of important plant secondary metabolites such as tannin, phenolic 
substances, steroids, glycosides in Uvaria narum, could make the plant useful 
for treating different ailments of living organism because therapeutic efficiency 
of any plant is usually trace by their chemical compounds.The leaf has shown 
remarkable amount of polyphenolic present in alcoholic and aqueous extracts. 

• An important observation from Phytochemistry point of view is presence of 
quercitin in the leaf quantified by using HPTLC.The pharmacognostic con-
stants of this plant and diagnostic microscopic features reported in this work 
could be useful for the compilation of a suitable monograph and proper identi-
fication as well as distinguishing between closely related species
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Original Article

INTRODUCTION
Bladder cancer is a kind of urological tumor with 
relatively high mortality, morbidity and recurrence 
metastasis rate.1 Although endoscopic transurethral 
resection of bladder (TURB) is often performed as 
the primary therapy, 50-70 percent of patients have  
a recurrence within five years and approximately  
20 percent progress to invasive disease.2 The current 
treatment options like hormone therapy, radiotherapy,  
chemotherapy are into practice, but severe side effects 
limit its clinical use and underscore the need for 
unconventional therapies using less toxic substances.  
Many natural substances are touted for their medicinal  
aspects and side effect profiles, and some of these 
have been well characterized for their biological and  
medicinal properties.3 Despite the availability of several  
therapeutic options, a safer and more effective modality  
is urgently needed for treatment of bladder cancer.4  
Thus, the primary therapeutic objectives are to prevent  

Evaluation of in vitro Antioxidant and Anticancer activity of  
Simarouba glauca leaf extracts on T-24 Bladder cancer cell line

ABSTRACT
Objective: Screening of preliminary phytochemicals, evaluation of in vitro antioxidant and in 
vitro anticancer activities of Simarouba glauca leaf extracts on T-24 Bladder cancer cell line.  
Materials and Methods: Herbal extraction was carried out by Soxhlet method using chloroform,  
ethylacetate, methanol, ethanol, aqueous and hydroalcohol. Phytochemical investigation was  
done using biochemical tests. Total phenolic content was estimated by Folin-Ciocalteu  
reagent (FCR) method. Antioxidant potential of leaf extracts was analyzed by Ferric ion reducing  
antioxidant power (FRAP) assay, Phosphomolybdenum (PM) assay and 2,2-Diphenyl-1-picrylhy-
drazyl (DPPH) radical scavenging assay. In vitro anticancer activity on T-24 bladder cancer cell line  
was assessed by MTT assay. Statistical analysis used: Statistical analysis of data was  
performed by analysis of variance (one-way ANOVA) and level of statistical significance  
between groups was carried out using GraphPad Prism version 5.0 for Windows (GraphPad 
Software, San Diego, CA, USA). Results: Phytochemical analysis revealed the presence of 
rich secondary metabolite present in all the solvent extracts. Hydroalcoholic extract showed 
highest presence of phenolic content (92.38±0.29 mg/g) GAE. Ethanol and methanol extract 
showed highest antioxidant capacity in DPPH, FRAP and PM assay as compared to the other 
extracts based on the test performed. The results confirmed that ethanol extract significantly 
(p<0.05) inhibited T-24 cell line with IC50 value (533.55±25.02 µg/mL) as compared to standard 
drug doxorubicin (0.16µM/mL). Conclusions: The results of the present findings strengthen  
the potential property of Simarouba glauca as a resource for the discovery of novel antioxidant 
and anticancer agents.

Key words: Antioxidant; Anticancer; Bladder Cancer; Phytochemical; Simarouba glauca.
Key Messages: The use of medicinal plants have been practiced to treat cancer aliments 
across the world. Our study demonstrates the implication of herbal extracts to inhibit cancer  
cell lines at in vitro levels. However, the further approaches at in vivo level using lead  
compounds will give core insights of S. glauca extracts on Bladder cancer.
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multiple recurrences, as well as progression to a 
more advanced, invasive disease.
In recent years, there are constant researches on 
Simarouba glauca (S. glauca) in inhibiting the 
metastasis and invasion of breast cancer tumors 
according to local Ayurvedic practitioners, but there  
are untouched studies on S. glauca inhibiting bladder 
cancer cells. Simarouba glauca belonging to family 
Simaroubaceae is commonly known as paradise-tree,  
dysentery-bark, and bitter wood.5 It is native of El 
Salvador that has been introduced in India during 
1960.6 It is known for its high medicinal value and 
have strong anti-plasmodial, antibacterial, antifungal  
activity.7,8 Extracts of S. glauca have been used for 
treatment of gastrointestinal disorders.9 Thus, in 
order to deeply comprehend, we evaluated S. glauca 
leaf extract for preliminary phytochemical screen-
ing, total phenolic content, and in vitro antioxidant 



Puranik et al.: in vitro Antioxidant and Anticancer activity of Simarouba glauca on T-24 Bladder cancer cell line

74 Pharmacognosy Journal, Vol 9, Issue 6, Nov-Dec, 2017

potential was analyzed by ferric ion reducing antioxidant power assay, 
phosphomolybdenum assay, DPPH assay and in vitro anticancer activity 
was evaluated on T-24 bladder cancer cells by MTT assay. 

Subjects and Methods
Collection of plant and authentication 
The plant Simarouba glauca was collected from Indian Council of Medi-
cal Research-National Institute of Traditional Medicine (ICMR-NITM)  
Campus, Belagavi in the month of February 2015. It was authenticated 
by Dr. Harsh Hegde, Taxonomist, Scientist ‘D’ (ICMR-NITM), Belagavi, 
India. The herbarium of the plant was prepared. The leaves of the plants  
were removed cleaned for unwanted dust particle and shade dried for  
20 days. The shade dried leaves were crushed to fine powder and stored 
in air tight container until further used. 

Preparation of plant extract 
About 100 g of powdered leaves were subjected to soxhlet extraction  
following the method of Jensen,10 using different solvents in their 
increasing polarity viz. chloroform, ethyl acetate, methanol, ethanol, 
aqueous and hydro alcohol followed by concentration of extractions by 
rotary vacuum evaporator and drying by using water bath.

Phytochemical analysis
Preliminary phytochemical screening was carried out for all six solvent 
extracts. The crude extracts were tested for presence of phytochemicals  
namely alkaloids, flavonoids, glycosides, phenols, lignin’s, saponins, sterols,  
tannins, anthraquinone and reducing sugar by following the protocol of 
Deepti et al.11

Determination of total phenolic content
The total phenolic content of S. glauca was determined by using Folin-
Ciocalteu method described by Pardhi et al., with slight modification.12 
A volume of 0.125 mL of extract is mixed with equal volume of Folin-
Ciocalteu reagent and incubated for 10 min. Then 1.25 mL of aqueous 
sodium carbonate and 1mL distilled water is added and the reaction 
mixture is incubated for 90 min. at 370 C. The absorbance was read at 
760 nm spectrophotometrically. Gallic acid is used as standard and total 
phenolic content was expressed as mg/g Gallic acid equivalent (GAE). 

in vitro antioxidant assay
2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging 
assay 
The free radical scavenging effect of S. glauca extract was assessed with 
the stable scavenger DPPH with slight modifications of the method 
described by Brand-Williams et al.13 Briefly, the concentrations (100 μL 
to 500 μL) of extracts were prepared in ethanol. DPPH solution (0.004%) 
was prepared in ethanol and 1 mL of this solution was mixed with the 
same volume of extract and standard solution separately. The mixture 
was incubated for 30 min. in the dark at room temperature and the  
absorbance was measured at 517 nm. Ascorbic acid was used as a standard.  
The degree of DPPH-purple decolorization to DPPH yellow indicated 
the scavenging efficiency of the extract. Lower absorbance of the reaction 
mixture indicated higher free radical-scavenging activity. 
The scavenging activity against DPPH was calculated using the equation:

c t

c

A A
DPPH scavenging activity (%) 100

A
−

= ×

Where Ac is the absorbance of the control reaction (1mL of ethanol with 
1mL of DPPH solution), and At is the absorbance of the test sample. The 
results were analyzed in triplicate. The IC50 value is the concentration of 
sample required to inhibit 50% of the DPPH free radical.

Ferric ion reducing antioxidant power (FRAP) assay
Ferric reducing antioxidant power assay was used to measure the antiox-
idant power of the extracts. Antioxidant activity assays were performed 
by the method described by Oyaizu et al. with slightest modification.14 
Ethyl acetate, methanol, ethanol, aqueous and hydro alcohol extracts of 
S. glauca in different concentrations ranging from 100 μL to 500 μL were 
mixed with 2.5 mL of 0.2 mM phosphate buffer (pH 7.4) and 2.5 mL of 
potassium ferricyanide, (1% W/V). The resulting mixture is incubated  
at 500 C for 20 min. followed by the addition of 2.5 mL of trichloroacetic  
acid (10% W/V) and centrifuged at 3000 rpm for 10 min. 2.5 mL of  
distilled water is added and later 0.5 mL of ferrous chloride (0.1% W/V). 
Finally, the absorbance was measured at 700 nm. Ascorbic acid was used 
as positive reference standard. 

Phosphomolybdenum (PM) assay
Total antioxidant activity was estimated by PM assay using standard  
procedure of Prieto et al.15 Ethyl acetate, methanol, ethanol, aqueous and 
hydro alcohol extracts of S. glauca in different concentration ranging  
from 100 μL to 500 μL were added to each test tube individually contain-
ing 3 mL of distilled water and 1 mL of molybdate reagent solution. 
These tubes were kept incubated at 95°C for 90 min. After incubation, 
they are kept in room temperature for 20-30 min. and the absorbance is 
measured at 695 nm. Ascorbic acid is used as reference standard.

Culturing of cell lines
T-24 bladder cancer cell line and Mouse embryo fibroblast (MEF-L929) 
normal cell line were procured from National Centre for Cell Science, 
Pune, India. The cells were subcultured in dulbecco modified eagle  
medium (DMEM) supplemented with 10% fetal bovine serum, 1%  
penicillin-streptomycin, 1% non-essential amino acids in tissue culture 
flasks and incubated in a CO2 incubator in a 5% CO2 and 95% humidity 
atmosphere. After trypsinization the cell count was done and the cell  
viability was tested by trypan blue dye exclusion method using  
haemocytometer. A known number of cells (4 X 103 cell/well in 100 µL 
of medium) were seeded into 96-well plates respectively for carrying out 
MTT assay by following the method of Ghagane et al.16 

Treatment groups
T-24 and MEF-L929 cell lines were treated with S. glauca leaf methanol, 
ethanol and aqueous extract (5 mg/mL). Desired concentrations of test 
compounds were prepared in 0.1% di-methyl sulfoxide (DMSO) prior 
to the experiment.17 The reactant mixtures were diluted with media 
and cells were treated with different concentration ranges of the extract 
(3.125-200 μg/mL) and incubated for 72 h respectively which was the 
optimal treatment time of the extracts in each of the cell lines. The effect 
induced was also compared to the standard drug used viz. doxorubicin 
T-24 bladder cancer cell line. The following treatment groups were set up  
of the study. Negative control: cells alone. Positive control: cells + doxo-
rubicin. Test groups: cells+ methanol extract of S. glauca leaves; cells+ 
ethanol extract of S. glauca leaves; and cells+ aqueous extract of S. glauca 
leaves, same treatment group was followed for mice embryo fibroblast 
(MEF-L929) normal cell lines. 

MTT Cell Viability assays
After 72 h the media of treated cells (100 μL), were removed and the cell 
culture were incubated with 50 μL of MTT at 370 C for 4 h. After incubation,  
the formazan produced were then solubilized by the addition of 100 μL 
DMSO. The suspension was placed on a microvibrator for 5 min and 
then absorbance was recorded at 470 nm by ELISA reader and the results 
were analyzed in triplicate and percentage was calculated.
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Statistical analysis
All results were expressed as mean ± SD for three replications. Statistical  
analysis of data was performed by analysis of variance (one-way 
ANOVA) and level of statistical significance between groups was carried  
out using GraphPad Prism version 5.0 for Windows (GraphPad  
Software, San Diego, CA, USA). At least three independent analyses were 
carried out per sample.

RESULTS AND DISCUSSION
In recent years ethno-medicine plants have played an important role in 
prevention and treatment of various diseases, there are several known 
and unknown medicinal compounds obtained from plant origin.18 Many  
species of the Simaroubaceae family display prominent anticancer  
activity.19 The plant collected from (ICMR-NITM) Campus, was identified  
according to their taxonomical characters as Simarouba glauca and  
analysed for the presences of phytoconstituents with five solvent extracts. 
In the present study 100 g of S. glauca leaves powder gave total yield of  
6.8 g in chloroform, 9.6 g in ethyl acetate, 24.64 g in methanol, 16.52 g  
in ethanol, 20.80 g in Aqueous and 31.2 g in hydroalcoholic solvent w/w 
respectively with reference to the air dried plant material. All six different  
extracts of S. glauca subjected for preliminary phytochemical analysis  
showed presence of rich phytoconstituents. Phytochemical analysis 
revealed the presence of rich secondary metabolites synthesized in the  
plant that includes phenols, flavonoids, alkaloids, saponins, anthraquinone,  
glycosides, lignins and tannins. The result of phytochemical test has been 
summarized in (Table 1). These bioactive compounds are employed in  
the treatment of cancer, malaria, worms, viruses, gastritis, ulcer, inflam-
mation, diarrhoea and diabetes, in addition to their insecticide, healing 
and tonic activities.20

The total phenolic content of different extracts of S. glauca leaves was 
determined by Folin-Ciocalteu reagent method. Phenolic content of 
aqueous and hydroalcoholic extract, calculated from the calibration 
curve (R² = 0.9867) was 92.38±0.29 mg/g GAE and (R² = 0.9837) was  
90.55±0.66 mg/g GAE showing the highest phenolic content as compared  
to ethanol (R² = 0.9807) 84.55±0.59 mg/g GAE, ethyl acetate and methanol  
extracts 82.41±00.54 mg/g GAE and 76.69±0.14 mg/g GAE. The phenolic  
content is responsible for the bioactivity of these crude extracts. The 
presences of phenolic compounds in the S. glauca extracts holds redox 
properties, which allow them to act as antioxidants and scavenge the free 
radical activity facilitated by their hydroxyl groups, the total phenolic 
concentration could be used as a base for rapid screening of antioxidant 
properties.21,22

Different concentrations of ethyl acetate, methanol, ethanol, aqueous 
and hydroalcoholic extract of S. glauca leaf extracts were subjected to 
DPPH free radical scavenging assay. The antioxidant capacity of the  
extract was compared with ascorbic acid as standard antioxidant. Ethanol,  
methanol aqueous and hydro alcohol extract presented higher antioxi-
dant activity than the ethylacetate extract. Reactive oxygen species play 
an important role in the oxidative damage of biological systems.23 Herbal 
extracts rich in secondary metabolites, including phenolics, flavonoids 
and tannins, have antioxidant activity due to their redox properties and 
chemical structures.24 The DPPH radical scavenging method is widely 
used in assessing free radical scavenging activity because of the ease of 
the reaction.16 The ethanol leaf extract (90.35±0.51%) of S. glauca had 
strong antioxidant activity against all the free radicals investigated at 
concentration of 500 mg slightly lower to that of standard ascorbic acid, 
(92.15±0.88%) compared to other solvent extracts (Table 2). 
The reducing power of the crude extracts was studied as a function  
of their concentration. Antioxidant potential of S. glauca was examined 

Table 1: Preliminary phytochemical screening of S. glauca leaves extracts

Constituent Test Chloroform Ethyl acetate Methanol Ethanol Aqueous Hydro alcohol

Alkaloids Iodine - - - - - -

Wagner’s ++ - ++ ++ + +

Dragendroff ’s + - ++ ++ - +

Flavonoids Pew’s - - + + - -

Shinoda - - + ++ + -

NaOH - + - ++ ++ +

Glycosides Keller-Killani + ++ ++ ++ + -

Glycosides - ++ - ++ ++ +

Conc. H2SO4 ++ ++ ++ ++ ++ ++

Molisch’s ++ ++ ++ ++ ++ ++

Phenols Ellagic acid - ++ ++ ++ ++ ++

Phenol - ++ ++ ++ ++ ++

Lignins Labat + - + + -

Saponins Foam test - - + - + +

Sterols Salkowski’s + + ++ ++ + +

Tannins Gelatine + - - + + +

Lead acetate - - ++ ++ ++ ++

Anthraquinone Bomtrager’s - - - ++ + -

Phlobatannins - - ++ + - -

Reducing sugar ++ + + ++ + -

Volatile oil ++ - - + - +

: - Absent; +: Moderately present; ++: High presence
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for their ability to reduce ferri cyanide Fe+3 to ferro cyanide  Fe+2 by  
donating an electron. In the present study the FRAP assay was estimated 
by using the leaf extracts of S. glauca. Out of five extracts, ethanol extract 
exerted the highest reductive capacity followed by subsequent extracts.  
The presence of antioxidants in any extract causes the reduction of  
the ferri cyanide Fe3+ (complex) to ferro cyanide Fe2+ (ferrous form).25 
The ferrous ion can be measured by FRAP assay at 700 nm which give 
the quantifiable estimation of phenols involved in redox reactions. The 
S. glauca leaf extracts showed quantitatively similar reducing ability with 
ethanol and methanol extract being far superior to aqueous and hydro 
alcohol extracts at higher concentrations. However, the reducing ability 
was slightly lower than that of ascorbic acid tested (Figure 1). 
The quantitative phosphomolybdenum method was developed to evaluate  
the total antioxidant capacity of the S. glauca extracts. The reducing 
power of a compound is associated with electron donating capacity 
and serves as an indicator of antioxidant activity.26 The total antioxidant 
capacity was evaluated by phosphomolybdenum assay, which measures 
the reduction of Phosphate-Mo (VI) to Phosphate-Mo (V) by the sample 
and subsequent formation of a bluish green colored Phosphate-Mo (V)  
complex at acidic pH. Basically it helps to investigate the reduction rate  
among antioxidant and molybdenum ligand 15. In the present investigation  
ethanol (0.383±0.002) and methanol (0.317±0.005) extracts exhibited  
higher absorbance than the aqueous and hydro alcohol extracts in various  
solvents exhibiting different degrees of activity as shown in. (Figure 2). 
Absorbance is directly proportional to the antioxidant activity and gives 
reducing potential of plant extracts.27

Cytotoxicity, commonly found within the Simaroubaceae family, is  
primarily attributed to the dense chemical diversity, due to the presence 
of quassinoids, alkaloids, phenols, steroids, flavonoids, anthraquinone, 
coumarins and saponins, which have pharmacological properties such 
as cytotoxicity, antimalarial, insecticidal, antitumor, hypoglycemic and 
antiulcer activities characterize the species of this particular family.28,29

In vitro cytotoxicity test using T-24 bladder cancer cell line was executed 
to evaluate potentially toxic compounds that affect basic cellular functions 
and morphology.30 Cellular proliferation was estimated by the MTT  
assay with varying concentration (3.125, 6.25, 12.5, 25, 50, 100, 200 µg/mL)  
of S. glauca leaf extracts and positive control (doxorubicin) for 72 h. 
Each extract were evaluated in triplicates by serial dilution. The absor-
bance at 490 nm was detected. Ethanol and methanol extracts showed 
effective growth inhibition at higher concentration 200 µg/mL compared 

Table 2: Determination of percentage inhibition of DPPH radical scavenging activity of S. glauca

Concentration
Percentage of Inhibition

Ethyl acetate Methanol Ethanol Aqueous Hydroalcohol Ascorbic acid

100 mg 41.52±0.54 64.96±0.42 59.64±0.80 31.68±0.20 38.53±0.19 78.20±0.56

200 mg 55.30±0.19 74.87±0.58 64.76±0.63 56.05±0.10 55.46±0.31 83.23±0.12

300 mg 68.24±0.19 81.42±0.45 78.12±0.86 72.85±0.24 64.58±0.98 84.85±0.12

400 mg 71.54±0.41 85.48±0.44 84.81±0.51 81.62±0.67 76.20±0.01 86.63±0.21

500 mg 73.60±0.78 88.43±0.18 90.35±0.51 83.68±0.77 88.93±0.32 92.15±0.88

Values are mean ± SD, n = 3. Results were analyzed using One-way ANOVA.

Table 3: IC50 values of cell proliferation inhibition of S. glauca extracts (µg/ml)

Cells Ethyl acetate Methanol Ethanol Aqueous Hydroalcohol

T-24 2650.11±12.05 842.27±14.04 533.55±25.02 1019.10±11.05 1642.21±18.03

Doxorubicin 0.16 µM/mL

Figure 1: FRAP assay for extracts of S. glauca.

Figure 2: PM assay for extracts of S. glauca.
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to other extracts and lower than standard drug doxorubicin (Figure 3). 
All extracts showed increasing cytotoxicity in dose and incubation time  
period dependent mode from lower to higher concentration. Cell  
morphological changes in T-24 bladder cancer cells treated with S. glauca 
leaf extracts were observed microscopically. Treatment with S. glauca 
leaf extracts and doxorubicin drug significantly decreased the number  
of viable cells and produced microscopic changes in morphology  
compared with those of the controls after 72 h incubation at 200 μg/mL. 
The cells showed shrinkage, membrane blebbing and cytoplasmic vacu-
olation (Figure 4). However, there was no inhibition and morphological 
changes observed in normal (MEF-L929) cell line. The IC50 values for the 
in vitro cytotoxic activity was investigated for ethyl acetate, methanol,  
ethanol and aqueous extracts of S. glauca and standard drug doxorubicin  
against T-24 bladder cancer cell lines and noncancerous (MEF-L929) 
cell line. The results showed that ethanol extract significantly (p<0.05) 
inhibited T-24 cell lines and was the most potent extract with IC50 value  
(533.55±25.02 µg/mL) as compared to standard drug doxorubicin  
(0.16 µM/mL). However, methanol, aqueous, hydroalcohol and ethyl  
acetate extracts showed moderate cytotoxicity (Table 3). Moreover, a 
higher degree of correlation was observed between antioxidant and  
anticancer of S. glauca extracts this might be due to the presence of rich 
secondary metabolites present in the plant.31,32 The result of MTT assays  

revealed that most effective cell growth inhibition activity were observed 
in ethanol and methanol extract of S. glauca leaves that decreased the  
percent viability of all the cells but to different extent towards T-24  
cancer cell lines. No cytotoxic effect towards noncancerous normal 
mice embryo fibroblast (MEF-L929) cell line was observed among the 
extracts used. Standard chemotherapeutic drugs doxorubicin which is  
commonly used in the treatment of bladder cancer was found to a certain  
degree of similarity to the effect induced by the extracts. The cells were 
visually and microscopically inspected each time they were handled. 
Correspondingly morphological changes were observed in the cells 
enduring membrane blebbing and cell shrinkage by the combination of 
extracts and the standard drug induced in cancerous cells. 

CONCLUSION
In conclusion the overall results of the present study provided evidence 
of antioxidant and anticancer activities of S. glauca. The selectivity of the 
plant proved to be a promising anticancer potential by inhibiting T-24 
bladder cancer cell line. However, the search for new lead compounds  
from natural sources with more effective and less toxic compounds  
constitute interesting alternatives for the development of anticancer 
drugs in bladder cancer treatment. Thus, further studies are in process to 
evaluate the potent lead fraction of the active plant.
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• The plant Simarouba glauca was collected from (ICMR-NITM), campus, Bel-
agavi.

• Preliminary phytochemical analysis revealed high presence of phenolic content 
in methanol, ethanol and hydro-alcohol leaf extracts of S.glauca.

• Methanol, ethanol proved to be high potential of antioxidant properties in the 
leaf extracts analyzed by FRAP assay, PM assay and DPPH assay. 

• In vitro anticancer activity on T-24 bladder cancer cell line was assessed by MTT 
assay which proved to be a promising anticancer potential by inhibiting T-24 
bladder cancer cell line. 

• The search for new natural sources with more effective and less toxic com-
pounds constitute interesting alternatives for the development of anticancer 
drugs in bladder cancer treatment.
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Abstract:

Introduction:

In efforts to develop new antitubercular (anti-TB) compounds, herein we describe cytotoxic evaluation of 15 newly synthesized
pyrrolyl pyrazoline carbaldehydes.

Method & Materials:

Surflex-Docking method was used to study binding modes of the compounds at the active site of the enzyme enoyl ACP reductase
from  Mycobacterium  tuberculosis  (M.  tuberculosis),  which  plays  an  important  role  in  FAS-II  biosynthetic  pathway  of  M.
tuberculosis  and  also  it  is  an  important  target  for  designing  novel  anti-TB  agents.

Results:

Among the synthesized compounds,  compounds 4g  and 4i  showed H-bonding interactions with MET98, TYR158 and co-factor
NAD+, all of which fitted well within the binding pocket of InhA. Also, these compounds have shown the same type of interaction as
that of 4TZK ligand. The compounds were further evaluated for preliminary anti-TB activities against M. tuberculosis H37Rv strain.

Conclusion:

Some compounds were also screened for their mammalian cell toxicity using human lung cancer cell-line (A549) that was found to
be nontoxic.

Keywords: Surflex docking, Cytotoxicity, Antitubercular activity, Pyrazoline carbaldehyde.

1. INTRODUCTION

Innovations on novel drugs for the treatment of tuberculosis (TB) have generated novel concepts in the field of
medicinal chemistry, particularly keeping in mind on multi-drug resistance and high mortality rate [1, 2]. Presence of
Human Immunodeficiency Virus (HIV), leading to Acquired Immune Deficiency Syndrome (AIDS) has provoked the
occurrence of TB,  which in turn  caused the  deaths  among  HIV-infected  patients  caused  by  co-infection  with
Mycobacetrium  tuberculosis (M. tuberculosis),  thereby  increasing  the diminution  of  immune  system  [3]. There  are
 several  drugs  in  the  market,  which  are  currently in  use, such  as  isoniazid  (INH),  rifampicin,  pyrazinamide  and
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delamanid as these possess a nitrogen atom in their ring structures viz., pyridine, piperazine, piperidine and pyrazine
with azomethine and aryloxy moieties, which constitute their core structural features.

The association of multifunctional FAS-I system (fatty acid synthase type I) originate from eukaryotes provides a
good opportunity for its selective inhibition, but it is relatively different from the individual enzymes of the bacterial
fatty acid synthase type II system (FAS-II). Of the striking antimicrobial drug targets, FAS-II pathway has gained much
attention in the modern era for developing INH based new chemical entities [4 - 7]. NADH-dependent enoyl acyl carrier
protein  (ENR)  reductase  encoded  by  Mycobacterium  gene  InhA  is  the  key  catalyst  involved  in  mycolic  acid
biosynthesis in FAS-II patway. Earlier reports have recognized that InhA is the primary target for INH [8], a leading
drug used for the treatment of TB for over 40 years. Reports have suggested that the formed INH-NADH adduct by the
action of KatG (catalase-peroxide enzyme) on INH to form an acyl radical, which in turn covalently binds to NADH,
acts as an effective inhibitor of InhA and other InhA inhibitors such as triclosan, pyrazole derivatives, diazaborines and
indole-5-amides [9 - 13].

Chalcones have been studied extensively for their wide variety of pharmacological activities as antifungal [14],
antimitotic [15], antitubercular [16], antitumor and antioxidant [17], antimalarial [18] and pyrazolines as these have
shown a  wide  range  of  biological  activities  as  anti-inflammatory  [19,  20],  antitumor  [21],  antitubercular  [16],  and
monoamino oxidase inhibitor [22]. Pyrrole is also a vital part of the plant and animal origin as a hemin and vitamin B12

in animal cells, subunit of chlorophyll in plants. Earlier, pyrrole derivatives have shown in vitro anti-TB activity [23,
24], but recently, much research has occurred on anti-TB drug designing using pyrroles as the core structure in the
synthesis and in silico studies [25 - 29], which suggests the significance of pyrrole derivatives as anti-TB agents. This
has encouraged us to carry out a detailed study on the design and synthesis of new pyrrole derivatives as useful anti-TB
agents.

In our earlier reports [16, 25], we have designed several inhibitors of InhA using fundamental core as a pyrrole ring
with different pharmacophores in a single molecular skeleton along with Two- and Three-dimensional QSAR studies.
Herein, we report the synthesis of pyrrole derivatives, which act as inhibitors of ENR enzyme along with their in vitro
anti-TB studies. Some of the drugs that are under clinical or preclinical trials that are considered to synthesize new
derivatives following the Pall-Knorr pyrrole synthesis are depicted in Fig. (1). Molecular docking studies have been
employed to show the correlation between in silico results and in vitro analysis to find ENR as a prospective target of
pyrrolyl-pyrazoline carbaldehyde derivatives.

Fig. (1). Design concept for the synthesis of titled compounds.
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2. MATERIALS AND METHODS

2.1. General Information

Melting  points  of  the  synthesized  compounds  were  determined  using  digital  melting  point  apparatus  (Shital,
Mumbai) and are uncorrected. FTIR spectra were recorded on a Bruker FTIR spectrophotometer using KBr pellets. The
1H and 13C NMR spectra were recorded on a Bruker AVANCE II at 400 and 100/75 MHz, respectively; chemical shifts
are expressed in parts per million (δ ppm) relative to tetramethylsilane. Abbreviations used to describe the peak patterns
are: (b) broad, (s) singlet, (d) doublet, (t) triplet, and (m) multiplet.

Mass spectra (MS) were recorded in a JEOL GCMATE II GC-Mass spectrometer and Schimadzu QP 20105 GC-
Mass spectrometer. Analytical thin-layer chromatography (TLC) was performed on precoated TLC sheets of silica gel
60  F254  (Merck,  Darmstadt,  Germany)  visualized  by  long-  and  short-wavelength  UV  lamps.  Chromatographic
purifications  were  performed  on  Merck  silica  gel  (70-230  mesh).

2.2. General Procedure for the Synthesis of 1-(4-(1H-Pyrrol-1-yl) Phenyl)-3-Phenylprop-2-en-1-one (3a)

To a stirred alcoholic solution of pyrrolyl acetophenone 1 (1.57g, 0.01 mol), an alcoholic solution of substituted
aldehydes 2(a-o) (0.01 mol) and 40% sodium hydroxide (8 mL) were added with continuous stirring for 24-30 h. The
resultant mixture was poured onto crushed ice and neutralized with hydrochloric acid. The separated solid was filtered,
washed with water, dried and purified by column chromatography on a silica gel with ethyl acetate/petroleum ether
(6:4) mixture as the eluent. Similar procedure was used to synthesize compounds (3b-o) [16].

2.3. General Procedure for the Synthesis of 3-(4-(1H-Pyrrol-1-yl) Phenyl)-5-Phenyl-4,5-Dihydro-1H-Pyrazole-1-
Carbaldehydes (4a)

A mixture of chalcones (3a) (0.01 mmol), hydrazine hydrate 99% (0.01 mmol) and formic acid (5 mL) was refluxed
for 18 h to complete the reaction as confirmed by TLC. Then the reaction mixture was cooled to ambient temperature;
the separated solid was filtered, washed with cold ethanol, dried and purified by column chromatography on a silica gel
with ethyl acetate/petroleum ether (6:4) mixture as the eluent to afford the compounds in high purity with good yields.
The same procedure was used to synthesize compounds (4b-o).

(Yield 85%). mp 178-180oC; FTIR (KBr): υ, cm-1  3138, 3029 (Ar-H), 1688 (C=O), 1607 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.28 (dd, J=4.88, 4.84 Hz, 1H, pyrazoline-C4-Ha), 3.88 (dd, J=11.80, 11.76 Hz, 1H, pyrazoline-
C4-Hb),  5.60  (dd,  J=4.80  Hz,  1H,  pyrazoline-C5-Hx),  6.41  (t,  2H,  pyrrole-C3,  C4-H),  7.17  (t,  2H,  pyrrole-C2,  C5-H),
7.28-7.49 (m, 7H, bridging phenyl-C2, C6 and ph-C2, C3, C4, C5, C6-H), 7.83 (t, 2H, bridging phenyl-C3, C5-H), 9.00 (d, J
= 0.72 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3): δ, ppm: 159.87, 154.62, 142.17, 133.60, 129.48, 128.66, 127.97,
120.14, 111.25, 55.71, 39.26; MS (EI): m/z = found 315 [M+]; calcd. 315.14.

2.3.1. (4-(1H-Pyrrol-1-yl) Phenyl)-5-(4-Chlorophenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4b)

(Yield 70%). mp 168-170oC; FTIR (KBr): υ, cm-1  3138, 3030 (Ar-H), 1667 (C=O), 1527 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.20 (dd, J=4.96, 5.00 Hz, 1H, pyrazoline-C4-Ha), 3.84 (dd, J=11.80, 11.84 Hz, 1H, pyrazoline-
C4-Hb), 5.53 (dd, J=4.92 Hz, 1H, pyrazoline-C5-Hx), 6.38 (t, 2H, pyrrole-C3, C4-H), 7.14 (t, 2H, pyrrole-C2, C5-H), 7.19
(d, J=1.72 Hz, 2H, chloroph-C3, C5-H), 7.30 (t, 2H, chloroph-C2, C6-H), 7.46 (d, J=8.68 Hz, 2H, bridging phenyl-C2, C6-
H), 7.78 (d, J=1.68 Hz, 2H, bridging phenyl-C3, C5-H), 8.94 (d, J=0.36 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3): δ,
ppm: 160.01, 142.06, 132.06, 129.06, 128.03, 125.67, 120.08, 111.29, 59.14, 42.61; MS (EI): m/z = found 349 [M+];
calcd. 349.10.

2.3.2. (4-(1H-pyrrol-1-yl)phenyl)-5-(2,3-Dichlorophenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4c)

(Yield 70%). mp 163-165oC; FTIR (KBr): υ, cm-1  3108, 3066 (Ar-H), 1684 (C=O), 1528 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.12 (dd, J=5.08, 5.12 Hz, 1H, pyrazoline-C4-Ha), 3.97 (dd, J=11.80 Hz, 1H, pyrazoline-C4-Hb),
5.92 (dd, J=5.08 Hz, 1H, pyrazoline-C5-Hx), 6.38 (t, 2H, pyrrole-C3, C4-H), 7.06 (dd, 1H, chlorophenyl-C6-H), 7.13 (t,
2H, pyrrole-C2, C5-H), 7.21 (t, 1H, chloroph-C5-H), 7.40-7.45 (m, 3H, chloroph-C4-H and bridging phenyl-C2, C6-H),
7.75-7.78 (m, 2H, bridging phenyl-C3, C5-H), 9.04 (d, J=0.36 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3): δ, ppm:
160, 155.17, 142.34, 133.95, 129.90, 128.15, 127.85, 127.63, 120.01, 111.37, 57.32, 41.57.
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2.3.3. (4-(1H-pyrrol-1-yl)Phenyl)-5-(2,4-Dichlorophenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4d)

(Yield 75%). mp 228-230oC; FTIR (KBr): υ, cm-1  3080, 3050 (Ar-H), 1665 (C=O), 1525 (C=N); 1H NMR (400
MHz, CDCl3) δ ppm: 3.11 (dd, J=5.24, 5.20 Hz, 1H, pyrazoline-C4-Ha), 3.94 (dd, J=11.80, 11.84 Hz, 1H, pyrazoline-C4-
Hb), 5.85 (dd, J=5.16, 5.24 Hz, 1H, pyrazoline-C5-Hx), 6.38 (t, 2H, pyrrole-C3, C4-H), 7.08 (d, J=8.40 Hz, 1H, chloroph-
C6-H), 7.14 (t, 2H, pyrrole-C2, C5-H), 7.2-7.25 (m, 1H, chloroph-C5-H), 7.43-7.45 (m, 3H, chloroph-C3-H and bridging
phenyl-C2, C6-H), 7.75-7.78 (m, 2H, bridging phenyl-C3, C5-H), 9.02 (s, 1H, -CHO); MS (EI): m/z = found 383 [M+];
calcd. 383.06.

2.3.4. (4-(1H-pyrrol-1-yl)Phenyl)-5-(2,6-Dichlorophenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4e)

(Yield 70%). mp 208-210oC; FTIR (KBr): υ, cm-1  3118, 3099 (Ar-H), 1667 (C=O), 1525 (C=N); 1H NMR (400
MHz,  CDCl3)  δ  ppm:  3.40  (dd,  J=8.32  Hz,  1H,  pyrazoline-C4-Ha),  3.78  (dd,  J=12.84  Hz,  1H,  pyrazoline-C4-Hb),
6.21-6.26 (m, 1H, pyrazoline-C5-Hx), 6.39 (t, 2H, pyrrole-C3, C4-H), 7.15 (t, 2H, pyrrole-C2, C5-H), 7.20 (d, J=8.04 Hz,
1H, chloroph-C4-H), 7.28-7.48 (m, 4H, chloroph-C3, C5-H and bridging phenyl-C2, C6-H), 7.78-7.82 (m, 2H, bridging
phenyl-C3,  C5-H),  8.89  (d,  J=1.04  Hz,  1H,  -CHO);  13C NMR (100  MHz,  CDCl3):  δ,  ppm:  159.99,  154.67,  142.30,
139.05, 134.26, 129.26, 128.12, 127.20, 120.08, 111.35, 58.56, 42.45.

2.3.5. (4-(1H-pyrrol-1-yl)Phenyl)-5-(p-Tolyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4f)

(Yield 60%). mp 148-150oC; FTIR (KBr): υ, cm-1  3142, 3051 (Ar-H), 1686 (C=O), 1527 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.23 (dd, J=4.84 Hz, 1H, pyrazoline-C4-Ha), 3.83 (dd, J=11.76 Hz, 1H, pyrazoline-C4-Hb), 5.54
(dd, J=5.00, 4.68 Hz, 1H, pyrazoline-C5-Hx), 6.38 (t, 2H, pyrrole-C3, C4-H), 7.13-7.16 (m, 6H, pyrrole-C2, C5-H and
methylph-C2, C3, C5, C6-H), 7.43-7.46 (m, 2H, bridging phenyl-C2, C6-H), 7.77-7.80 (m, 2H, bridging phenyl-C3, C5-H),
8.95 (d, J=0.68 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3): δ, ppm: 160.24, 155.01, 142.49, 142.26, 131.19, 130.43,
129.96, 128.17, 124.82, 120.21, 111.33, 64.91, 42.61, 29.70; MS (EI): m/z = found 329 [M+]; calcd. 329.40.

2.3.6. (4-(1H-pyrrol-1-yl)phenyl)-5-(4-Methoxyphenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4g)

(Yield 70%). mp 112-114oC; FTIR (KBr): υ, cm-1  3136, 3075 (Ar-H), 1671 (C=O), 1529 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.24 (dd, J=4.84 Hz, 1H, pyrazoline-C4-Ha), 3.74-3.82 (m, 4H, pyrazoline-C4-Hb and -OCH3),
5.52 (dd, J=4.76, 4.72 Hz, 1H, pyrazoline-C5-Hx), 6.38 (t, 2H, pyrrole-C3, C4-H), 6.84-6.88 (m, 2H, methoxyph-C3, C5-
H), 7.14 (t, 2H, pyrrole-C2, C5-H), 7.17-7.21 (m, 2H, methoxyph-C2, C6-H), 7.43-7.46 (m, 2H, bridging phenyl-C2, C6-
H), 7.77-7.80 (m, 2H, bridging phenyl-C3, C5-H), 8.94 (d, J=0.92 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3): δ, ppm:
160.01, 159.35, 154.83, 142.16, 132.79, 128.10, 127.06, 120.05, 114.43, 111.30, 58.69, 55.30, 42.54; MS (EI): m/z =
found 345 [M+]; calcd. 345.15.

2.3.7. (4-(1H-Pyrrol-1-yl)Phenyl)-5-(3-Methoxyphenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4h)

(Yield 70%). mp 158-160oC; FTIR (KBr): υ, cm-1  3131, 3073 (Ar-H), 1668 (C=O), 1527 (C=N); 1H NMR (400
MHz,  CDCl3)  δ  ppm:  3.24  (dd,  J=4.84,  4.88  Hz,  1H,  pyrazoline-C4-Ha),  3.77-3.82  (m,  4H,  pyrazoline-C4-Hb  and  -
OCH3), 5.54 (dd, J=4.80, 4.76 Hz, 1H, pyrazoline-C5-Hx), 6.39 (t, 2H, pyrrole-C3, C4-H), 6.78-6.86 (m, 3H, methoxyph-
C2, C4, C6-H), 7.14 (t, 2H, pyrrole-C2, C5-H), 7.26 (t, 1H, methoxyph-C5-H), 7.43-7.46 (m, 2H, bridging phenyl-C2, C6-
H), 7.76-7.80 (m, 2H, bridging phenyl-C3, C5-H), 8.98 (d, J=0.92 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3): δ, ppm:
160.03, 154.79, 142.16, 130.20, 128.10, 120.07, 119, 113.18, 111.28, 59.06, 55.26, 42.63; MS (EI): m/z = found 345
[M+]; calcd. 345.15.

2.3.8. (4-(1H-Pyrrol-1-yl)Phenyl)-5-(2,4-Dimethoxyphenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4i)

(Yield 70%). mp 160-162oC; FTIR (KBr): υ, cm-1  3106, 3011 (Ar-H), 1671 (C=O), 1527 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.13 (dd, J=4.92 Hz, 1H, pyrazoline-C4-Ha), 3.69-3.82 (m, 7H, pyrazoline-C4-Hb and -2OCH3),
5.73  (dd,  J=4.88,  4.80  Hz,  1H,  pyrazoline-C5-Hx),  6.38  (t,  2H,  pyrrole-C3,  C4-H),  6.45  (dd,  J=2.32,  2.52  Hz,  1H,
methoxyph-C3-H), 6.48 (d, J=2.32 Hz, 1H, methoxyph-C5-H), 7.03 (d, J=8.36 Hz, 1H, methoxyph-C6-H), 7.14 (t, 2H,
pyrrole-C2, C5-H), 7.41-7.45 (m, 2H, bridging phenyl-C2, C6-H), 7.76-7.79 (m, 2H, bridging phenyl-C3, C5-H), 8.99 (d,
J=0.80 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3): δ, ppm: 160.67, 160.04, 157.27, 155.67, 141.45, 128.45, 127.12,
120.43, 119.01, 111.19, 104.24, 99.22, 55.49, 55.40, 55.10, 41.68.
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2.3.9. (4-(1H-Pyrrol-1-yl) Phenyl)-5-(3,4-Dimethoxyphenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4j)

(Yield 70%). mp 133-135oC; FTIR (KBr): υ, cm-1  3141, 3101 (Ar-H), 1679 (C=O), 1521 (C=N); 1H NMR (400
MHz, CDCl3) δ ppm: 3.26 (dd, J=4.92 Hz, 1H, pyrazoline-C4-Ha), 3.76-3.98 (m, 7H, pyrazoline-C4-Hb and -2OCH3),
5.53 (dd, J=4.88, 3.96 Hz, 1H, pyrazoline-C5-Hx), 6.39 (t, 2H, pyrrole-C3, C4-H), 6.77 (s, 1H, methoxyph-C6-H), 6.82 (s,
2H, methoxyph-C2, C5-H), 7.15 (t, 2H, pyrrole-C2, C5-H), 7.45-7.47 (m, 2H, bridging phenyl-C2, C6-H), 7.79-7.81 (m,
2H, bridging phenyl-C3, C5-H), 8.97 (d, J=0.88 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3): δ, ppm: 160.08, 154.86,
148.90, 142.21, 132.20, 128.10, 120.08, 118.99, 117.88, 111.67, 109.11, 58.97, 56, 55.97, 42.64; MS (EI): m/z = found
375 [M+]; calcd. 375.16.

2.3.10. (4-(1H-Pyrrol-1-yl)phenyl)-5-(4-Fluorophenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4k)

(Yield 70%). mp 123-125oC; FTIR (KBr): υ, cm-1  3144, 3070 (Ar-H), 1664 (C=O), 1526 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.22 (dd, J=4.92, 4.88 Hz, 1H, pyrazoline-C4-Ha), 3.85 (dd, J=11.80 Hz, 2H, pyrazoline-C4-Hb),
5.55 (dd, J=4.80, 4.84 Hz, 1H, pyrazoline-C5-Hx), 6.40 (dd, J=2.20, 3.24 Hz, 2H, pyrrole-C3, C4-H), 7.01-7.06 (m, 2H,
fluoroph-C3,  C5-H),  7.13-7.16  (m,  2H,  pyrrole-C2,  C5-H),  7.22-7.26  (m,  2H,  fluoroph-C2,  C6-H),  7.44-7.47  (m,  2H,
bridging phenyl-C2, C6-H), 7.77-7.80 (m, 2H, bridging phenyl-C3, C5-H), 8.95 (d, J=0.72 Hz, 1H, -CHO); 13C NMR (100
MHz, CDCl3); δ, ppm: 163.96, 160.77, 154.74, 142.28, 136.43, 128.12, 127.85, 120.07, 115.82, 111.34, 58.50, 42.54;
MS (EI): m/z = found 313 [M+]; calcd. 313.13.

2.3.11. (4-(1H-Pyrrol-1-yl)Phenyl)-5-(4-Isopropylphenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4l)

(Yield 70%). mp 140-142oC; FTIR (KBr): υ, cm-1  3106, 2923 (Ar-H), 1672 (C=O), 1526 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 1.25 (s, 1H, -CH(CH3)2), 3.12 (dd, J=4.92, 1H, pyrazoline-C4-Ha), 3.68-3.83 (m, 7H, pyrazoline-
C4-Hb  and –CH(CH3)2),  5.73  (dd,  J=4.84,  1H,  pyrazoline-C5-Hx),  6.38  (dd,  J=2.24,  2.76  Hz,  2H,  pyrrole-C3,  C4-H),
6.41-6.47 (m, 2H, isopropylph-C3, C5-H), 7.00-7.19 (m, 4H, pyrrole-C2, C5-H and isopropylph-C2, C6-H), 7.41-7.45 (m,
2H, bridging phenyl-C2, C6-H), 7.76-7.79 (m, 2H, bridging phenyl-C3, C5-H), 8.99 (d, J=0.92 Hz, 1H, -CHO); 13C NMR
(100 MHz, CDCl3); δ, ppm: 160.06, 155.72, 142.01, 128.43, 127.13, 125.64, 120.43, 111.28, 58.92, 42.58, 33.78, 23.88;
MS (EI): m/z = found 357 [M+]; calcd. 357.18.

2.3.12. (4-(1H-Pyrrol-1-yl)Phenyl)-5-(3-Bromophenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4m)

(Yield 75%). mp 168-170oC; FTIR (KBr): υ, cm-1  3138, 3100 (Ar-H), 1670 (C=O), 1524 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.21 (dd, J=5.00 Hz, 1H, pyrazoline-C4-Ha), 3.84 (dd, J=11.84 Hz, 1H, pyrazoline-C4-Hb), 5.52
(dd,  J=4.96,  4.80  Hz,  1H,  pyrazoline-C5-Hx),  6.38  (t,  2H,  pyrrole-C3,  C4-H),  7.13-8.12  (m,  10H,  pyrrole-C2,  C5,
bromoph-C2, C4, C5, C6-H and bridging phenyl-C2, C3, C5, C6-H), 8.96 (d, J=0.88 Hz, 1H, -CHO); 13C NMR (100 MHz,
CDCl3): δ, ppm: 160.04, 154.73, 142.93, 142.31, 133.29, 131.24, 128.76, 124.44, 123.16, 120.06, 111.71, 58.56, 42.50.

2.3.13. (4-(1H-pyrrol-1-yl)Phenyl)-5-(3-Phenoxyphenyl)-4,5-Dihydro-1H-Pyrazole-1-Carbaldehyde (4n)

(Yield 78%). mp 128-130oC; FTIR (KBr): υ, cm-1  3058 (Ar-H), 1678 (C=O), 1524 (C=N); 1H NMR (400 MHz,
CDCl3) δ ppm: 3.23 (dd, J=4.84, 4.88 Hz, 1H, pyrazoline-C4-Ha), 3.83 (dd, J=11.76 Hz, 1H, pyrazoline-C4-Hb), 5.55 (dd,
J=4.80, 4.76 Hz, 1H, pyrazoline-C5-Hx), 6.38 (t, 2H, pyrrole-C3, C4-H), 6.93-7.83 (m, 15H, pyrrole-C2, C5, phenoxyph-
C2, C4, C5, C6, C7, C8, C9, C10, C11-H and bridging phenyl-C2, C3, C5, C6-H), 8.97 (d, J=0.84 Hz, 1H, -CHO); 13C NMR
(100 MHz, CDCl3): δ, ppm: 160, 154.77, 142.16, 137.79, 129.71, 128.09, 125.64, 120.07, 119, 111.28, 58.96, 42.61.

2.3.14. (4-(1H-Pyrrol-1-yl)phenyl)-5-(Furan-2-yl)-4,5-Dihydro-1H-pyrazole-1-Carbaldehyde (4o)

(Yield 80%). mp 152-154oC; FTIR (KBr): υ, cm-1  3140, 3117 (Ar-H), 1670 (C=O), 1524 (C=N); 1H NMR (400
MHz, CDCl3): δ, ppm: 3.53 (dd, J=5.04 Hz, 1H, pyrazoline-C4-Ha), 3.68 (dd, J=11.60 Hz, 1H, pyrazoline-C4-Hb), 5.67
(dd,  J=5.00 Hz,  1H,  pyrazoline-C5-Hx),  6.33-6.39 (m,  4H,  pyrrole-C3,  C4-H and furan-C3,  C4-H),  7.14-7.17 (m,  2H,
pyrrole-C2, C5-H) 7.33 (dd, J=0.64, 0.60 Hz, 1H, furan- C5-H), 7.44-7.47 (m, 2H, bridging phenyl-C2, C6-H), 7.78-7.82
(m, 2H, bridging phenyl-C3,  C5-H),  8.90 (d,  J=0.88 Hz, 1H, -CHO); 13C NMR (100 MHz, CDCl3):  δ,  ppm: 160.04,
154.97, 150.90, 142.36, 142.21, 128.12, 120.04, 111.36, 110.65, 108.17, 52.54, 38.47; MS (EI): m/z = found 305 [M+];
calcd. 305.12.
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3. COMPUTATIONAL METHODS

Sybyl package was used to draw 3D structures (Tripos Associates, St. Louis, MO, USA) [30]. Tripose force field
was  used  for  geometric  optimization  [31]  using  a  distance  dependent-dielectric  function,  energy  gradient  of  0.001
kcal/mol and MMFF94 as the electrostatics. Repeated molecular dynamics-based simulated annealing approach was
implemented for the conformational analyses of all the 15 compounds. Molecules were heated up to 1000 K within
2000 fs, held at this temperature for 2000 fs and annealed to 0 K for 10,000 fs using an exponential annealing function.
By employing this procedure, 100 conformations were sampled out during the 100 cycles to account for conformational
flexibility to find the most likely stable conformations. All the conformations were minimized with Tripos force field
and atomic charges were calculated using MMFF94 (Merck Molecular Force Field) method.

3.1. Molecular Docking Using Surflex-Dock

Molecular  docking  was  performed  to  elucidate  the  type  of  binding  of  the  compounds  to  afford  uncomplicated
information  for  further  structural  optimization.  Surflex-Dock  that  adopted  an  experimental  scoring  function  and  a
patented searching engine [32, 33] was employed in molecular docking studies. The crystal structure of M. tuberculosis
enoyl reductase (InhA) complexed with 1-cyclohexyl-N-(3,5-dichlorophenyl)-5-oxopyrrolidine-3-carboxamide (PDB
ID  4TZK,  1.62  Å  X-ray  resolution)  was  downloaded  from  the  Brookhaven  Protein  Database  (PDB
http://www.rcsb.org/pdb). During the preparation of protein for docking study, ligands and water molecules present in
the crystal structure were removed (except co-factor NAD+), then the enzyme 4TZK was assigned with polar hydrogens
and united atom Amber7 FF99. Then, ligand-based mode was used to produce the “protomol”, keeping the threshold
and bloat parameters at their default values of 0.50 and 0 Å all the inhibitors were docked within the prepared protein.

Interaction mode of the ligand present in the crystal structure was used as a standard docked model against 4TZK
PDB.  The  maximum  of  20  numbers  of  maximum  orientations  per  ligand  was  set  with  no  constraints  to  perform
molecular docking. Docking complex was believed to show the ligand-receptor interactions, which was selected based
on three criteria: (i) docking score of the orientation possessed the highest docking score, (ii) orientation of aromatic
rings  of  the  ligand  into  the  active  site  in  a  similar  manner  with  the  co-crystallized  ligand  orientations,  and  (iii)
preservation  of  H-bonding  interactions  with  Tyr158  and  Co-factor  NAD+.  For  comparative  study  of  the  designed
molecules,  the  following  parameters  were  estimated  using  the  C-Score  module  of  the  Sybyl-X  2.0,  D_score  [34],
PMF_score [35], G_score [36] and Chem_score [37].

4. BIOLOGICAL ACTIVITY

4.1. Antitubercular Activities

Microplate almar blue assay method was used to study the inhibition of M. tuberculosis H37Rv of all the synthesized
compounds [38]. The 96 wells containing plate charged with 100 mL of Middlebrook 7H9 broth and serial dilution of
compounds with the drug concentrations of 0.2, 0.4, 0.8, 1.6, 3.125, 6.25, 12.5, 25, 50 and 100 mg/mL were added
directly on the plate, sealed with parafilm and incubated for 5 days at 37o C. Then a mixture (1:1) of almar blue reagent
and 10% Tween 80 (25 mL) were added to the plate and incubated for 24 h. Bacterial growth was interpreted by the
development  of  pink  color,  while  blue  color  suggests  no  bacterial  growth.  The  MIC,  defined  as  the  lowest  drug
concentration, prevented the color change from blue to pink. Table 1 reveals anti-TB activity data expressed in MIC.

Table 1. In vitro evaluation of antitubercular activity.

Compounds MIC values (µg/mL)
M. tuberculosis H37Rv

4a 100
4b 12.5
4c 12.5
4d 25
4e 25
4f 25
4g 6.25
4h 6.25
4i 3.125
4j 12.5

http://www.rcsb.org/pdb
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Compounds MIC values (µg/mL)
M. tuberculosis H37Rv

4k 12.5
4l 100

4m 12.5
4n 12.5
4o 50

pyrazinamide 3.125
streptomycin 6.25

4.2. MTT-Based Cytotoxicity Activity

Cellular  conversion  of  MTT  [3-(4,5-dimethylthiazo-2-yl)-2,5-diphenyl-tetrazolium  bromide]  into  a  formazan
product  [39]  was  used to  estimate  cytotoxic  activity  (IC50)  of  some of  the  compounds against  cell-line  A549 (lung
adenocarcinoma) up to concentrations of 100 µg/mL using 5×103cells/well in a 96-well flat-bottom micro plate and
maintained at 37C in 95% humidity and 5% CO2 for overnight using paclitaxel as the positive control. The IC50 values
are the averages (± SEM) of three independent experiments, which are presented in Table 2.

Table 2. MTT-based cytotoxicity activity of selected compounds at 100 µg/mL against human lung cancer cell line A549.

Compounds R IC50 (µg/mL)
4b 4-Cl 75.64
4h 3-OCH3 76.54
4i 2,4-diOCH3 73.32
4j 3,4-diOCH3 70.36
4l 4-CH(CH3)2 71.07

4m 3-Br 76.03
4n 3-phenoxy 72.87

paclitaxel -- 47.63
IC50 - is half maximal inhibitory concentration- it is the half maximal (50%) inhibitory concentration (IC) of a substance (50% IC, or IC50)

5. RESULTS AND DISCUSSION

5.1. Chemistry

Synthesis of all the compounds was carried out as depicted in Scheme (1). The Paal-Knorr synthesis involved the
reaction of diketone like 2,5-dimethoxy tetrahydrofuran with amine, which is among the most conventional method for
the synthesis of heterocyclic pyrrole ring. Hence, (4-pyrrol-1-yl)acetophenone (1) was obtained by forming pyrrole ring
using the amino group present at the para- position of aromatic ring of 4-amino acetophenone in the presence of dried
glacial  acetic  acid.  The  required  key  intermediates  viz.,  chalcones  (3a-o)  were  synthesized  using  Claisen-Schmidt
condensation reaction between (4-pyrrol-1-yl)acetophenone (1) and substituted aldehydes (2a-o) in the presence of 40%
alcoholic sodium hydroxide. Thus, synthesized chalcones (3a-o) were then cyclized to pyrazolyl carbaldehyde (4a-o) in
a solvent free atmosphere by treating with hydrazine hydrate and formic acid.

All  the  synthesized compounds were characterized by FTIR,  1H NMR, 13C NMR and mass  spectroscopy.  FTIR
showed  the  presence  of  carbonyl  and  C=N  groups  as  strong  absorption  bands  in  the  regions  1664-1688  cm-1  and
1521-1607 cm-1, respectively. In 1H NMR spectra resonating signals of formyl group (-CHO), protons are observed as
doublets  in  the  range  δ  8.89-9.04  ppm.  The  pyrazoline  protons  at  the  4-H  position  appeared  as  two  doublet  of
doublet/multiplet from δ 3.11-3.97 and that of protons at the 5-H position appeared as a doublet of doublet/triplet from δ
5.52-6.26.  The pyrrole  protons  at  the  3-H and 4-H positions  appeared as  a  triplet  from δ  6.38-6.41 ppm and those
protons  at  the  2-H  and  5-H  positions  resonated  as  triplet/multiplet  from  δ  7.06-7.17  ppm.  The  13C  NMR  spectra
exhibited characteristic signals of carbonyl carbon atom in the range of δ 159.87-163.96 ppm. The mass spectra showed
a precise molecular ion peak data for the respective compounds.

(Table 1) contd.....
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Scheme 1. Synthetic route of novel series of pyrrolyl carbaldehyde derivatives.

5.1.1. Antitubercular Activities

Anti-TB  activity  was  determined  for  compounds  4(a-o)  against  M.  tuberculosis  strain  H37Rv  by  a  microplate
alamar blue assay (MABA) using pyrazinamide and streptomycin as reference drugs and these results are depicted in
Table 1. The initial anti-TB evaluation showed that majority of compounds exhibited moderate to good activity. The
activities of compounds 4(a-o) are expressed in terms of MIC values. Compound 4i showed the highest activity with a
MIC value of 3.125 µg/ml, while compounds 4g and 4h showed better activity with a MIC value of 6.25 µg/ml. A good
anti-TB activity is due to the presence of pharmacologically active hetero-aryl pyrazoline ring with formyl group.

5.1.2. MTT-Based Cytotoxicity Studies

Certain therapeutic properties are to be determined to examine the antimycobacterial potential of a drug. Toxicity is
one of these criteria. Hence, we have investigated the potential toxicity of eight selected pyrrolyl derivatives (4b, 4h, 4i,
4j,  4l,  4m  and  4n)  towards  A549  (lung  adenocarcinoma)  cell-lines  up  to  concentrations  of  100  µg/mL.  These
compounds  showed  a  moderate  cytotoxicity  compared  to  paclitaxel  (see  Table  2).  Specifically,  the  most  potent
compounds viz., 4j and 4l exhibited a good safety profile as their IC50 value were 70.36 and 71.07 µmol/L, respectively
against A549 cell-line.
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5.2. Molecular Docking Results

To examine the mechanism of anti-TB activity and to understand the comprehensive intermolecular interactions
between the synthesized compounds and the enzyme, molecular docking studies were performed on the crystal structure
of M. tuberculosis enoyl reductase (InhA) complexed with 1-cyclohexyl-N- (3,5-dichlorophenyl)-5-oxopyrrolidine-3-
carboxamide (PDB ID 4TZK, 1.62 Å X-ray resolution) using surflex-dock programme of sybyl-X 2.0 software. Based
on the greater level of resistance associated with INH isolates against InhA, docking studies were performed on InhA
complex with 1-cyclohexyl-N-(3,5-dichlorophenyl)-5-oxopyrrolidine-3-carboxamide, which indicates the presence of
drug-receptor interactions. All the 15 inhibitors were docked into the active site of ENR as shown in Figs. (2A and B).
The predicted binding energies of the compounds are listed in Table (3). Superimposition of compounds 4i and 4g with
ligand of 4TZK is depicted in Fig. 3.

Table 3. Surflex dock scores (kcal/mol) of pyrrolyl carbaldehyde derivatives.

Compounds C scorea Crash scoreb Polar scorec D scored PMF scoree G scoref Chem scoreg

4TZK ligand 8.73 -1.39 1.18 -168.11 -49.19 -285.29 -37.47
4a 3.40 -1.41 0.83 -87.40 -41.73 -190.46 -27.90
4b 6.19 -1.37 1.69 -147.90 -47.25 -255.46 -42.47
4c 3.49 -0.48 1.05 -86.56 -47.61 -158.83 -29.30
4d 5.01 -1.94 1.92 -151.37 -51.20 -260.16 -43.90
4e 3.04 -0.55 1.12 -84.73 -43.52 -151.65 -29.31
4f 2.83 -3.07 0.12 -131.05 -33.56 -248.71 -34.59

4g* 8.12 -1.19 2.82 -152.40 -47.00 -257.44 -45.80
4h 6.56 -1.29 1.85 -142.70 -47.55 -244.00 -41.24
4i* 9.05 -1.14 2.80 -158.79 -44.58 -271.45 -45.43
4j 4.68 -0.65 0.01 -105.74 -66.28 -200.18 -29.53
4k 2.65 -0.92 0.03 -77.96 -45.30 -181.13 -25.78
4l 6.03 -2.35 2.04 -147.08 -49.99 -254.94 -44.66

4m* 6.85 -1.22 1.93 -143.05 -42.04 -249.57 -42.83
4n* 7.04 -1.31 0.78 -153.99 -43.07 -254.34 -39.23
4o 5.53 -0.87 0.00 -116.69 -44.22 -231.94 -32.73

* Astrisk indicates the compounds with better docking score.
a CScore (Consensus Score) integrates a number of popular scoring functions for ranking the affinity of ligands bound to the active site of a receptor
and reports the output of total score.
b  Crash-score  revealing  the  inappropriate  penetration  into  the  binding  site.  Crash  scores  close  to  0  are  favourable.  Negative  numbers  indicate
penetration.
c Polar indicating the contribution of polar interactions to the total score.
d D-score for charge and van der Waals interactions between the protein and the ligand.
e PMF-score indicating Helmholtz free energies of interactions for protein-ligand atom pairs (Potential of Mean Force, PMF).
f G-score showing hydrogen bonding, complex (ligand-protein), and internal (ligand-ligand) energies.
g Chem-score points for H-bonding, lipophilic contact, and rotational entropy, along with an intercept term.

The interaction of 4TZK ligand with the enzyme depicted in Figs.  (4A-C) shows that oxygen atom of carbonyl
group present on pyrrolidine ring has two H-bonding interactions with the hydrogens of TYR158 and NAD+ (-C=O -----
- H-TYR158, 1.84 Å; H-NAD+, 2.20 Å). As depicted in Figs. (5A-C), the oxygen atom of formyl group present at the
2nd position of pyrazoline ring of compound 4i exhibited two H-bonding interactions with the hydrogens of TYR158 and
NAD+ (-CHO ------ H-TYR158, 2.22 Å; H-NAD+, 1.99 Å), while the oxygen atom of -OCH3 present at the 4th position
of aromatic ring makes H-bonding interactions with MET98 (-OCH3  -----  H-MET98, 1.98 Å).  In Figs.  (6A-C),  the
oxygen atom of formyl group present  at  the 2nd  position of  pyrazoline ring of  compound 4g  makes two H-bonding
interaction with the hydrogens of TYR158 and NAD+ (-CHO ------ H-TYR158, 2.21 Å; H-NAD+, 2.01 Å), while the
oxygen atom of -OCH3 present at the 4th position of aromatic ring exhibited H-bonding interaction with MET98 (-OCH3

-----  H-MET98,  1.92  Å).  On  the  other  hand,  hydrophilic  (SER94,  SER123,  SER20,  NAD500,  SER19,  THR196,
ARG195,  GLN100,  GLN216,  GLN214,  GLU219,  TYR158,  ASN159,  THR162,  ASP150,  LYS165,  ASP148)  and
hydrophobic  (GLY96,  PHE97,  MET98,  PRO99,  TRP160,  MET161,  ILE21,  MET199,  ALA157,  PRO156,  ILE215,
ILE194, PRO193, PHE149,ALA198, LEU197) amino acid residues surrounded over the representative compound 4i
are represented in (Figs. 7A and B).
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Fig. (2). (A) Docked mode of all molecules; (B) Inside the proposed binding pocket of InhA.

Fig. (3). Orientation and superimposition of active analogs 4i (red) and 4g (yellow) over 4TZK crystal ligand (purple).
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Fig.  (4).  (A)  Docked  mode  of  4TZK_ligand;  (B)  Inside  the  proposed  binding  pocket  of  InhA;  (C)  3D  docked  view  of  the
4TZK_ligand. Binding site residues; red colored Try158 amino acid, blue colored co-factor NAD+ and the molecule is colored
according to atom type.

All the compounds showed consensus scores in the range of  9.05-2.65,  indicating the summary of  all  forces of
interactions between ligands and InhA. Charge and van der Waals interactions between protein and ligands varied from
-77.96 to -168.11.  Helmholtz free energies of  interactions for  protein ligands atom pairs  range between -33.56 and
-66.28. However, its H-bonding, complex (ligand-protein), and internal (ligand-ligand) energies range from -151.65 to
-285.29, while those values of -25.78 to -45.80 indicate the ligands due to H-bonding, lipophilic contact, and rotational
entropy as well as intercept terms. These scores indicate that molecules preferentially bind to InhA in comparison to
reference 4 TZK ligand (Table 3). In general, it is observed that -OCH3 and CHO groups make the H-bond at substrate
binding  site  and  the  presence  of  electron  donating  or  withdrawing  substitution  on  the  aromatic  ring  attached  to
pyrazoline moiety may be helpful to show the activity, while those of pyrrole and pyrazoline moieties help to occupy or
penetrate the molecule at the active sites.
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Fig. (5). (A) Docked mode of compound 4i; (B) Inside the proposed binding pocket of InhA; (C) 3D docked view of the compound
4i. Binding site residues; red colored MET98 amino acid, orange colored TYR158 amino acid, red-orange colored co-factor NAD+
and the molecule is colored according to atom type.

The Lipinski’s ‘rule of 5’ [40] was calculated for compounds 4(a-o) to evaluate their drug likeness property, which
in general  states that  an orally active drug did not have more than one violation viz.,  (i)  no more than five H-bond
donors, (ii) molecular weight < 500 daltons, (iii) cLogP not > 5, and (iv) no more than 10 H-bond acceptors [38]. We
have calculated theoretical cLogP, molecular weight (MW) and number of H-bond donors and acceptors using Sybyl-
X.2.0.  Examination  of  the  results  summerized  in  (Table  4),  suggests  that  compounds  4(a-o)  satisfied  the  range  of
physicochemical parameters established by the Lipinski’s rule.
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Fig. (6). (A) Docked mode of compounds 4g; (B) Inside the proposed binding pocket of InhA; (C) 3D docked view of the compound
4g. Binding site residues; red colored MET98 amino acid, orange colored TYR158 amino acid, red-orange colored co-factor NAD+
and the molecule is colored according to atom type.
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Fig. (7). (A) Hydrophilic and (B) Hydrophobic amino acids surrounded to representative compound 4i.

Table 4.  QSAR parameters: cLogP, molecular weight (MW), number of H bond donors and H bond acceptors value for
compounds 4(a-o).

Compounds cLogP Donor Acceptor Lipinski violations Mol. wt
4a 3.43 0 4 0 315.36
4b 4.14 0 4 0 349.81
4c 4.74 0 4 0 384.25
4d 4.86 0 4 0 384.25
4e 4.86 0 4 0 384.25
4f 3.93 0 4 0 329.39
4g 3.35 0 5 0 345.39
4h 3.35 0 5 0 345.39
4i 3.44 0 6 0 375.42
4j 3.09 0 6 0 375.42
4k 3.57 0 4 0 333.35
4l 4.86 0 4 0 357.44

4m 4.30 0 4 0 394.26
4n 5.53 0 5 1 407.46
4o 2.61 0 5 0 305.33

CONCLUSION

In  this  study,  novel  compounds  3-(4-(1H-pyrrol-1-yl)phenyl)-5-substituted  phenyl-4,5-dihydro-1H-pyrazole-1-
carbaldehydes  4(a-n)  and  3-(4-(1H-pyrrol-1-yl)phenyl)-5-(furan-2-yl)-4,5-dihydro-1H-pyrazole-1-carbaldehyde  (4o)
have been synthesized that were recognized as potent InhA inhibitors by in silico studies. These pyrrole derivatives
were further explored in search of novel anti-TB agents, identifying several derivatives with the reasonable inhibitory
activities against M. tuberculosis. Of all the compounds tested, compound 4i exhibited significant activity with a MIC
value  of  3.125  µg/mL  and  compounds  4g  and  4h  have  displayed  the  MIC  value  of  6.25  µg/mL  with  no  apparent
cytotoxicites  towards  human lung cancer  cell-line  (A549).  This  indicates  non-toxic  behaviour  of  chemophores  and
hence, they may be considered for further structural modification.

Molecular  docking  was  performed  to  understand  drug-receptor  interactions.  The  results  have  shown  that  the
compounds are mainly bound to the substrate binding site of InhA and the scoring function for most of the compounds
is similar to that of the reference inhibitor. The anti-TB activity of these compounds was fully supported by in silico
molecular docking calculations. The synthesized compounds were found to be useful as the lead compounds for further
developing InhA inhibitors. Our future goal is to identify the mechanism of action and explore the pyrrole analogues,
which might serve as a new template for further investigations amid selective and less toxic anti-TB agents to merit the
cost effective and reduced treatment time. More studies are underway to improve their efficiency against InhA and M.
tuberculosis.

 

  

A B 



106   The Open Medicinal Chemistry Journal, 2017, Volume 11 Dixit et al.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

No Animals/Humans were used for studies that are base of this research.

CONSENT FOR PUBLICATION

Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or otherwise.

ACKNOWLEDGEMENTS

The authors acknowledge financial support from the Council of Scientific and Industrial Research, New Delhi, India
(Letter  No.  02(0139)/13/EMR-II  dated-  12/04/2013).  We  thank  Dr.  H.  V.  Dambal,  President,  S.E.T’s  College  of
Pharmacy,  Dharwad,  India  for  his  support  and  Dr.  K.  G.  Bhat  of  Maratha  Mandal's  Dental  College,  Hospital  and
Research  Centre,  Belgaum,  India  for  providing  anti-TB  activities.  Director,  SAIF  Panjab  University,  Chandigarh,
Panjab, India has provided some of the NMR and mass spectral data.

REFERENCES

[1] Cohen, J. Medicine new TB drug promises shorter, simpler treatment. Science, 2004, 306(5703), 1872.
[http://dx.doi.org/10.1126/science.306.5703.1872] [PMID: 15591168]

[2] Dye, C.; Watt, C.J.; Bleed, D.M.; Hosseini, S.M.; Raviglione, M.C. Evolution of tuberculosis control and prospects for reducing tuberculosis
incidence, prevalence, and deaths globally. JAMA, 2005, 293(22), 2767-2775.
[http://dx.doi.org/10.1001/jama.293.22.2767] [PMID: 15941807]

[3] Cole, S.T.; Alzari, P.M. Towards new tuberculosis drugs. Biochem. Soc. Trans., 2007, 35(Pt 5), 1321-1324.
[http://dx.doi.org/10.1042/BST0351321] [PMID: 17956342]

[4] Heath, R.J.; Rock, C.O. Fatty acid biosynthesis as a target for novel antibacterials. Curr. Opin. Investig. Drugs, 2004, 5(2), 146-153.
[PMID: 15043388]

[5] White, S.W.; Zheng, J.; Zhang, Y.M.; Rock, C.O. The structural biology of type II fatty acid biosynthesis. Annu. Rev. Biochem., 2005, 74,
791-831.
[http://dx.doi.org/10.1146/annurev.biochem.74.082803.133524] [PMID: 15952903]

[6] Joshi,  S.D.;  Dixit,  S.R.;  More,  U.A.;  Aminabhavi,  T.M.;  Kulkarni,  V.H.;  Gadad,  A.K.  Enoyl  ACP reductase  as  effective  target  for  the
synthesized novel antitubercular drugs: a-state-of-the-art. Mini Rev. Med. Chem., 2014, 14(8), 678-693.
[http://dx.doi.org/10.2174/1389557514666140820112524] [PMID: 25138092]

[7] Banerjee, A.; Dubnau, E.; Quemard, A.; Balasubramanian, V.; Um, K.S.; Wilson, T.; Collins, D.; de Lisle, G.; Jacobs, W.R. Jr. InhA a gene
encoding a target for isoniazid and ethionamide Mycobacterium tuberculosis. Science, 1994, 263(5144), 227-230.
[http://dx.doi.org/10.1126/science.8284673] [PMID: 8284673]

[8] Zhang, Y.; Heym, B.; Allen, B.; Young, D.; Cole, S. The catalase-peroxidase gene and isoniazid resistance of Mycobacterium tuberculosis.
Nature, 1992, 358(6387), 591-593.
[http://dx.doi.org/10.1038/358591a0] [PMID: 1501713]

[9] Pan, P.; Tonge, P.J. Targeting InhA, the FASII enoyl-ACP reductase: SAR studies on novel inhibitor scaffolds. Curr. Top. Med. Chem., 2012,
12(7), 672-693.
[http://dx.doi.org/10.2174/156802612799984535] [PMID: 22283812]

[10] Lu, H.; Tonge, P.J. Inhibitors of FabI, an enzyme drug target in the bacterial fatty acid biosynthesis pathway. Acc. Chem. Res., 2008, 41(1),
11-20.
[http://dx.doi.org/10.1021/ar700156e] [PMID: 18193820]

[11] Heath, R.J.; Yu, Y.T.; Shapiro, M.A.; Olson, E.; Rock, C.O. Broad spectrum antimicrobial biocides target the FabI component of fatty acid
synthesis. J. Biol. Chem., 1998, 273(46), 30316-30320.
[http://dx.doi.org/10.1074/jbc.273.46.30316] [PMID: 9804793]

[12] Kuo, M.R.; Morbidoni, H.R.; Alland, D.; Sneddon, S.F.; Gourlie, B.B.; Staveski, M.M.; Leonard, M.; Gregory, J.S.; Janjigian, A.D.; Yee, C.;
Musser, J.M.; Kreiswirth, B.; Iwamoto, H.; Perozzo, R.; Jacobs, W.R., Jr; Sacchettini, J.C.; Fidock, D.A. Targeting tuberculosis and malaria
through inhibition of Enoyl reductase: compound activity and structural data. J. Biol. Chem., 2003, 278(23), 20851-20859.
[http://dx.doi.org/10.1074/jbc.M211968200] [PMID: 12606558]

http://dx.doi.org/10.1126/science.306.5703.1872
http://www.ncbi.nlm.nih.gov/pubmed/15591168
http://dx.doi.org/10.1001/jama.293.22.2767
http://www.ncbi.nlm.nih.gov/pubmed/15941807
http://dx.doi.org/10.1042/BST0351321
http://www.ncbi.nlm.nih.gov/pubmed/17956342
http://www.ncbi.nlm.nih.gov/pubmed/15043388
http://dx.doi.org/10.1146/annurev.biochem.74.082803.133524
http://www.ncbi.nlm.nih.gov/pubmed/15952903
http://dx.doi.org/10.2174/1389557514666140820112524
http://www.ncbi.nlm.nih.gov/pubmed/25138092
http://dx.doi.org/10.1126/science.8284673
http://www.ncbi.nlm.nih.gov/pubmed/8284673
http://dx.doi.org/10.1038/358591a0
http://www.ncbi.nlm.nih.gov/pubmed/1501713
http://dx.doi.org/10.2174/156802612799984535
http://www.ncbi.nlm.nih.gov/pubmed/22283812
http://dx.doi.org/10.1021/ar700156e
http://www.ncbi.nlm.nih.gov/pubmed/18193820
http://dx.doi.org/10.1074/jbc.273.46.30316
http://www.ncbi.nlm.nih.gov/pubmed/9804793
http://dx.doi.org/10.1074/jbc.M211968200
http://www.ncbi.nlm.nih.gov/pubmed/12606558


Pyrrolyl pyrazoline Carbaldehydes as Enoyl-ACP Reductase The Open Medicinal Chemistry Journal, 2017, Volume 11   107

[13] He, X.; Alian, A.; Stroud, R.; Ortiz de Montellano, P.R.; de Montellano, O. Pyrrolidine carboxamides as a novel class of inhibitors of enoyl
acyl carrier protein reductase from Mycobacterium tuberculosis. J. Med. Chem., 2006, 49(21), 6308-6323.
[http://dx.doi.org/10.1021/jm060715y] [PMID: 17034137]

[14] López, S.N.; Castelli, M.V.; Zacchino, S.A.; Domínguez, J.N.; Lobo, G.; Charris-Charris, J.; Cortés, J.C.; Ribas, J.C.; Devia, C.; Rodríguez,
A.M.; Enriz, R.D. In vitro antifungal evaluation and structure-activity relationships of a new series of chalcone derivatives and synthetic
analogues, with inhibitory properties against polymers of the fungal cell wall. Bioorg. Med. Chem., 2001, 9(8), 1999-2013.
[http://dx.doi.org/10.1016/S0968-0896(01)00116-X] [PMID: 11504637]

[15] Ducki, S.; Forrest, R.; Hadfield, J.A.; Kendall, A.; Lawrence, N.J.; McGown, A.T.; Rennison, D. Potent antimitotic and cell growth inhibitory
properties of substituted chalcones. Bioorg. Med. Chem. Lett., 1998, 8(9), 1051-1056.
[http://dx.doi.org/10.1016/S0960-894X(98)00162-0] [PMID: 9871706]

[16] Joshi, S.D.; Dixit, S.R.; Kirankumar, M.N.; Aminabhavi, T.M.; Raju, K.V.; Narayan, R.; Lherbet, C.; Yang, K.S. Synthesis, antimycobacterial
screening  and  ligand-based  molecular  docking  studies  on  novel  pyrrole  derivatives  bearing  pyrazoline,  isoxazole  and  phenyl  thiourea
moieties. Eur. J. Med. Chem., 2016, 107, 133-152.
[http://dx.doi.org/10.1016/j.ejmech.2015.10.047] [PMID: 26580979]

[17] Go, M.L.; Wu, X.; Liu, X.L. Chalcones: an update on cytotoxic and chemoprotective properties. Curr. Med. Chem., 2005, 12(4), 481-499.
[http://dx.doi.org/10.2174/0929867053363153] [PMID: 15720256]

[18] Parmar, V.S.; Sharma, N.K.; Husain, M.; Watterson, A.C.; Kumar, J.; Samuelson, L.A.; Cholli, A.L.; Prasad, A.K.; Kumar, A.; Malhotra, S.;
Kumar, N.; Jha, A.; Singh, A.; Singh, I.; Himanshu, ; Vats, A.; Shakil, N.A.; Trikha, S.; Mukherjee, S.; Sharma, S.K.; Singh, S.K.; Kumar, A.;
Jha, H.N.; Olsen, C.E.; Stove, C.P.; Bracke, M.E.; Mareel, M.M. Synthesis, characterization and in vitro anti-invasive activity screening of
polyphenolic and heterocyclic compounds. Bioorg. Med. Chem., 2003, 11(6), 913-929.
[http://dx.doi.org/10.1016/S0968-0896(02)00539-4] [PMID: 12614877]

[19] Joshi,  H.S.;  Popat,  K.H.;  Nimavt,  K.S.  Synthesis,  anticancer,  antitubercular  and  antimicrobial  activity  of  1-substituted-3aryl-5-  (3′-
bromophenyl)-pyrazolines. Indian J. Heterocycl. Chem., 2003, 12, 225-228.

[20] Drabu, S.; Rana, A.; Kumar, H. Synthsis, anti-inflammatory ulcerogenic and antibacterial activities of 1,3, 5-trisubstituted pyrazolines. Indian
J. Heterocycl. Chem., 2007, 16, 399-400.

[21] Johnson, M.; Younglove, B.; Lee, L.; LeBlanc, R.; Holt, H., Jr; Hills, P.; Mackay, H.; Brown, T.; Mooberry, S.L.; Lee, M. Design, synthesis,
and biological testing of pyrazoline derivatives of combretastatin-A4. Bioorg. Med. Chem. Lett., 2007, 17(21), 5897-5901.
[http://dx.doi.org/10.1016/j.bmcl.2007.07.105] [PMID: 17827004]

[22] Secci, D.; Carradori, S.; Bolasco, A.; Bizzarri, B.; D’Ascenzio, M.; Maccioni, E. Discovery and optimization of pyrazoline derivatives as
promising monoamine oxidase inhibitors. Curr. Top. Med. Chem., 2012, 12(20), 2240-2257.
[http://dx.doi.org/10.2174/156802612805220057] [PMID: 23276158]

[23] Yale, H.; Losee, K.; Martins, J.; Holsing, M.; Perry, F.; Bernstein, J. Chemotherapy of experimental tuberculosis. viii. the synthesis of acid
hydrazides, their derivatives and related compounds. J. Am. Chem. Soc., 1953, 75, 1933-1942.
[http://dx.doi.org/10.1021/ja01104a046]

[24] Gazave, J.M.; Buu-Hoi, N.P.; Xuong, N.D. Tuberculostatic activity of isonicotylamino-I, dimethyl-2,5, pyrrol (G.144), a structural analogue
of isoniazid. Therapie, 1957, 12(4), 486-492.
[PMID: 13467825]

[25] Joshi, S.D.; Dixit, S.R.; Kulkarni, V.H.; Lherbet, C.; Nadagouda, M.N.; Aminabhavi, T.M. Synthesis, biological evaluation and in silico
molecular modeling of pyrrolyl benzohydrazide derivatives as enoyl ACP reductase inhibitors. Eur. J. Med. Chem., 2017, 126, 286-297.
[http://dx.doi.org/10.1016/j.ejmech.2016.11.032] [PMID: 27889632]

[26] Joshi, S.D.; Vagdevi, H.M.; Vaidya, V.P.; Gadaginamath, G.S. Synthesis of new 4-pyrrol-1-yl benzoic acid hydrazide analogs and some
derived oxadiazole, triazole and pyrrole ring systems: a novel class of potential antibacterial and antitubercular agents. Eur. J. Med. Chem.,
2008, 43(9), 1989-1996.
[http://dx.doi.org/10.1016/j.ejmech.2007.11.016] [PMID: 18207286]

[27] Biava,  M.;  Porretta,  G.C.;  Poce,  G.;  De  Logu,  A.;  Saddi,  M.;  Meleddu,  R.;  Manetti,  F.;  De  Rossi,  E.;  Botta,  M.  1,5-Diphenylpyrrole
derivatives as antimycobacterial agents. Probing the influence on antimycobacterial activity of lipophilic substituents at the phenyl rings. J.
Med. Chem., 2008, 51(12), 3644-3648.
[http://dx.doi.org/10.1021/jm701560p] [PMID: 18494459]

[28] Joshi, S.D.; Dixit, S.R.; More, U.A.; Raju, K.V.; Narayan, R.; Aminabhavi, T.M.; Kulkarni, V.H. 3D-QSAR and molecular docking studies of
1, 3, 4-oxadiazoles containing substituted phenoxy fragment as inhibitors of enoyl-acyl carrier protein reductase from Escherichia coli. Med.
Chem. Res., 2014, 23, 4542-4558.
[http://dx.doi.org/10.1007/s00044-014-1013-1]

[29] Joshi, S.D.; More, U.A.; Dixit, S.R.; Korat, H.H.; Aminabhavi, T.M.; Badiger, A.M. Synthesis, characterization, biological activity, and 3D-
QSAR studies on some novel class of pyrrole derivatives as antitubercular agents. Med. Chem. Res., 2014, 23, 1123-1147.
[http://dx.doi.org/10.1007/s00044-013-0709-y]

[30] Tripos International. Sybyl-X 2.0; Tripos International: St. Louis, MO, USA, 2012.

[31] Clark, M.; Cramer, R.D.; van Opdenbosch, N. Validation of the general purpose tripos 5.2 force field. J. Comput. Chem., 1989, 10, 982-1012.
[http://dx.doi.org/10.1002/jcc.540100804]

http://dx.doi.org/10.1021/jm060715y
http://www.ncbi.nlm.nih.gov/pubmed/17034137
http://dx.doi.org/10.1016/S0968-0896(01)00116-X
http://www.ncbi.nlm.nih.gov/pubmed/11504637
http://dx.doi.org/10.1016/S0960-894X(98)00162-0
http://www.ncbi.nlm.nih.gov/pubmed/9871706
http://dx.doi.org/10.1016/j.ejmech.2015.10.047
http://www.ncbi.nlm.nih.gov/pubmed/26580979
http://dx.doi.org/10.2174/0929867053363153
http://www.ncbi.nlm.nih.gov/pubmed/15720256
http://dx.doi.org/10.1016/S0968-0896(02)00539-4
http://www.ncbi.nlm.nih.gov/pubmed/12614877
http://dx.doi.org/10.1016/j.bmcl.2007.07.105
http://www.ncbi.nlm.nih.gov/pubmed/17827004
http://dx.doi.org/10.2174/156802612805220057
http://www.ncbi.nlm.nih.gov/pubmed/23276158
http://dx.doi.org/10.1021/ja01104a046
http://www.ncbi.nlm.nih.gov/pubmed/13467825
http://dx.doi.org/10.1016/j.ejmech.2016.11.032
http://www.ncbi.nlm.nih.gov/pubmed/27889632
http://dx.doi.org/10.1016/j.ejmech.2007.11.016
http://www.ncbi.nlm.nih.gov/pubmed/18207286
http://dx.doi.org/10.1021/jm701560p
http://www.ncbi.nlm.nih.gov/pubmed/18494459
http://dx.doi.org/10.1007/s00044-014-1013-1
http://dx.doi.org/10.1007/s00044-013-0709-y
http://dx.doi.org/10.1002/jcc.540100804


108   The Open Medicinal Chemistry Journal, 2017, Volume 11 Dixit et al.

[32] Jain,  A.N.  Scoring  noncovalent  protein-ligand interactions:  A continuous  differentiable  function  tuned to  compute  binding affinities.  J.
Comput. Aided Mol. Des., 1996, 10(5), 427-440.
[http://dx.doi.org/10.1007/BF00124474] [PMID: 8951652]

[33] Jain, A.N. Surflex: fully automatic flexible molecular docking using a molecular similarity-based search engine. J. Med. Chem., 2003, 46(4),
499-511.
[http://dx.doi.org/10.1021/jm020406h] [PMID: 12570372]

[34] Kuntz, I.D.; Blaney, J.M.; Oatley, S.J.; Langridge, R.; Ferrin, T.E. A geometric approach to macromolecule-ligand interactions. J. Mol. Biol.,
1982, 161(2), 269-288.
[http://dx.doi.org/10.1016/0022-2836(82)90153-X] [PMID: 7154081]

[35] Muegge, I.; Martin, Y.C. A general and fast scoring function for protein-ligand interactions: A simplified potential approach. J. Med. Chem.,
1999, 42(5), 791-804.
[http://dx.doi.org/10.1021/jm980536j] [PMID: 10072678]

[36] Jones, G.; Willett, P.; Glen, R.C.; Leach, A.R.; Taylor, R. Development and validation of a genetic algorithm for flexible docking. J. Mol.
Biol., 1997, 267(3), 727-748.
[http://dx.doi.org/10.1006/jmbi.1996.0897] [PMID: 9126849]

[37] Eldridge, M.D.; Murray, C.W.; Auton, T.R.; Paolini, G.V.; Mee, R.P. Empirical scoring functions: I. The development of a fast empirical
scoring function to estimate the binding affinity of ligands in receptor complexes. J. Comput. Aided Mol. Des., 1997, 11(5), 425-445.
[http://dx.doi.org/10.1023/A:1007996124545] [PMID: 9385547]

[38] Lourenco, M.C.; deSouza, M.V.; Pinheiro, A.C.; Ferreira, M.L.; Goncalves, B.R.; Nogneira, T.C.; Peralta, M.A. Evaluation of anti-tubercular
activity of nicotinic and Isoniazid analogues. ARKIVOC, 2007, xv, 181-191.

[39] Shah, T.; Joshi, K.; Mishra, S.; Otiv, S.; Kumbar, V. Molecular and cellular effects of vitamin B12 forms on human trophoblast cells in
presence of excessive folate. Biomed. Pharmacother., 2016, 84, 526-534.
[http://dx.doi.org/10.1016/j.biopha.2016.09.071] [PMID: 27693961]

[40] Lipinski,  C.A.;  Lombardo,  F.;  Dominy,  B.W.;  Feeney,  P.J.  Experimental  and  computational  approaches  to  estimate  solubility  and
permeability in drug discovery and development settings. Adv. Drug Deliv. Rev., 2001, 46(1-3), 3-26.
[http://dx.doi.org/10.1016/S0169-409X(00)00129-0] [PMID: 11259830]

© 2017 Dixit et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

http://dx.doi.org/10.1007/BF00124474
http://www.ncbi.nlm.nih.gov/pubmed/8951652
http://dx.doi.org/10.1021/jm020406h
http://www.ncbi.nlm.nih.gov/pubmed/12570372
http://dx.doi.org/10.1016/0022-2836(82)90153-X
http://www.ncbi.nlm.nih.gov/pubmed/7154081
http://dx.doi.org/10.1021/jm980536j
http://www.ncbi.nlm.nih.gov/pubmed/10072678
http://dx.doi.org/10.1006/jmbi.1996.0897
http://www.ncbi.nlm.nih.gov/pubmed/9126849
http://dx.doi.org/10.1023/A:1007996124545
http://www.ncbi.nlm.nih.gov/pubmed/9385547
http://dx.doi.org/10.1016/j.biopha.2016.09.071
http://www.ncbi.nlm.nih.gov/pubmed/27693961
http://dx.doi.org/10.1016/S0169-409X(00)00129-0
http://www.ncbi.nlm.nih.gov/pubmed/11259830
https://creativecommons.org/licenses/by/4.0/legalcode


Indian Journal of Pharmaceutical Education and Research | Vol 51 | Issue 4 | Oct-Dec, 2017 525

Original Article

www.ijper.org

Formulation and Characterization of Tapentadol 
Loaded Emulgel for Topical Application

Nitin Prabhakar Ambhore*, Panchaxari Mallapa Dandagi, Anand Panchaxari Gadad, Paresh Mandora
Department of Pharmaceutics, KLE University College of Pharmacy,  Belagavi-590010, Karnataka, INDIA.

ABSTRACT
Background: Tapentadol is a centrally acting analgesic drug which falls under class III 
drug as per biopharmaceutical classification systems having poor bioavailability. Aim: 
Therefore, present study was aimed at solubility and permeability enhancement of 
Tapentadol using emulsomes loaded emulgel drug delivery system. Methods: Emulgel 
was prepared using data light liquid paraffin, Tween 20 and PEG 400 as Surfactant and 
Co-surfactant respectively. For preparation of stable Emulgel, 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. Ex vivo drug release study 
was done and compared to in vitro drug release of optimized formulation X2Q1. Physico-
Chemical Evaluation: Total nine Emulgel formulations were prepared and evaluated for 
self-emulsification time, dispersibility, droplet size analysis, stability studies, turbidimetry, 
zeta potential, drug content and in vitro and ex vivo drug release. Results: Among all 
the formulations, optimized formulation X2Q1 with 1.5% carbopol 981 and optimized 
Q1 emulsion formulation showed in vitro drug release of 90.03  % at the end of 8 hrs. 
Based on results of self-emulsification time & dispersibility, droplet size analysis, drug 
content and in vitro drug release the X2Q1 formulation was selected as an optimized 
formulation which showed a maximum drug release in vitro and ex vivo and extended 
drug release up to eight hrs. The optimized formulation found to be stable, non-irritant 
and safe for topical drug delivery. Conclusion: Hence emulgel formulations can be a 
potential alternative to traditional oral drug delivery systems of Tapentadol to improve 
its bioavailability.

Key words: Tapentadol, Microemulsion, Emulgel, Skin Permeation, Optimization, Topical 
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INTRODUCTION
Tapentadol is a centrally acting analgesic 
believed to act through a dual mechanism 
as opioid receptor agonist and an inhibitor  
of  norepinephrine reuptake, approved for 
treatment of  moderate to severe pain in  
adults 18 years and older. It is also specifically  
indicated for controlling the pain of  diabetic  
neuropathy when opioid medication is 
required. The short biological half-life 
(about 4 hr) and the usual oral dosage regimen  
is 50 to 100 mg every 4 to 6 h with a maximum  
dosage of  600 mg/day. It is 18 times less 
potent than morphine in terms of  binding 
to human mu-opioid receptors. Tapentadol 
is available in the dose of  50 mg, 75 mg,  
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and 100 mg in the form of  oral tablets. 
Tapentadol has an oral bioavailability of    
31.9 ± 6.8%, protein binding of  20% and 
t1/2 of  4 hrs. It is metabolized hepaticaly.1 
Oral drug delivery is most desirable route of  
administration because of  its high patient 
satisfactoriness, flexibility in formulation 
and stability.2 Factors that often impact the 
absorption of  orally administered drugs 
include frequent dosing which results in 
fluctuation of  plasma drug concentration  
and finally toxicity.3 The low bioavailability  
and very less half  life the frequency of  
administration is more causes poor patient 
compliance. The low oral bioavailability and 
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study was water titration method. The surfactant and 
co-surfactant was mixed in the ratio of  1:1, 2:1 & 3:1 
keeping the co-surfactant concentration constant and 
varying the surfactant concentration. The surfactant 
and co-surfactant were mixed in a ratio and vortexed 
for 5 mins. Then the oil was added to surfactant and 
co-surfactant in the ratio ranging from 1:9 to 9:1 respec-
tively. The water was added to the mixture drop by drop 
by burette and then the mixture was observed for any  
turbidity or gel formation. The point at which turbidity  
or gel formation is observed is considered as the end 
point of  titration. The data obtained was feed in the 
Chemix School 3.60 software to obtain the area of  
emulsification.10

Preparation of Emulsion
Water titration method was employed for the preparation  
of  microemulsion. The concentrations of  oil, water, 
surfactant and cosurfactant were varied in each case  
keeping the concentration of  drug constant and displayed  
in Table 1. Predetermined amount of  drug was accu-
rately weighed and dissolved in oil.
Surfactant and co-surfactant were added to oily solution 
of  the drug and mechanically stirred (Magnetic stirrer) 
form an emulsion. Water was added drop wise to the 
emulsion till the formation of  a transparent mixture. 
Formation of  transparent solution indicates formation 
of  microemulsion.

Evaluation of Prepared Microemulsion
Drug Content of Emulsion
1 ml of  emulsion was taken and it was added to 10 ml 
volumetric flask and then the volume was made with 
chloroform and then further dilutions were made and 
UV absorbance was taken at 273 nm. The blank was 
prepared by preparing microemulsion without drug and 
then 1ml from that was taken and it was added to 10 ml 
volumetric flask and  serial dilutions were made with 
chloroform and then the UV readings were taken, the 
values obtained was used to calculate the concentration 
of  drug in emulsion.

Globule Size Determination
The globule size distribution of  the formulations was 
measured by Dynamic Light Scattering Particle Size 
Analyzer (Nanotrac Particle Size Analyzer). The range 
of  the analyzer is 0.02 nm to 2.8 µm. 01 ml of  the emul-
sion was taken and it was diluted to 250 ml with distilled 
water and then the readings were taken.

Zeta Potential 
The zeta potential is defined as the difference in potential  
between the surface of  the tightly bound layer (shear 

plane) and the electro-neutral region of  the solution. Zeta 
potential was measured by using Zeta meter instrument.

Formulation of Emulgel
The gel base was prepared by soaking the gelling agent 
overnight in a sufficient quantity of  water and then the 
emulsion equivalent to 0.5% was incorporated in the gel 
base to give emulgel. The different batches of  emulgel 
were prepared according to the formulation chart given 
in Table 2 and 3.

Characterisation of Emulgel
Physical Examination
The prepared Emulgel formulations were inspected 
visually for their color, homogeneity and consistency.

Drug Content
1 gm of  emulgel was accurately weighed and it was 
dissolved in 100 ml of  chloroform and it was kept for 
sonication for 2 hrs. The solution was passed through 
filter paper and filtered. The absorbance was measured  
spectrophotometrically at 273 nm against corresponding  
Emulgel without drug as blank. Drug content was  
calculated using the slope and the intercept obtained by 
linear regression analysis of  standard calibration curve. 
Experiments were carried out in triplicates.

pH
The pH of  various emulgel formulations were deter-
mined by using digital pH meter.
1 g. of  emulgel was dissolved in 100 ml distilled water 
and stored for 2 hrs. The measurement of  pH of  each 
formulation was done in triplicate. 

Viscosity
The measurement of  viscosity of  the prepared emulgel 
was done with a Brookfield Rheometer. The emulgel 
was rotated at 1 rpm and the corresponding dial reading 
was noted. The viscosity of  the gel was obtained by that 
reading. The viscosity was measured in cps. 

Spreadability
It indicates the extent of  area to which emulgel readily 
spreads on application to skin or affected part the upper 
slide was noted down. A weighed quantity (350 mg) of  
emulgel was taken on a glass plate (10×5 cm). Another 
glass plate (10×5 cm and 5.8   ±  1 g) was dropped from 
a distance of  5 cm .The diameter of  the circle of  spread 
was measured after 1 min.11

Extrudability
Extrudability test is based upon the determination of  
weight required to extrude 0.5 cm ribbon of  emulgel in 

short half  life intend to go for topical route of  admin-
istration.
Topical delivery can be defined as the application of  
drug containing formulation to skin to directly treat the  
cutaneous disorders or the cutaneous manifestation  
of  general disease with the intent of  confining the  
pharmacological or other effect of  the drug to the surface  
of  skin or within the skin. Most widely used semisolid 
preparations includes gel, creams, ointments etc
The USP defines gel as a semisolid system consisting  
of  dispersions made up of  either small inorganic particles  
or large organic molecules enclosing and interpen-
etrated by liquid. The gel contains larger amount of   
aqueous or hydro alcoholic liquid in a network of   
colloidal solid particles which may consist of  inorganic 
or organic substances. Inspite of  many advantages 
of  gels a major limitation is in the delivery extended 
release of  hydrophilic drugs. So to over this limitation 
an emulsion based approach is being used so that even 
a hydrophobic therapeutic moiety can enjoy the unique 
properties of  gels.
When emulsions and gels are used in combined form the 
dosage form is referred to as “Emulgel”. The presence 
of  gelling agent in the water phase converts the classical 
emulsion into an emulgel. The Emulgel are hydrogel 
containing randomly distributed oil micro droplets.
Emulsions are biphasic systems in which one immis-
cible liquid is dispersed into other due to which the 
system becomes unstable and so stabilized by adding 
emulsifying agent. Emulsion itself  is a controlled release 
system where entrapped drug particles in internal phase 
passes through the external phase and then slowly gets  
absorbed into the skin. The gel forms a cross linked  
network where it captures small drug particles and  
provides its release in a control manner.
Emulgel are emulsions either oil-in-water or water- 
in-oil type which are gelled by mixing with a gelling 
agent. They have high patient acceptability because 
of  its favourable properties such as being thixotropic,  
greaseless, easily spreadable, easily removable, emollient, 
nonstaining, long shelf  life, bio friendly, transparent and 
pleasing appearance.4,5

Microemulsions are homogeneous, transparent, thermo-
dynamically stable dispersions of  water and oil stabi-
lized by addition of  surfactant, usually in combination 
with co-surfactant and whose droplet size is in the range 
of  20-200 nm. Since microemulsions have large surface 
area, they can incorporate in their core larger quantities 
of  molecules which are insoluble in continuous phase.  
The main difference between emulsion and micro-
emulsion is the size and the shape of  the droplets and 

since the size of  the droplets in microemulsion is much 
smaller than the wavelength of  visible light the micro-
emulsions are transparent. The microemulsions are 
prepared with high concentration of  surfactant which 
is useful in the greater solubilisation of  drugs and also 
requires lesser amount of  energy. 
To overcome the disadvantages of  Tapentadol in the 
oral delivery an attempt has been made in the present 
study to formulate emulgel of  Tapentadol by incorpo-
rating microemulsion of  tapentadol in the gel base.

MATERIALS AND METHODS
Tapentadol HCl was procured from Precises Chemi-
pharma Pvt. Ltd, Mumbai. Light liquid paraffin was 
procured from S.D Fine Chem Limited Mumbai. Tween 
20, PEG400, Carbopol 940 NF, Carbopol 934 NF was 
procured from Hi-media Pvt Ltd Mumbai. Carbopol 
981 NF was procured from Lubrizole Mumbai.

Saturation Solubility of Oils, Surfactant and  
Co-Surfactant
Saturation Solubility in Oils
Excess amount of  drug was added to 10 ml vials  
containing 10 ml of  oils (Castor oil, sunflower oil, 
coconut oil and oleic acid) and then it was kept on a 
mechanical shaker for 72 hrs. After 72 hrs solution was 
centrifuged for 10mins at 3000 rpm and then the super-
natant was filtered and then UV absorbance was taken 
at 273 nm by suitable dilution with buffer.6,7

Saturation Solubility in Surfactants 
Excess amount of  drug was added to 10ml of  vials 
containing 10 ml of  surfactants (Tween 20, Tween 60, 
Tween 80,) and it was kept on a mechanical shaker for 
72 hrs. After 72 hrs solution was centrifuged for 10 min 
at 3000 rpm and then the supernatant was filtered and 
UV absorbance was taken at 273 nm by suitable dilution 
with buffer.

Saturation Solubility of Tapentadol with  
Co-Surfactant
Excess amount of  drug was added to 10ml of  co-surfac-
tant (PEG 400, PEG 600 and Propylene Glycol) and it 
was kept on a mechanical shaker for 72 hrs. After 72 hrs, 
solution was centrifuged for 10 mins at 3000 rpm and 
then the supernatant was filtered and UV absorbance  
was taken at 273 nm by suitable dilution with chloro-
form.8,9

Construction of pseudoternary phase Diagrams
Pseudoternary phase diagrams were constructed using 
Chemix school 3.60 software. The method used for 
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Table 1: Formulation Table of Tapentadol Emulsion
Sr no. Formulation 

code
S:Cos 

ratio[Smix]
Oil: Smix 

ratio
Amount 
of drug 

added (mg)

Approx Theoretical 
drug content(mg)

Total volume of 
mixture (ml)

Amount of 
water (ml)

1 P1 1:1 1:9 250 230.209 10 0.6

2 P2 1:1 2:8 250 200.350 10 0.4

3 P3 1:1 3:7 250 190.000 10 0.5

4 Q1 2:1 1:9 250 226.430 10 0.6

5 Q2 2:1 2:8 250 217.703 10 0.4

6 Q3 2:1 3:7 250 205.37 10 0.5

7 R1 3:1 1:9 250 213.90 10 0.6

8 R2 3:1 2:8 250 211.035 10 0.5

9 R3 3:1 1:9 250 207.50 10 0.3

*Data are expressed as Mean   ±  S.D. (n=3)

Table 2: Formulation Table of Tapentadol Emulgel for Polymer Concentration 1.5%
INGREDIENTS X1P1 X2Q1 Y1P1 Y2Q1 Z1P1 Z2Q1

Tapentadol emulsion  
equivalent to 0.25%

Carbopol 981
Carbopol 934
Carbopol 940

Glycerin
Triethanol amine
Methyl Paraben
Propyl Paraben

Distilled water q.s

0.25%

1.5%

1%
0.02%
0.03%
0.03%

100

0.25%

1.5%

1%
0.02%
0.03%
0.03%

100

0.25%

1.5%

1%
0.02%
0.03%
0.03%

100

0.25%

1.5%

1%
0.02%
0.03%
0.03%

100

0.25%

1.5%

1%
0.02%
0.03%
0.03%

100

0.25%

1.5%

1%
0.02%
0.03%
0.03%

100

*Data are expressed as Mean   ±  S.D. (n=3)

Table 3: Formulation Table of Tapentadol Emulgel for Polymer Concentration 2%
INGREDIENTS X’1P1 X’2Q1  Y’1P1 Y’2Q1 Z’1P1 Z’2Q1 

Tapentadol emulsion
equivalent to 0.25 %

0.25% 0.25% 0.25% 0.25% 0.25% 0.25%

Carbopol 981 2% 2%

Carbopol 934 2% 2%

Carbopol 940 2% 2%

Glycerin 1% 1% 1% 1% 1% 1%

Triethanol amine 0.02% 0.02% 0.02% 0.02% 0.02% 0.02%

Methyl Paraben 0.03% 0.03% 0.03% 0.03% 0.03% 0.03%

Propyl Paraben 0.03% 0.03% 0.03% 0.03% 0.03% 0.03%

Distilled water q.s 100 100 100 100 100 100

*Data are expressed as Mean   ±  S.D. (n=3)

10 sec from lacquered collapsible aluminium tube. The 
test was performed in triplicate and the average values 
were calculated. The extrudability was then calculated 
by using the following formula.12

2

Weight applied to extrude
emulgel from tube (in g)

Extrudability
Area ( in cm )

=

In vitro Release Study

The in vitro drug release studies of  the Emulgel were  
carried out in modified Franz Diffusion cell using dialysis  
membrane. The membrane was soaked in Phosphate 
buffer of  pH 6.8 for 9-12 h and was clamped carefully 
between the donor and receptor compartment. Then 
Emulgel (1 g) was spread uniformly on the dialysis 

membrane. 50 ml of  the Phosphate buffer of  pH 6.8 
was used as dissolution media which was added to the 
receptor compartment. The donor compartment was 
kept in contact with receptor compartment. This whole 
assembly was kept on a magnetic stirrer and the solution 
on the receptor side was stirred continuously using a  
magnetic bead and temperature of  the cell was maintained  
at 37 ± 0.5° Sample (1ml) was withdrawn at suitable 
time intervals and replaced with the equal amounts of  
fresh dissolution media. Samples were analyzed spectro-
photometrically at 273 nm and the cumulative % drug 
release was calculated. The graph is plotted of   % cumu-
lative drug releases versus time.13

Ex Vivo Drug Diffusion
The abdominal skin of  full thickness was excised from 
the rats weighing 105-120 g, free from any visible sign of  
diseases. This was mounted in the donor compartment. 
The emulgel was placed over it and the permeation 
study was carried out. The drug release was compared 
with that of  optimized tapentadol emulgel formulation.

Skin Irritation Test
The skin irritation test was performed on the male 
wistar rats. The animals were divided in three groups 
i.e. control, standard and test. The back skin of  the rat 
of  5cm2 was shaven one day prior to the starting of  
the study. After 24 hrs of  shaving the skin of  rat the 
standard group was applied with 0.9% of  saline which 
is the standard irritant and the test group was applied 
with the optimized formulation X2Q1 and the rats were  
observed for any irritation at the end of  24hrs the  
animals were observed for any skin irritation like erythema  
or edema and score were given accordingly.

Stability Studies
Short term stability study was performed on the opti-
mized formulation. The formulation was subjected to 
different conditions of  temperature and relative humidity  
i.e. 25oc/ 60 % RH and 40oC / 65 % RH for a period 
of  2 months. Samples were withdrawn at the interval of  
1 month and were evaluated for rheological properties, 
drug content.14

RESULTS AND DISCUSSION
Saturation Solubility in Oils, Surfactant and  
Co-Surfactant
The various oils used for study were oleic acid, coconut 
oil, castor oil and sunflower oil, light liquid paraffin. The 
solubility in light liquid paraffin was found to be 3mg/ml  
that was the maximum solubility compared to other oils. 
The graphical representation is shown in Figure 1. The 

different type of  surfactants used for solubility studies 
were Tween 20, Tween 60, Tween 80, Span 20, Span 
80 and co-surfactants used were PEG 400, PEG 600 
and Propylene glycol. The maximum solubility among  
surfactants were found in case of  Tween 20 i.e. 10 mg/ml  
and in case of  co-surfactants is of  PEG400 i.e. 15mg/ml.  
the results of  the solubility of  surfactant and its graphical  
representation was shown in Figure 2 and 3. So based  
on the solubility light liquid paraffin (oil), Tween 20 
(surfactant) and PEG 400(co-surfactant) were selected 
for the preparation of  emulsion.

Construction of Pseudoternary Phase Diagram 
The construction of  phase diagrams makes it easy to 
find out the concentration range of  components for 
existence range of  microemulsions. The selected oil, 
surfactant and co-surfactant based on solubility studies 
were used to construct the phase diagrams. The method 
used is water titration method. All possible region for 
emulsion formation at all possible ratios of  surfactant: 
co-surfactant: oil was represented. Based on solubility  
study the oil, surfactant and co-surfactant having  
highest solubility were selected and then for the con-
struction of  pseudoternary phase diagram construction 
the ratio of  co-surfactant was kept constant but the 
ratio of  surfactant was varied from 1:1, 2:1 and 3:1. The 
oil was added to each ratio of  surfactant: co-surfactant 
(Smix) in varying quantities from 1:9 to 9:1. The water 
was added drop wise through burette till turbidity was  
observed. The microemulsion region in the phase  
diagram is the region where clear and transparent  
formulation was produced shown in Figure 4. 
The region shaded purple in the phase diagrams were 
considered as the microemulsion region as shown in  
the Figure 5. The rest phase diagram region corresponds  
to turbid and conventional emulsion systems. The 
effect of  water concentration on the area of  isotropic  
regions was evident in the given phase diagpossibly 
because Tween 20 is a non-ionic solvent that forms  
clear solution in water, so the area of  O/W microemulsion  
was increased. The largest microemulsion region was 
obtained for the surfactant: co-surfactant ratio of  3:1 
and smallest microemulsion area was obtained for the 
ratio 1:1. And it was observed that as the concentration 
of  surfactant increases the quantity of  water required 
to obtain turbidity also increases and as more the water 
quantity required the solubility of  drug also decreases.  It 
was observed that as the concentration of  oil and Smix 
ratio increases from 1:9 to 9:1 the stability decreases 
as phase separation occurs on storage. So on the basis 
of  stability the just first three ratios of  oil: Smix was 
selected from each ratio of  surfactant: co-surfactants. 
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Preparation of Emulgel
Emulgel was prepared using different gelling agent such 
as carbopol 934, carbopol 940 and carbopol 981 in the 
concentration of  1.5%w/v and 2%w/v. The mentioned 
gelling agents were swelled in distilled water for 24 hrs  
and high viscosity solution was obtained. The Tapentadol  
loaded microemulsion was slowly added to the viscous 
solution of  gelling agent by continuous stirring and then 
clear emulgel was obtained. The carbopol as an aqueous 
gel matrix is a continuous phase and the dispersion of  
oily droplets within the meshes of  3-D network of  gel 
increases the viscosity of  microemulsion significantly. 
The optimized formulations of  microemulsions i.e. P1  
and Q1 was incorporated into the gel base The quantity  
of  microemulsion added was equivalent to 0.25% of  
Tapentadol, 0.02% of  triethanolamine was added to 
adjust the pH of  formed emulgel, glycerin 1% and the 
preservatives like methyl Paraben and Propyl Paraben 
was added to the formulation, the quantity of  preserva-
tive added was 0.03% showed in Table 2 & 3.

Characterisation of Emulgel
Physical Appearance
All the prepared formulations were buff  white in 
appearance and they showed good homogeneity and 
consistency.

Drug Content
The percentage drug content of  prepared emulgel was 
found in the range of  74.6 to 96.253%. The results 
were displayed in the Table 5. The highest drug content 
i.e. 96.253% was obtained for the formulation X2Q1 
containg optimized Q1 formulation of  emulsion and 
gelling agent present in the concentration of  1.5% of  
Carbopol 981. 

pH
The pH of  all the formulation was found to be ranging  
from 5.5to 6.53 which was found to be acceptable to 
avoid any skin irritation. The results in the form of  
Table are shown in the Table 5.

Viscosity
Viscosities of  different Tapentadol emulgel formulations  
are shown in Table 6. The viscosity ranged between 
11970 to 48229 cPs. The results showed that the emulgel 
formulations prepared by using carbopol 940 showed 
higher viscosity as compared to that of  the others. 
The viscosity is represented graphically in the Figure 6.  
The low viscosity was found for the X2Q1 formula-
tion containing the low concentration i.e. 1.5% of   
carbopol 981 polymer which is a low viscosity polymer 

and the addition of  microemulsion Q1. It was found 
that as polymer concentration increases viscosity also  
increases. The Q1 microemulsion formulation it  
contains the larger amount of  surfactant concentration  
as compared to the P1 so its viscosity decreases as  
mentioned by  Ghodekar et al in his work antifungal 
activity of  microemulsion based fluconazole gel for 
.so the viscosity of  emulgel containing the optimized 
formulation Q1 and carbopol 981 concentration 1.5% 
was found to be the lowest i.e. X2Q1 formulation as  
compared to the formulation containing optimized  
formulation P1 and carbopol 981 concentration of  
1.5%. The higher the concentration of  surfactant and  

Figure 4: Pseudoternary phase diagrams of surfactant:  
co-surfactant ratios 1:1, 2:1, and 3:1.

Figure 5: In vitro release profile.

The area of  microemulsion increased as the concentra-
tion of  surfactant increases.

Formulation of Emulsion
The mixture of  surfactant: co-surfactant (Smix) and oil 
was prepared by adding the quantities obtained from 
pseudoternary phase diagrams. The 250 mg of  drug 
was added to the formulation based on its solubility in 
surfactant, co-surfactant and oil. The mixture was kept 
for stirring on magnetic stirrer till the drug completely 
solubilizes and then it was kept for 24 hrs to attain the 
equilibrium. The formed emulsion was transparent in 
appearance. 
The formulation P1, P2, P3 contains the surfactant: 
cosurfactant ratio 1:1 and the oil: Smix ratio was varied 
from 1:9 to 3:7 same way in Q1, Q2, Q3 contains the 
surfactant: Co-surfactant ratio 2:1 and oil: Smix ratio 1:9 
to 3:7 and in the formulation R1, R2, R3 contains the 
surfactant: co-surfactant ratio of  3:1 and oil: Smix ratio 
same as in case of  above formulations. The prepared 
emulsions were then evaluated for drug content and 
droplet size.

Evaluation of Prepared Microemulsion
Drug Content
The percentage drug content of  all the nine formula-
tions of  Tapentadol emulsion was determined and the 
percentage of  drug present was showed in the Table 4. 
The drug content varied from 78% to 95%. The formu-
lation Q1 has drug content of  95.13% and that of  P1 
was 94.01% and of  R1 was 92.97%. The highest drug 
content was found in case of  Q1 formulation due to 
greater solubilisation of  drug as compared to others and 
even as the quantity of  water required to formed the  
microemulsion was less in case of  1:1 ratio of  surfactant:  
co-surfactant, 1:9 ratio of  oil: Smix.

Globule Size Determination 
The globule size of  all the prepared microemulsion was 
evaluated using nanotrac. The particle size obtained was 
reported in Table 4. On the basis of  result obtained it 
was found that the globule size decrease as the concen-
tration of  surfactant increased. The globule size of  the 
formulations P1 and Q1 was found to be 176 and 116nm 
respectively. The formulation P1 and Q1 was selected as 
optimized microemulsion formulation based on globule 
size as it was ranging in microemulsion region and there 
was not much difference in the drug content of  the two 
formulations. The formulation R1 had highest globular 
size compared to formulation P1 so it was not selected 
as increase in globular size delays diffusion rate.

Figure 1: Saturation solubility of tapentadol in oils.

Figure 2: Saturation solubility of tapentadol in surfactant.

Figure 3: Saturation solubility of tapentadol in cosurfactant.

So based on globule size and drug content the formula-
tions P1and Q1 were selected as optimized formulation 
for further studies. 

Zeta Potential Determination
The Zeta potential of  all formulations was found to be 
in the range of  -28.08 to-59.513 and it’s displayed in  
given Table 4. The zeta potential showed that the  
formulations showed moderate to good stability.

Figure 6: Comparison of ex vitro and In vitro cumulative 
release of optimized formulation.
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lower the concentration of  gelling agent lower the  
viscosity.

Spreadability
Spreadability is the term expressed to denote the extent 
of  area to which the emulgel spreads on application to  
skin or affected part. The therapeutic efficacy of  formu-
lation depends upon its spreading value. The spreadability  
value ranged from 2.0 to 3.9 as shown in Table 6. The 
spreadability is dependent on the viscosity of  formu-
lation. The formulation X1P1 having viscosity 11970 
has high spreading coefficient of  3.9gm.cm/sec. The 
spreadability depends on the concentration of  polymer 
and its viscosity. The emulgel with low concentration of  
gelling agent i.e. 1.5% carbopol 981 showed increase in 
spreadability value.

Extrudability
The extrudability gives the extent to which a semisolid 
formulation is extruded out from the tube. The extrud-
ability depends on the viscosity and consistency of   
formulation. The less the viscosity the more the extent 
to which the formulation is extruded out. The extrud-
ability of  formulations ranged from 1.2 to 14.8 as 
shown in the Table 6. The formulation X2Q1 has high 
extrudability value of   14.8 gm/cm2as the viscosity of   
the formulation was 11790 cPs and the least extrudability  
of  1.99 gm/cm2 was found in the case of  formulation 
Z’1P1having viscosity of  48229cps.15

In vitro drug Release
The diffusion study was carried out using Franz  
diffusion cell. The diffusion was carried out in 50 ml 
of  pH 6.8 phosphate buffer maintained at 37  ± 0.5°C 
and it was stirred at a constant speed using a magnetic 
bead on a magnetic stirrer.  The percentage cumulative 
drug release of  all the prepared emulgel formulations 
ranged from 77.73% to 89.998% at the end of  8 hrs. 
The percent cumulative drug release of  the emulgel 
formulations are represented graphically in the Figure 5.  
Maximum drug release was observed in formulation 
X2Q1 after 8 hrs. The reason attributed for a higher 
release is the lower concentration of  gelling agent i.e. 
1.5% of  carbopol 981 employed in that formulation and  
the concentration of  the optimized microemulsion  
formulation Q1 which contains 2:1 ratio of  surfactant 
and co-surfactant as the release of  drug from micro-
emulsion may be more because of  the larger concentra-
tion of  surfactant and even it has lower droplet size as 
the release rate is inversely related to particle size i.e. 
smaller the droplet size higher the release.16

Ex Vivo Skin Permeation Study

Ex vivo skin permeation study of  optimized formulation 
(X2Q1) was carried out using the skin of  male wistar rat 
in Franz diffusion cell showed in Figure 6. The diffusion 
was carried out in 50 ml of  ph 6.8 phosphate buffer 
maintained at 370C   ±  0.50C .The maximum percentage 
cumulative drug release at the end of  8 h was found to 
be 73.14% 28 and was compared with optimized formu-
lation X2Q1 showed in Figure 6.17

Skin Irritation Test
The Wistar Rats were used for the skin irritation test. 
The control group was not applied with any formula-
tion, the standard group was applied with the saline 
(0.9%w/v) a standard irritant and the test group was 
applied with the optimized formulation X2Q1 and it 
was observed for irritation at the end of  24 hrs. In case 
of  standard group there was moderate erythema with 
barely precipitable edema and score given to it was 2 
and the test group showed no irritation. Since no irrita-
tions persist the optimized formulation passes the skin 
irritation test. 18

Stability Studies
The Optimized Formulation X2Q1 showed no change 
in appearance after 60 days of  storage. Slight increased 
in pH after 30 and 60 days was noticed. The pH of  the 
formulation increased slightly after 30 and 60 days. This 
can be attributed to concurrence of  drug and polymer over  
a long period. The values of  viscosity showed little alter-
ation. Minor decrease was observed in the drug release 
over a period of  60 days when stored at room temperature  
and 40°C/75% RH. Hence, it can be concluded that 
the formulation X2Q1 exhibited acceptable stability 
profile at room temperature (25 ± 2°C) for a period of  
two months and at 40°C/75% RH for a period of  one 
months.19

In this study an attempt was made to formulate emulgel  
of  Tapentadol for Topical delivery. DSC thermograms 
revealed that there was no interaction between polymer  
and the drug, hence, they were compatible. Based on 
saturation solubility study Light liquid paraffin, Tween 
20 and PEG 400 were selected for the preparation  
of  emulsion. The pseudoternary phase diagram constructed  
with surfactant: co-surfactant ratio of  1:1 showed the 
least microemulsion area and that with 3:1 ratio showed 
the maximum microemulsion area. Based on the globule 
size and drug content two optimized formulation were 
selected for incorporation into gel base i.e. P1 and Q1. 
The emulgel formulations were prepared with carbopol 
as gelling agent with concentrations of  1.5% and 2% 
and the optimized emulsion formulations i.e. P1 and Q1 
were incorporated into the gel base. The formulation 

Table 4: Drug Content, Globule Size And Zeta Potential of Emulsion Formulations
Formulation code Globular size* Drug Content* Zeta Potential*

P1 176.8 nm 94.01  ± 6.023 -49.79  ± 2.74

P2 399 nm 90.12  ± 0.77 -43.03  ± 2.34

P3 504 nm 81.00  ± 0.65 -38.34  ± 3.69

Q1 116 nm 95.13  ± 5.074 -59.513  ± 1.80

Q2 338 nm 91.00  ± 3.00 -50.04  ± 3.20

Q3 454 nm 80.06  ± 1.012 -47.33  ± 1.43

R1 199.5 nm 92.97  ± 4.098 -35.08  ± 4.13

R2 202.4 nm 89.00  ± 8.001 -28.08  ± 2.13

R3 347 nm 78.00  ± 1.198 -36.56  ± 2.99 

*Data are expressed as Mean   ±  S.D. (n=

Table 5: Appearance, Drug Content, Ph of Emulgel Containing Carbopol 981, Carbopol 934 and Carbopol 
940

Formulation Code Color Drug Content* pH*
X1P1 (carbopol 981 1.5%) Buff White 94.513  ± 0.82 6.14  ± 0.065

X2Q1 (carbopol 981 1.5%) Buff White 96.253  ± 1.09 5.58  ± 0.0124

Y1P1 (carbopol 934 1.5%) Buff White 90.093  ± 0.81 6  ± 0.0081

Y2Q1 (carbopol 934 1.5%) Buff White 91.763  ± 0.68 5.5  ± 0.014

Z1P1 (carbopol 940 1.5%) Buff White 82.806  ± 1.09 6.35  ± 0.041

Z2Q1 (carbopol 940 1.5%) Buff White 85.81  ± 6.97 6.3  ± 0.07

X’1P1 (carbopol 981 2%) Buff White 89.116  ± 7.45 6.12  ± 0.052

X’2Q1 (carbopol 981 2%) Buff White 93.86  ± 7.50 5.51  ± 0.379

Y’1P1 (carbopol 934 2%) Buff White 77.5633  ± 4.17 6.03  ± 0.131

Y’2Q1 (carbopol 934 2%) Buff White 84.656  ± 4.87 5.79  ± 0.1925

Z’1P1 (carbopol 940 2%) Buff White 75.616  ± 0.77 6.35  ± 0.313

Z’2Q1 (carbopol 940 2%) Buff White 74.6  ± 0.60 6.12  ± 0.0817

*Data are expressed as Mean   ±  S.D. (n=

Table 6: Viscosity, Spreadability and Extrudability of Emulgel Containing Carbopol 981, Carbopol 940 and  
Carbopol 934

Formulation Code Viscosity*
(cPs)

Spreadability*     (gm.cm/
sec) 

Extrudality *  (gm/cm2)

X1P1 (carbopol 981 1.5 %) 11930  ±  122.6943 3.83  ± 0.047 12.74333  ± 0.744

X2Q1 (carbopol 981 1.5 %) 11970  ± 60.82 3.9  ± 00 14.82667  ± 0.600

Y1P1 (carbopol 934 1.5 %) 37531.67  ± 612.58 3.4  ± 0.0942 6.63  ± 0.497

Y2Q1 (carbopol 934 1.5 %) 36409.67  ± 4114 3.66  ± 0.047 6.116667  ± 1.017

Z1P1 (carbopol 940 1.5 %) 41834  ± 1489 3.43  ± 0.047 2.673333  ± 0.253

Z2Q1 (carbopol 940 1.5 %) 42570  ± 192 3.5  ± 0.081 4.573333  ± 0.489

X1’P1 (carbopol 981 2 %) 17993.67  ± 440 2.13  ± 0.04 9.036667  ± 0.925

X2’Q1 (carbopol 981 2 %) 20550  ± 505.742 2.3  ± 0.08 10.31  ± 1.070

Y1’P1 (carbopol 934 2 %) 39237  ± 659.568 2.2  ± 00 5.006667  ± 0.601

Y2’Q1 (carbopol 934 2 %) 38829.33  ± 180.003 2.3  ± 0.124 5.476667  ± 0.513

Z1’P1 (carbopol 940 2 %) 48229.33  ± 910.220 2.03  ± 0.047 1.65  ± 0.563

Z2’Q1 (carbopol 940 2 %) 45913.67  ± 640.1712 2.3  ± 0.816 2.396667  ± 0.2950

*Data are expressed as Mean   ±  S.D. (n=3)
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• Tapentadol is an opioid analgesic. Tapentadol is indicated for the treatment of Moderate to severe pain for 
both acute (following injury, surgery, etc.) and chronic musculoskeletal pain. Tapentadol has poor an oral 
bioavailability of 31.9 ± 6.8% and it causes gastric side effects such as nausea, vomiting, stomach discomfort. 

• The emulgel formulation contains combinations of emulsion and gel. The emulsion is a very good vehicle for the 
delivery of hydrophobic drug but it is thermodynamically unstable. The emulsion when incorporated into the gel 
increases the stability of emulsion. The emulgel is a dual control release system. The emulgel being thixotropic, 
greaseless, spreads easily nonstaining so it offers a better patient compliance.

• Preformulation studies were performed on the drug and excipients. The FTIR analysis revealed that the drug and 
excipients used were compatible with each other. Light liquid paraffin, Tween 20 and PEG 400 were selected 
for the construction of pseudoternary phase diagrams and emulsion was prepared based on the saturation 
solubility results.

• The pseudoternary phase diagram showed that the surfactant: co-surfactant ratio 1:1 showed minimum 
microemulsion area but 3:1 ratio showed the maximum microemulsion area. The prepared emulsions were 
evaluated for drug content and globule size and the results showed that P1 and Q1 formulation were selected as 
optimized formulation showing globule size of 176nm and 116 nm respectively and drug content of 94.01and 
95.13%.

• The optimized emulsion formulations were then incorporated into the gel base to give the emulgel by varying the 
gelling agent concentration i.e. 1.5% and 2%. The prepared emulgel formulations were evaluated for percent 
drug content, pH, viscosity, spreadability, extrudability and percentage cumulative drug release.

• The optimized formulation was subjected to skin irritation test and no irritation was observed on the wistar 
rat’s skin so the formulation can be considered as safe for use. The ex vivo study was conducted using 
abdominal skin of wistar rat and was compared with in vitro cumulative drug releases. Short term stability 
studies were carried out on the optimized formulation X2Q1 at 25oC ± 2oc and 40± 2oC and the results 
showed physicochemical stability.

• Based on the drug content, viscosity, spreadability, percentage cumulative drug release Tapentadol can be 
considered as an ideal candidate for the formulation of emulgel.
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X2Q1was found to be the optimized based on viscosity, 
drug content and percentage cumulative drug release. 
The skin irritation test on optimized formulation 
showed no signs of  irritation. Ex vivo drug diffusion 
study was conducted and was compared with optimized 
formulation Stability study carried out for two months  
revealed that the formulations were stable at room  
temperature and at 40°C. Thus, it can be concluded that 
Tapentadol was proven to be a suitable candidate for  
formulating emulgel for topical delivery to achieve  
better patient compliance.

CONCLUSION
Self-emulsifying drug delivery system of  Tapentadol 
was successfully prepared and evaluated for its solubility  
enhancement purpose. Based on solubility study data 
light liquid paraffin, Tween 20 and PEG 400 were  
selected for construction of  pseudo ternary phase  
diagram. From the results of  pseudo ternary phase  
diagram, nine formu lations were prepared and evalu-
ated for self-emulsifica tion time and dispersibility, 
droplet size analysis, stability studies, turbidimetry, zeta  
potential, drug content and in vitro drug release. Opti-
mized formulation of  emulgel showed a significant 
increase in drug release rate in vitro and ex vivo. Hence, 
it can be concluded that the emulgel formulations can 
be potentially used as an alternative to the traditional 
oral formulations for the poorly bioavailable and having 
short half-life drugs like Tapentadol to improve its drug 
penetration and bioavailability.
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ABSTRACT
Introduction: From past few decades there has been a massive change in designing 
various drug delivery systems to achieve rapid onset of action to treat sudden surprising 
disorders like hypertensive reactions. Fast dissolving oral films enhance the efficacy 
of APIs by dissolving within a minute in oral cavity after the contact with less saliva 
without chewing and need of water for administration. Orciprenaline Sulfate belongs to 
the category of bronchodilators, beta-adrenergic agonist. It is very essential that the drug 
is released rapidly and hence fast dissolving oral films were designed. Objective: Present 
study was undertaken with a view of enhancing the bioavailability and to achieve a rapid 
onset of action as well as to provide better patient compliance especially in pediatric 
and geriatric patients. Method: The accurately weighed quantity of polymers was kept 
for soaking overnight in a beaker containing 10 ml of distilled water. The polymeric 
solution was then stirred for 2 hrs on a magnetic stirrer; Propylene glycol was used as 
the plasticizer in the concentration of 10%w/w of the polymer concentration. In another 
beaker weighed quantities of citric acid & sodium saccharine were added and dissolved 
in sufficient quantity of distilled water and was stirred for another 30 min on a magnetic 
stirrer. Then the polymeric solution and the drug solution with other excipients was mixed 
together to get a homogenous solution. Further the solution was casted on the glycerine 
lubricated petridish and was kept for sweltering in an oven at 700C. Results: The surface 
pH of all the formulations F1 to F8 was found to be neutral in the range of 6.47- 6.82 
concluding that films might not cause any potential irritation to the mucosa. All the 
films showed good disintegration time. Formulation F1 showed the least disintegration 
time compared to other films. The percentage drug content of all the formulations was 
found to be in the acceptable range of 94.3-97.9 percent. In vitro drug release study 
showed that all the films released more than 70 percent of drug within 15 min. From 
all the formulations F1 containing HPMC E15 as the film forming polymer showed the 
highest and the best drug release of 98.4 percent within 15 minutes. Conclusion: The 
results obtained after formulation oral fast dissolving films of Orciprenaline sulfate clearly 
indicate that it has improved bioavailability and rapid release rate. The formulation is 
tested for stability and the results are positive hence the formulation is stable. 
Key words: Orciprenaline sulphate, HPMC E15, HPMC E50, Fast-dissolving oral films, 
drug permeated.
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INTRODUCTION

Orciprenaline Sulphate is a beta adrenergic 
agonist (bronchodilator) used in treatment 
of  asthma. This drug is known to undergo  
high first pass metabolism leading to low  
bioavailability. Formulation of  fast dissolving  
film of  Orciprenaline sulfate has been done 
with a view of  enhancing bioavailability of  
the drug in order to provide quick onset of  
action& to overcome related drawbacks.  
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For the past few decades there has been a 
massive change in designing various drug 
delivery systems to achieve rapid onset of  
action in order to treat sudden appearing 
disorders like hypertensive reactions. Fast  
dissolving films enhance the efficacy of  active  
pharmaceutical ingredients by dissolv-
ing in the oral cavity within a min-
ute after the contact with saliva. The 
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crucial factor is bioavailability of  the active ingre-
dient that significantly increases as compared to 
the conventional tablet dosage forms bypassing  
first pass metabolism. It also resists the  
friable nature when compared to dispers-
ible tablets. Orciprenaline Sulfate belongs to the  
category of  bronchodilators, beta-adrenergic  
agonist. It is freely soluble in water and is exclusively used in 
the treatment of  bronchospasm. It undergoes high first pass  
metabolism. It has a half  life of  6 h having  
bioavailability of  40% (orally) and 3% (inhaled). Pres-
ent study was undertaken with a view of  enhancing the 
bioavailability and to achieve a rapid onset of  action as 
well as to provide better patient compliance especially in 
pediatric and geriatric patients.

Materials
Orciprenaline Sulfate was obtained as a gift sample 
from Zydus Healthcare Goa. HPMC E15 and HPMC 
E50 were also procured as gift samples from Colorcon 
Pvt. Ltd., Verna Goa. Propylene glycol was obtained as 
a gift sample from SD Fine Chemicals Pvt. Ltd. Mum-
bai. All chemicals and reagents were of  analytical and 
pharmaceutical grade.

METHODS
Formulation of Orciprenaline sulfate loaded oral 
films2-15

The accurately weighed quantities of  polymers were kept 
for soaking overnight in a beaker containing 10ml of  
distilled water. The polymeric solution was then stirred 
for 2 hr on a magnetic stirrer to obtain a homogenous 
solution. Propylene glycol was used as the plasticizer  
in the concentration of  10%w/w of  the polymer con-
centration. It was added to the polymeric solution with 
continuous stirring. In another beaker, weighed quantities  
of  citric acid & sodium saccharine were added and 
dissolved in sufficient quantity of  distilled water. The 
above mixture was stirred for 30 m on a magnetic stirrer.  
The polymeric solution and the drug solution with 
other excipients were mixed together to get a homog-
enous solution.
The solution was then continuously stirred for 4 hr. 
After mixing of  solution, it was set aside for removal 
of  air bubbles and further the solution was casted on  
the glycerine lubricated petridish and was kept for frying 
in an oven at 70º. The films were carefully removed after 
drying and cut into 2 × 2 cm2 size. Films with any sort  
of  imperfections or defects were ward off  from  
further evaluation. The good quality samples of  films 

were wrapped in a butter paper followed by aluminium 
foil and stored properly until used.

Evaluation of fast dissolving oral films3-7

Physical appearance and surface morphology
This parameter was investigated by visual inspection of   
films and by scanning electron microscopy. The samples  
were mounted on SEM sample slab using a double-
sided adhesive tape. The samples mounted were coated 
with gold (200Å) under reduced pressure (0.001 Torr) 
for 5 min to improve the conductivity using an Ion sput-
tering device (JEOL, JFC-1100E, and Japan).

Weight of the film1

The weight of  the film was measured by cutting 2×2cm2 

size of  the film at 3 different places from the casted 
film and was weighed on analytical balance and average 
weight was calculated.

Thickness of the film
Vernier Calliper was used to measure the thickness of  
the film. The thickness was measured at three different 
spots of  the film and average was taken and standard 
deviation was calculated. This is necessary to ascertain 
uniformity in the thickness of  the film as this is directly 
related to the accuracy of  dose in the films.

Folding endurance of the film6,8,11

Folding endurance was determined by repeatedly folding  
the film (2×2cm2) at the same place until the film breaks. 
The number of  the times the filmsis folded without 
breaking was computed as the folding endurance value.

Surface pH6,9,10

The surface pH of  fast dissolving film was determined 
in order to investigate the possibility of  any side effect 
in vivo. As an acidic or alkaline pH may cause irritation 
of  the oral mucosa, the films were made slightly wet 
with the help of  water. The pH was measured by bringing  
the electrode in contact with the surface of  the film. 
The method was performed in triplicate and the average 
with standard deviation was reported.

Swelling Index
The prepared film sample was weighed and placed on 
a pre-weighed stainless steel wire mesh. The wire mesh 
was then submerged in a Petri dish containing 20 ml 
distilled water. Increase in weight of  the film was deter-
mined at regular time intervals until a constant weight 
was obtained and was calculated as difference between 
the final weight and the initial weight of  the film divided 
by the initial weight.
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Tensile strength
Tensile strength is the ability of  the film to withstand 
a pulling force. It is calculated by the applied load at 
rupture divided by the cross-section area of  the film in 
g/cm2. The film was held between two clamps wherein 
the upper clamp was fixed and the lower is variable. The 
force of  tearing and elongation was determined.

Percentage elongation
Percentage elongation is the maximum stress applied to 
a point at which the film specimen breaks. It is calcu-
lated by increase in the length of  the film divided by the 
original length of  the film.

Drug content of films
The films of  2×2cm2 from three different places from 
the casted films were taken and individually dissolved in 
a beaker containing 50 ml of  phosphate buffer pH 6.8 
using magnetic stirrer. Whatman filter paper was used to 
filter the solution and was later diluted. After suitable 
dilutions absorbance was measured at 279 nm and the 
drug content was estimated from calibration curve.

In vitro disintegration study9

In vitro disintegration time was determined visually in  
the petridish containing 20ml of  phosphate buffer having  
pH 6.8 with swirling every 10 sec. The disintegration  
time is the time when the film starts to dissolve. Disinte-
gration time provides an indication about the disintegra-
tion characteristics and dissolution characteristics of  the  
film. Time taken by the film to disintegrate was measured 
as in vitro disintegration time.

In vitro dissolution study12

In vitro drug release studies of  OrciprenalineSulphate 
fast dissolving oral films were conducted using USP  
type I (basket type) dissolution test apparatus containing  
300ml of  phosphate buffer having pH 6.8 as dissolution  
medium. The stirrer speed was adjusted to rotate at 
50 rpm. The temperature of  dissolution medium was 
maintained at 37±0.50 throughout the experiment. The 
film specimens were placed in a steel basket made up of  
wire mesh. The film sample in the basket was immersed  
into the dissolution medium. Samples (1ml) were  
withdrawn at time intervals of  0.30,1,2,4,8,10,12,15  
min respectively and replaced the same with fresh disso-
lution medium to maintain a constant volume after each 
sampling. The withdrawn samples were filtered through 
Whatman filter paper and were analysed spectro-photo-
metrically at 279 nm using UV-visible spectro-phometer.

Ex vivo permeation study9,10

Ex vivo permeation studies were carried out using porcine  
mucosa using modified Franz diffusion cell. The diffusion  
cell consists of  donor compartment and receptor  
compartment, water jacket and sampling port. The 
receptor compartment of  diffusion cell was filled with 
phosphate buffer pH 6.8 (40 ml). Small magnetic bead 
was placed in the receptor compartment for agitating 
the buffer solution. Porcine oral mucosa was used as the 
model membrane. The mucosa was mounted between  
the donor & receptor compartments. Formulated opti-
mized film having dimension 2×2cm2 was placed over  
the porcine oral mucosal membrane. The donor com-
partment was then positioned and fixed over it with the 
help of  clamps. The donor compartment was filled with  
1ml 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 ± 2º. Samples 
of  1ml were withdrawn at suitable time interval of   
2,4,6,8,10,15,20,30,40,50 and 60 minutes and were  
analyzed at 279 nm spectro-photometrically by using 
UV-visible spectrophotome Results of  ex vivo studies of  
optimized formulation F2 is shown in Figure 3.

Stability study
Stability studies are essential component allowing the 
evaluation of  active pharmaceutical ingredient stability 
under the influence of  a range of  environmental factors 
such as temperature, humidity and light.

Procedure
Stability study was carried out at two different storage 
conditions.
Normal room conditions 250±20/60% RH ± 5% and 
Accelerated conditions 400±20/75% ± 5% RH for 
60 days using stability chamber .Each piece of  films 
of  optimized formulation was packed in butter paper 
followed by aluminium foil. The films were evaluated 
for drug content, disintegration time and in vitro drug 
release after storage for 30 and 60 days. The values for 
in vitro release from the films were calculated and were 
compared for change in dissolution profile

RESULTS
Evaluation Parameters of prepared fast dissolving 
oral films
In the current study eight formulations of  fast dissolving  
oral films of  Orciprenaline Sulfate were formulated 
using HPMC E15 and HPMC E50 as film forming  
polymers. All the prepared films exhibited good physical  
appearance and homogeneity without any flaws or 
imperfections. The weight and thickness of  all the films  
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were found to be uniform showing that increase in  
polymer concentration increases the weight and thick-
ness of  the films. The results of  weight and thickness 
were shown in Surface morphology of  optimized patch 
is shown in Figure 5.

Folding endurance
The folding endurance of  the film was found to increase 
with the increase in the concentration of  polymer. The 
values of  folding endurance for all the formulations 
were shown in Table 2.

Surface pH
Surface pH of  all the films were found to be close to 
the neutral pH indicating that there might be less prob-
ability that the films will cause an irritation to the oral 
mucosa thus promoting patient acceptance. The results 
were shown in Table 2.

Swelling index
The measurement of  swelling index indicated that  
maximum swelling takes place in the formulations  
containing higher proportions of  polymer HPMC E15 
and HPMC E50. Swelling index affects the release of  
the drug. Higher the percentage of  swelling less the 
drugs release.The swelling index of  all the formulations 
was shown in Table 3.

In vitro disintegration time
All the formulations showed satisfactory disintegration 
time. The disintegration time for formulation F1 was 
the least whereas F8 showed maximum disintegration  
time. Evaluation of  disintegration time showed that  
disintegration time increases with the increase in the 
polymer concentration. The results were shown in Table 3.

Tensile Strength
Tensile strength of  all the formulation was in acceptable 
range conceding that the films had good flexibility and 
mechanical strength. The results were shown in Table 3.

Percentage elongation
Percentage elongation also contributes as an important 
parameter in deciding the physical strength and flex-
ibility of  the film. The formulation F4 showed highest  
elongation among all other films. The results were 
shown in Table 3.

Drug content
The drug content uniformity test was performed to  
ensure uniform distribution of  drug. The results indi-
cated that drug was uniformly distributed in all the  
formulations as shown in Table 3.

In vitro Drug release studies
The in vitro drug release profiles of  all the eight formu-
lations in pH 6.8 phosphate buffer show differences in 
drug release based on their composition as given in Table 
1. It was observed that all the prepared films showed 
more than 70% of  drug release in 15 minutes. Study  
revealed that that drug release from the films containing  
HPMC E15 as the polymer was more as compared 
to those containing HPMC E50. The reason behind 
higher drug release may be due to the lower viscosity 
of  the HPMC E15 polymer. Rapid drug dissolution 
was observed in formulations F1, F2, F3 and F5 which 
released 98.4, 96.7, 83.6 and 83.67 percent respectively, 
at the end of  15 minutes. The results are depicted in 
Table 3 and Figure 1 and 2. F1 formulation showed 
highest drug release of  98.4 percent than other formu-
lations. Slow drug release was observed in F4, F6, F7 
and F8 with release of  72.7, 76.9, 77.1 and 10.6 percent 
respectively, at the end of  15 minutes as shown in Table 
3, Figure 1 and 2. From all the prepared formulations,  
formulation F2 showed acceptable results having good  
physical and mechanical properties with optimum  
percent drug content, lesser disintegration time and 
maximum in vitro drug release of  96.79 percent.  
Therefore formulation F2 containing lower concen-
tration of  HPMC E15 as polymer was considered to 
be optimized formulation and was chosen for further 
study. The ex vivo permeation study was carried out to 
check the permeability of  the drug through the porcine 
oral mucosa. From the ex vivo study it was found that 
93.9 percent of  drug permeated through the porcine  
oral mucosa within 60 minutes from the optimized  
formulation F2. The optimized formulation also showed 
better drug release 77.1 percent when compared with 
the marketed formulation. The results were shown in 
Figure 4.

Stability study
Stability studies were performed on the optimized  
formulation F2 as per ICH guidelines for 60 days. 
Optimized formulation showed no major changes and 
revealed that the optimized formulation was stable both 
at normal and accelerated conditions.

DISCUSSION
Fast dissolving films of  Orciprenaline Sulphate were 
prepared efficiently by employing solvent casting method. 
All the prepared films had smooth surface texture,  
were flexible and had superior physical and mechanical  
properties. The surface pH of  all the formulations F1 
to F8 was found to be neutral in the range of  6.47- 6.82  
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Table 1: The formulation used in preparation of Orciprenaline sulfate fast dissolving films
Formulation Ingredients Formulation code

F1 F2 F3 F4 F5 F6 F7 F8
Orciprenaline Sulfate (mg) 10 10 10 10 10 10 10 10

HPMC E50 (%w/v) 1.5 2.5 3.5 4.5 ------- ------- ------ ------

HPMCE 50 (%w/v) ------ ------ ------ ------ 1.5 2.5 3.5 4.5

Propylene Glycol(%v/w) 10 10 10 10 10 10 10 10

Citric acid (% w/v) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Sodium Saccharine(%v/v) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25

Distilled water q.s q.s q.s q.s q.s q.s q.s q.s
qs: quantity sufficient

Table 2: Physicochemical properties of fast dissolving oral films of Orciprenaline sulfate
Formulation code Weight (mg)* Thickness (mm)* Folding endurance* Surface pH*

F1 58.3±0.05 0.12±0 253±2.64 6.47±0.04

F2 62.5±0.05 0.156±0.05 323±3.78 6.56±0.02

F3 64.2±0.10 0.178±0.002 380±1.52 6.68±0.01

F4 65.1±0.10 0.216±0.005 394±2.64 6.82±0.01

F5 47.6±0.05 0.116±0.005 323±4.02 6.77±0.01

F6 52.2±0.05 0.183±0.11 365±3.51 6.73±0.01

F7 55.1±0.15 0.22±0.010 385±1.5 6.82±0.00

F8 61.2±0.01 0.25±0.011 423±3.05 6.75±0.01

Table 3: Evaluation parameters of fast dissolving oral films of Orciprenaline sulfate
Formulation 

code
Swelling 
index*

Disintegration time 
(sec)*

Tensile strength* 
(g/cm2)

Percentage 
elongation* (%)

Drug content*
(%)

Drug release
(%)

F1 0.041±0.0006 16.04±0.06 14.1± 1.04 10.4±0.115 97.3±1.0% 98.4

F2 0.056± 0.003 26.01±0.01 47.7±1.10 18.91±0.15 97.9±0.4% 96.79

F3 0.058±0.0030 38.05±0.02 55.5±1.32 24.05±0.11 96.3±0.7% 83.62

F4 0.062±0.0029 52.86±0.24 76.1±1.75 29.41±0.11 94.5±1.2% 72.77

F5 0.043±0.0032 21.02±0.02 17.0±2.00 11.76±0.15 95.8±0.4% 83.67

F6 0.049±0.0019 35.01±0.02 38.6±2.08 25±0.25 96.7±0.9% 76.95

F7 0.055±0.003 57.05±0.03 61.3±1.52 21.05±0.15 96.1±0.3% 77.15

F8 0.065±0.0029 60.1±0.02 85.5±1.32 27.71±0.11 94.3±0.7% 70.63

concluding that films might not cause any potential 
irritation to the mucosa. All the films showed good 
disintegration time. Formulation F1 showed the least  
disintegration time compared to other films. The per-
centage drug content of  all the formulations was found  
to be in the acceptable range of  94.3-97.9 percent.  
In vitro drug release study showed that all the films 
released more than 70 percent of  drug within 15 minutes.  
From all the formulations F1 containing HPMC E15 as 
the film forming polymer showed the highest and the 
best drug release of  98.4 percent within 15 m.
Formulation F2 was selected as the optimized formula-
tion on the basis of  drug content, percent CDR 96.79 
percent, Disintegration time and folding endurance. 

The optimized formulation also showed better drug 
release when compared with the marketed formulation 
of  Orciprenaline Sulphate. The ex vivo permeation study 
showed that 93.9 percent of  drug permeated through  
the porcine mucosa within 60 minutes from the optimized  
formulation F2.
Stability study for two months revealed that the formu-
lations were stable at room temperature as well as in 
the accelerated stability conditions. From the studies 
performed it can be concluded that the fast dissolving 
oral films of  Orciprenaline Sulphate has potential in the 
growing market for its safe, efficient, effective treatment 
of  asthma to offer a quick relief.
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CONCLUSION
Orciprenaline sulphate is bronchodilator which needs to 
release immediately allowing rapid distribution in blood.  
The results obtained after formulation oral fast dissolving  
films of  Orciprenaline sulfate clearly indicate that it  
has improved bioavailability and rapid release rate. The 
formulation is tested for stability and the results are  
positive hence the formulation is stable.
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ABBREVATION USED
Rpm: Rotations per minute; µm: Micrometer; % - 
Percentage; V/v: volume by volume; W/v: weight 

by volume; W/w: weight by weight; FT-IR: Fourier 
Transform Infrared Spectroscopy; UV: Ultraviolet  λmax  
- Maximum Absorbance; DSC: Differential Scanning  
Colorimeter; RH: Relative humidity; % CDP: Percentage  
Cumulative Drug Permeated; CLA: Cumulative loss 
added; PEG: Polyethylene Glycol; R2 : Regression coef-
ficients; cP: Centipoises; HPMC: Hydroxy-Propyl-
Methyl-Cellulose.
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SUMMARY
• Pre formulation studies were performed to exam-

ine the compatibility between drug and polymers. 
The IR spectra of the drug polymer mixture revealed 
that the results were found as given in the literature 
within prescribed limit, there was no interaction 
between the polymer and drug hence were found 
compatible.

• Fast dissolving films of Orciprenaline Sulfate were 
prepared efficiently by employing solvent casting 
method. All the prepared films had smooth surface 
texture, were flexible and had superior physical and 
mechanical properties.

• The surface pH of all the formulations F1 to F8 was 
found to be neutral in the range of 6.47- 6.82 con-
cluding that films might not cause any potential irri-
tation to the mucosa.

• All the films showed good disintegration time. For-
mulation F1 showed the least disintegration time 
compared to other films.

• The percentage drug content of all the formulations 
was found to be in the acceptable range of 94.3%-
97.9%

• In vitro drug release study showed that all the films 
released more than 70% of drug within 15 minutes. 
From all the formulations F1 containing HPMC E15 
as the film forming polymer showed the highest and 
the best drug release of 98.4% within 15 minutes.

• Formulation F2 was selected as the optimized 
formulation on the basis of drug content, %CDR 
(96.79%), Disintegration time and folding endur-
ance.

• The optimized formulation also showed better drug 
release when compared with the marketed formula-
tion of Orciprenaline Sulfate.

• The ex vivo permeation study showed that 93.9% 
of drug permeated through the porcine mucosa 
within 60 min from the optimized formulation F2.

• Stability study for two months revealed that the 
formulations were stable at room temperature as 
well as in the accelerated stability conditions.

• From the studies performed it can be concluded 
that the fast dissolving oral films of Orciprenaline 
Sulfate has potential in the growing market for its 
safe, efficient, effective treatment of asthma to 
provide a quick relief
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a b s t r a c t

The present study deals with the formulation and evaluation of Solid Lipid Nanoparticles (SLNs) based
transdermal patch of colchicine. Colchicine loaded SLNs (C-SLNs) were prepared by ultrasonication
method and optimized with respect to the concentration of lipid and surfactant by 32 full factorial design.
Properties like particle size, shape, zeta potential, polydispersity index and percentage entrapment ef-
ficiency were determined. The transdermal potential of C-SLNs was evaluated by ex-vivo drug perme-
ation using Wistar rat skin and fluorescence microscopy. The optimized formulation was fabricated into
the transdermal patch and in-vivo pharmacokinetic and pharmacodynamic study (subcutaneous air
pouch model) was carried out. Particle size, zeta potential and entrapment efficiency of the optimized
formulation were found to be 107 nm, (�) 17.4 mV and 37.25% respectively. Formulation F5 showed
highest transdermal flux (8.76 mg/cm2/hrs). Fluorescence study confirms that SLNs have more penetra-
tion potential through the skin. AUC0/∞ of C-SLNs patch was improved by 2.84 times more than
colchicine patch. Significant (p < 0.001) reduction in exudate volume, leukocyte count, and collagen
deposition was observed in animals treated with C-SLNs transdermal patch. Thus, SLNs based trans-
dermal patch of colchicine could be a promising approach for the treatment of gout.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Gout is the most common form of arthritis, characterized by
deposition of monosodium urate monohydrate (MSU) in synovial
fluid and other tissues. The prevalence of this disease is about 3.9%
in the US, 1.4e2.5% in the UK and 6.1% in New-Zealand [1]. It is
alarming to note that its incidence and prevalence has doubled in
the last 20 years with more than 15.8% of the affected patients are
less than 30 years of age [2]. Corticosteroids, uricosuric agents and
non steroidal anti-inflammatory drugs (NSAID's) are most
commonly used for the management of gout [3]. Though NSAID's
are considered as first line therapy in the treatment of acute attack
of gout, these agents cannot be used in the patients with renal
insufficiency, gastrointestinal ulceration/bleeding or heart failure

[4]. The early treatment with allopurinol and the uricosuric drug
may prolong the acute attack or may initialize further episodes of
attack. Hence it is normally started 2e3 weeks after the acute
attack has settled [5].

Colchicine is an alkaloid found in extracts of the plant Colchicum
autmnale family Liliaceae [6]. It appears as yellowish-white powder
and soluble in water, freely soluble in alcohol and practically
insoluble in cyclohexane [7]. It is the drug of choice in the treat-
ment of acute gout because of its rapid onset of action [8]. It is
indicated for use in different dermatological conditions like leu-
kocytoclastic vasculitis, psoriasis and Sweet's syndrome [9].
Colchicine is believed to reduce inflammation by inhibition of
monosodium urate induced migration of neutrophils and other
leucocytes via blockade of microtubule formation. It also sup-
presses superoxide production of neutrophils [10]. However, the
treatment with colchicine is associated with certain risk factors like
nausea, vomiting diarrhea, stomach upset etc. Normally these side
effects are observed in 80% of the patients at therapeutic doses
(0.5e1 mg/1 to 2 h) of colchicine. Long duration (>one week)
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treatment with colchicine via oral route causes its accumulation in
the body, leads to bone marrow suppression. Neuromyopathy is
another risk factor observed in patients with renal dysfunction due
to the accumulation of colchicine. Intra venous administration of
colchicine has serious adverse effects like cytopenias, tissue ne-
crosis, and disseminated intravascular coagulation. In most severe
conditions; it may lead to the death of patient [11]. Thus there is
need to develop an effective drug delivery system for colchicine
which will selectively deliver colchicine topically to joints where
predisposition of the disease is present. The transdermal route has
been explored by many research groups worldwide as an alterna-
tive route of administration because of its safety and efficacy. The
available literature reveals only few studies, where colchicine has
been administered transdermally using flexible liposomes and b e

cyclodextrin as carrier systems [12,13]. Though there is an
improvement in drug penetration, the process of preparing the
flexible liposomes is tedious and economically not affordable with
stringent storage conditions. In another approach, the ointment
was prepared for transdermal delivery of the drug. The study does
not clearly indicate the overall improvement in bioavailability [14].
In this context, there is need to develop a cost effective transdermal
drug delivery systemwith a suitable carrier. Nowadays, lipid based
nanocarrier like SLNs are being extensively studied for transdermal
drug delivery to avoid the adverse effects of oral and parenteral
routes [15]. Lipids as nanocarriers have certain merits over other
carriers, viz: biodegradable, avoidance of chemical degradation,
non toxic, large drug payload, incorporation of both lipophilic and
hydrophilic drugs and absence of organic solvent [16,17]. It can be
easily shifted for the large scale/commercial manufacturing of
pharmaceuticals as well as dermal cosmetic products [18]. Few
studies explain the SLNs based transdermal application of some
bioactive compounds like Aconitine [19], Acyclovir [20], Diclofenac
sodium [21] and triamcinolone acetonide acetate [22]. Transdermal
patch has obtained a wide acceptability as a carrier for different
drug carrier systems because of its ease of application, patient
compliance and accurate dosing. It exhibits slow, controlled drug
release and absorption. The plasma drug concentration does not
vary significantly over times minimizing inter and intra patient
variability and making possible to interrupt or terminate treatment
when necessary. Hence, in the reported study an attempt has been
made to improve the bioavailability of the colchicine by incorpo-
rating it in SLNs based transdermal patch and to evaluate their in-
vivo anti-gout potential in rats by Monosodium urate induced
subcutaneous air pouch model.

2. Materials and methods

2.1. Materials

Colchicine was obtained as gift sample from Watson Pharma-
ceutical Ltd. Thane, India. Kolliwax Glyceryl Monostearate (GMS)
was procured from BASF Mumbai, India as a gift sample. Tween 20,
Sodium lauryl Sulphate (SLS), HPLC grade acetonitrile and ortho-
phosphoric acid were procured from Fisher Scientific, Mumbai.
Highly pure water from Direct - Q3 Millipore water purification
system was used for the research work.

All the experimental procedures and protocols used in the
present study were reviewed and approved by Institutional animal
ethical committee (IAEC), KLE College of Pharmacy, Belagavi, Kar-
nataka, India (KLECOP/IAEC/Res. 16-20/04/2013). The committee
for the purpose of control and supervision of experiments on ani-
mals (CPCSEA) guidelines for animal handling were strictly fol-
lowed throughout experimental procedure. Animals were procured
from Shri Venkateswara enterprises, Bangalore, Karnataka, India.
Male Wistar rats weighing 230-250 gms were used for ex-vivo skin

permeation, skin penetration, pharmacokinetic and anti-gout
activity.

2.2. Preliminary screening and experimental design

Preliminary screening was done to select the solid lipid inwhich
drug has maximum solubility. Different solid lipids were tried viz.
Kolliwax GMS, GMS, Compritol 888, Stearic acid. The solid lipid was
melted in a water bath and the drug was added slowly till it gets
dissolved. The lipid which has maximum drug solubility was
selected for further study. Different surfactants were also tried. The
surfactant which gave least particle size with maximum drug
encapsulation was further selected for the study.

The SLN's were optimized with respect to the percentage of
solid lipids and surfactant. For the purpose of optimization 32 full
factorial design approach was utilized. Percentages of lipid and
surfactant were taken as independent variables, whereas particle
size and entrapment efficiency were taken as dependent variables.
Three different levels of independent variables were selected based
on preliminary studies and coded as�1(1%), 0(1.5%) andþ1 (2%) for
the minimum, moderate, and maximum concentrations. The actual
values of these three levels for the preparation of SLNs are as shown
in Table 1.

2.3. Preparation of colchicine-solid lipid nanoparticles(C-SLNs)

The C-SLNs were prepared by using ultrasonication process with
slight modification as per requirement [23]. Briefly, solid lipid
(Kolliwax GMS) was melted at 75 �C, above the actual melting point
of the solid lipid [24]. The required quantity of the drug was added
into the melted mass. The drug was completely dissolved and
further heating was carried out for 10 min at a constant tempera-
ture of 75 �C. The aqueous phase consisted of tween 20 (1.5% v/v)
and SLS (0.1% w/v). The aqueous phase was also heated at 75 �C for
10 min. The aqueous phase was added into lipid phase and mixed
thoroughly by using magnetic stirrer at 600 rpm for 10 min. The
emulsion was further sonicated by probe sonicator for 30 min with
15 s on-off cycles. The temperature was maintained at 75 �C during
sonication. The dispersion was suddenly cooled with ice-cubes and
kept at 4e8 �C for 5 min. The remaining aqueous phase was added
and resulting dispersion was sonicated for 15 min immersed in the
ice bath to promote the formation of C-SLNs. The prepared C-SLNs
were purified from the unentrapped drug by centrifuging the
colchicine loaded SLN at 68,250�g at 4 �C for 2 h using sorvall MX
150 ultracentrifuge (Thermo scientific, India). The colchicine loaded
SLNs pellets obtained after centrifugation were washed twice with
saline phosphate buffer to remove further any unentrapped drug
attached to the SLNs. The pellets were then redispersed in PBS and
used for further studies. All formulations were stored in 4e8 �C
until further analysis.

2.4. Characterization and evaluation of C-SLNs

2.4.1. Particle size, zeta potential and polydispersity index
The particle size (z-average diameter), Zeta Potential (Particle

Charge) and Polydispersity Index (PDI) of the C-SLNs were deter-
mined by Malvern zetasizer (Malvern instruments, UK). The sam-
ples were placed in disposable capillary cuvette and precautionwas
taken to avoid interference with air bubbles. All samples were
analyzed in triplicate.

2.4.2. Transmission Electron Microscopy (TEM)
The morphological structure of formulated C-SLNs was deter-

mined by using Transmission Electron Microscopy technique (TEM,
Hitachi, H-7500, 80 kV, Japan). Samples were negatively stained
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with phosphotungstic acid solution on carbon coated grid and
viewed under microscope at 10000e60000 fold magnification at
an accelerating voltage of 80 kV.

2.4.3. Xeray diffraction studies (XRD)
For evaluation of crystallinity, C-SLNs were freeze dried using

christ alpha 1e2 ld plus freeze dryer (France). Pure drug sample and
freeze dried C-SLNs (F5) were subjected to Xeray diffraction
studies (Philips Analytical, X-ray BV, PW 1710). The samples were
irradiated with monochromatized Cu radiations and analyzed be-
tween 2 q to 60 q.

2.4.4. Percentage entrapment efficiency
The entrapment efficiency of the C-SLNs was determined by

centrifugation method [25]. Briefly, the formulations were centri-
fuged at 68250�g at 4 �C for 2 h s (Thermo Scientific, Sorvall MX
150 Ultracentrifuge) to separate the un-entrapped drug from the
formulations. The supernatant (un-entrapped drug) was separated
and analyzed by using the validated HPLC method. The percent
drug entrapped was calculated by using the formula

Percent entrapment efficiency ¼ Wa�Ws
Wa

� 100 (1)

Where,

Wa - amount of drug initially added
Ws - amount of drug in supernatant

2.4.5. Ex-vivo skin permeation study
Abdominal skin of Wistar rat was used for permeation studies.

Hair was removed by using animal electrical clipper one day before
the permeation study, and the abdominal region was thoroughly
washed with water. On the next day, the rat was humanely sacri-
ficed with diethyl ether anesthesia; abdominal skin with full
thickness was excised and washed with normal saline solution.
Subcutaneous fat and connective tissues were removed carefully
with scissors and scalpel. The skin was observed carefully for
damage and used immediately. Ex-vivo permeability studies were
performed using six vertical cells (1.767 cm2 diffusional surface
area) and a PermeGear diffusion system (PermeGear, Inc. Heller-
town, PA, USA). 12.0 ml of phosphate buffer saline with pH 6.4 was
filled into the receptor chamber to maintain the physiological
condition. The temperature of the receptor fluid was maintained at
37 ± 0.5 �C by a water jacket connected to an external water bath
(Thermo Fisher Scientific, India). The receptor solution was
continuously stirred using a 10 � 2.5 mm magnetic stirrer bar. The
excised rat abdominal skin was mounted between the donor and

receptor compartment of the diffusion cell in such way that the
stratum corneum was facing donor compartment. The formulated
C-SLNs (1ml) were placed in donor compartment over the skin. The
samples were withdrawn at different time intervals (1, 2, 3, 4, 6, 8,
12, 18, 24, 36 and 48 hr) and analyzed for drug content by HPLC at
245 nm. The cumulative amount of drug permeated was deter-
mined. The flux and permeability coefficients were calculated.

2.4.6. Skin penetration study by fluorescence microscopy
Fluorescence Microscopic study was performed to determine

penetration of SLNs in the skin. Rhodamine B (Rh B) was added
during the preparation of SLNs in formulation procedure instead of
Colchicine. Rh B loaded formulation was applied on the dorsal skin
of Wistar rats. After 6 h the rats were sacrificed and the skin was
removed, blotted andwipedwith the tissue paper. Thewiped tissue
was fixed by standard procedure and the paraffin wax block was
prepared. The excess wax was removed and microtomy was per-
formed and the micro ribbon of the section was fixed on the slide.
The thin sections of samples were viewed under the Fluorescence
microscope (Leica PMRDF, Switzerland) and images were taken
[26].

2.4.7. Stability study
The formulated C-SLNs were kept at different temperature

conditions viz. 4�e8 �C and room temperature (32 ± 2 �C,
AprileMay) to check their stability. The samples were assessed for
their particle size and entrapment efficiency after a month.
Depending on the obtained results, formulation (F-5) which had
the highest entrapment efficiency and negligible change in the
particle size was selected for further studies.

2.5. Fabrication and evaluation of C- SLNs loaded transdermal
patch

The transdermal patches were prepared by solvent evaporation
technique using aluminum foil as a backing membrane. Trans-
dermal patches containing colchicine and freeze dried C-SLNs were
prepared. Based on the preliminary studies, the polymer ratio of
ethyl cellulose and polyvinyl pyrrolidone was fixed at (8:2) and
200 mL of triethyl citrate was used as plasticizer.

The polymers were dissolved in a solvent to which colchicine
(Chloroform)/optimized C-SLNs (Ethanol) and triethyl citrate were
added. The resultant dispersion was stirred at 500 rpm for 60 min.
The dispersion was then poured in Petri-dish and aluminum foil
was used as a backing membrane. It was allowed to air dry for
overnight at room temperature in dust free environment [27]. The
prepared patches were evaluated for weight variation, thickness,
folding endurance and drug content [28,29].

Table 1
32 Full-factorial design of C-SLNs and response parameters and Skin permeation parameters (n ¼ 3).

Formulation
Code

Solid
Lipid (X1)
(% w/v)

Surfactant (X2) (% w/v) P. S.
(nm)

P.D.I. Z.P.
(mV)

(%) E.E Flux
(mg/cm2/hr)

Permeability
Coefficient (cm/hr)

F1 �1 �1 100.7 0.251 �20.4 21.14 ± 0.50 4.76 9.52 � 10�3 cm/h
F2 �1 0 98.91 0.199 �20.3 21.65 ± 1.81 3.37 6.74 � 10�3 cm/h
F3 �1 þ1 92.0 0.167 �17.1 21.73 ± 0.69 3.93 7.86 � 10�3 cm/h
F4 0 �1 112.2 0.262 �23.8 32.83 ± 1.41 4.50 9.00 � 10�3 cm/h
F5 0 0 107 0.239 �17.4 37.25 ± 0.54 8.76 17.5 � 10�3 cm/h
F6 0 þ1 102.2 0.228 �20.6 34.13 ± 0.32 5.86 11.7 � 10�3 cm/h
F7 þ1 �1 135.2 0.241 �23.5 29.03 ± 0.40 4.97 9.94 � 10�3 cm/h
F8 þ1 0 127.4 0.233 �22.2 29.91 ± 0.60 8.65 17.3 � 10�3 cm/h
F9 þ1 þ1 120.6 0.185 �21.3 32.94 ± 1.54 6.89 13.8 � 10�3 cm/h

P.S. - Particle Size, P.D.I. - Polydispersity Index, Z.P. - Zeta Potential, E.E. - Entrapment Efficiency.
Actual values: X1 -1 ¼ 1%, 0 ¼ 1.5%, þ1 ¼ 2%, X2 -1 ¼ 1%, 0 ¼ 1.5%, þ1 ¼ 2%.
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2.6. Histopathological study of rat skin

The histopathological examination of skin was performed to
detect any damage to the skin layers because of C-SLNs Patch. The
removal of hair on the rat skin was carried out as discussed in
section 2.5; C-SLNs Patch and phosphate buffer solution were
applied to the hair removed area of the skin for 24 h. The treated
skin pieces were washed twice with physiological saline and
collected into 10% buffer formalin for tissue fixation. The specimen
was embedded in paraffin wax and stained with hematoxylin-
eosin. Paraffin tissue sections of 3e4 mm were cut and examined
under a light microscope attached with computer [15].

2.7. In-vivo pharmacokinetics activity

The in vivo pharmacokinetic study was carried out in Wistar
rats. Rats weighing 230-250 gms were selected for the study. Ani-
mals were allowed to fast over night before starting the experi-
ments. The animals were divided into 3 groups (n ¼ 06). The first
group was considered as a control group and received normal sa-
line solution. About 10 cm2 area of rat skin from second and third
group's rat skin was shaved 24 h before the experiment. In case of
Second group, the colchicine patch containing drug equivalent to
animal dose 5mg/kgwas applied [30]. The transdermal patch of the
optimized C-SLNs formulation was having drug equivalent to ani-
mal dose was applied. Blood samples (200e300 ml) were with-
drawn from the retro orbital cavity of rats in heparinized eppendorf
tube at predetermined time intervals viz. 0.25, 0.50, 1, 2, 4, 6, 8, 12
and 24 h. The blood samples were centrifuged at 5000 rpm for
10min (REMI Centrifuge, Mumbai, India). The clear plasma samples
were separated and stored at �80 �C until further analysis. Clear
plasma and acetonitrile were taken in equal quantity (200 ml each)
and mixed properly by using Mixmate eppendorf (Eppendorf AG,
Hamburg, Germany) at 2000 rpm for 15mins and centrifuged at
14100�g for 15 min. The supernatant was filtered through Nylon
syringe filter (pore size 0.45 mm) and injected in HPLC for further
analysis.

The validated HPLC method was used for the analysis of plasma
samples. The HPLC Shimadzu system consisting of CBM-20 A
Prominence communication Bus Module, SPD- M20A Prominence
Diode array detector, SIL-20AC HT Prominence auto sampler and LC
Solution software version 1.25 was used for data acquisition. The
analytical conditions were optimized on Phenomenex Luna C18
Column (150 � 4.6 mm, 5 mm) at room temperature. The mobile
phase was consisting of ACN: H2O (25:75% v/v). The chromato-
graphic conditions exhibited a flow rate of 1.0 ml, wavelength
245 nm and run time of 10 min.

2.8. Evaluation of in-vivo antigout activity

The antigout potential of the formulated C-SLNs patch was
studied by subcutaneous air pouch model in male Wistar rats. The
monosodium urate crystals (MSU) were synthesized by reported
procedure [31]. MSU crystals were suspended in fresh PBS at a
concentration of 10 mg/ml. The suspension was sonicated by using
probe sonicator (Revotec) and sterilized by autoclaving at 121 �C for
30 min. The rats were divided into four groups of nine rats in each
group. The dorsal areas of all rats were shaved after anaesthetiza-
tion and 10 ml sterile air was induced subcutaneously consecu-
tively on 6 alternate days. After six days, the normal control group
received normal saline subcutaneously. In the case of 2nd, 3rd, and
4th groups, 10 mL MSU solution (1 mg/ml) was injected in air
pouch. The 2nd group was considered as disease control and did
not receive any treatment. The 3rd group received colchicine patch
while C-SLNs patch was applied on the 4th group. Three rats from

each group were sacrificed at 6th, 12th and 24th hours respectively
by spinal dislocation. After immolate the animals, various param-
eters were studied to determine antigout activity as follows.

2.8.1. Measurement of exudate volume and leukocyte count
Exudate samples were collected from the rat air pouch by using

the sterile glass syringe just before killing the animals. Volumes of
collected exudates were measured immediately using graduated
centrifuge tubes. Inflammatory exudates collected from each ani-
mal were further analyzed for leukocyte count. It was done by using
neubauers counting chamber.

2.8.2. Histopathological studies (In vivo air pouch)
The skin of rats used in air pouch model was excised and dipped

in 10% buffered formalin. It was dehydrated by using ethanol,
immersed in xylene and then fixed in paraffin. By using a micro-
tome, the 5 mm thick sections of skinwere cut andmounted on slide
using commercial Bakers mounting fluid. Removal of paraffin wax
was done by gently warming the slide. The slide was further
washedwith xylene followed bywashingwith absolute alcohol and
water. The sections were stained with hematoxylin-eosin and
Masson's trichrome stains (MTS) to determine histopathology and
collagen deposition, respectively. The slides were analyzed by op-
tical microscope.

2.9. Statistical analysis

All experiments were performed in triplicate and results were
expressed as mean and SD. Statistical significance was assessed by
Tukey test for multiple comparisons with P < 0.05 as the minimal
level of significance. The analysis was carried out using the software
graph pad prism 5.0version.

3. Result and discussion

3.1. Preliminary screening

During the preliminary study the solid lipids selected in the
present research work were screened for their drug solubilization
capacity. The solubility of colchicine was found to be showing the
following order in different lipids: Kolliwax GMS > Creamer
GMS > Stearic Acid > Imvitor 491 > Imvitor 900 K > Compritol
888ATO. As the Kolliwax GMS has highest solubilization potential
for colchicine, it was selected for further studies. Various ionic and
non ionic surfactants were screened during selection based on the
particle size obtained with their use. The particles obtained with
various surfactants showed following trend of their size: Tween
20 < Tween 80 < Pluronic F68. The HLB value of surfactant plays an
important role in particle size and stabilization of o/w emulsions.
Normally surfactant with HLB value in between 12 and 16 is
considered as ideal for o/w emulsion. The HLB values of tween 20
and tween 80 were within the specified limits while the Pluronic
F68 had very high HLB value (~24). This may be the probable reason
for getting larger SLNs with Pluronic F68. Thus tween 20 was
selected for further studies.

3.2. Preparation of colchicineesolid lipid nanoparticles (C-SLNs)

The C-SLNs were prepared by ultrasonication process. The
sonication process is responsible for particle size reduction by
cavitation effect. During sonication process, large numbers of vac-
uum bubbles are introduced into the system which creates high
internal pressurewithin the dispersed system and breaks down the
particles to the nanoscale. During the preparation, two sonication
cycles were run. The first sonication cycle was carried out during
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heat condition to break down the particles formed to minute size
while second sonication cycle of less time in an ice bath was
selected to avoid the disruption of lipid nanoparticles at solidifi-
cation phase [32].

3.2.1. Polydispersity index (PDI)
PDI is an indicative of width of particle size distribution. Nor-

mally PDI ranges between 0 and 1. The more is the width of particle
size distribution, higher the PDI. The PDI of the prepared formu-
lations was ranging from 0.2 to 0.3 which implies themonodisperse
population of particles (Table 1). Formulations with higher PDI
normally tend to aggregate and become unstable. This low (PDI)
value though not confirmatory is indicative of stable system.

3.2.2. Zeta potential (ZP)
Due to their minute size nanoparticles have high surface free

energy, which makes them highly energetic systems. These ener-
getic systems are known to coalescence depending upon their
surface charge which is referred as zeta potential. Higher the zeta
potential more will be the repulsion between particles and less
chance to coalescence. The formulations have the zeta potential
between �16.3 and �23.8 mV. These high values of zeta potential
are indicative of stable dispersed systems. The results of zeta po-
tentials are as shown in Table 1.

3.3. Factorial design

The results of the experimental design were statistically
analyzed by using Design expert® software (Version 9.0, Stat-Ease
Minneapolis, MN, USA). The observed responses of 9 formulations
were simultaneously fitted to linear, interaction (2FI) and quadratic
models using the software. An appropriate polynomial model was
selected based on the statistical significance of the model (p < 0.05)
and lack of fit value of the model provided by the software. It was
seen that quadratic models were best fitted for the both responses
i.e. particle size and entrapment efficiency. The polynomial equa-
tions generated by design expert software were used to evaluate
the effect of independent variables on each response.

3.3.1. Effect of independent variables on particle size
Based on preliminary screening, the three levels of two inde-

pendent variables viz. lipid concentration (X1) and surfactant
concentration (X2) were selected and their effect on responses
(Dependent variables) viz. particle size (Y1) and entrapment effi-
ciency (Y2) was determined. The obtained values of these depen-
dent variables are as shown in Table 1. It was observed that the
particle size increased with increase in lipid concentration. The
particle size depends on how efficiently the sonication energy gets
distributed in the system. The higher lipid concentration hinders
the distribution of sonication energy in the system which may be
responsible for bigger particle size while lower lipid concentration
facilitates even distribution of sonication energy. Even though this
is a general mechanism which describes the effect of lipid con-
centration on particle size, in this study no significant increase in
particle size was found. This may be attributed to the selection of
smaller range of lipid concentration (1e2%). The particle size
showed inverse relationship with the surfactant concentration. The
particle size was reduced with increasing concentration of surfac-
tant. This pattern is obvious because the higher surfactant con-
centration provides enough surfactant to cover the tiny lipid
droplets surface, which in turn prevents their coalescence by
increasing the repulsion between them. The second order poly-
nomial equation for particle size is as below

Y1 (Particle Size) ¼107.55 þ 15.26 X1 -5.55 X2 e 1.47 X1X2 þ 5.33 X1
2

e 0.62 X2
2 (2)

Positive coefficients were observed in X1 and X1
2 i.e. lipid con-

centration having synergistic effect on particle size while negative
coefficients were observed in X2 and X2

2 i.e. which suggested that
surfactant concentration has inverse relationship with particle size.
The R2 value was found to be 0.9972 which implies that 99.72 of
variations in responses in study domain were attributed to inde-
pendent variables. The model F value of 210.50 implies that the
model is significant. There are only 0.0005% chances that F value
could be such large due to noise.

3.3.2. Effect of independent variables on entrapment efficiency
The entrapment efficiency was found to increase with increase

in lipid concentration. This can be easily understood as the higher
concentration of lipid provides high lipid to drug ratio which ulti-
mately results in higher encapsulation. Though the drug entrap-
ment was increased with lipid concentration the overall EE was
below 40% which may be attributed to hydrophilic nature of the
drug. The EE of C-SLNs was increased with surfactant concentra-
tion. These results are in confirmation with other similar studies
[33,34]. This improvement in EE may be attributed to retention of
drug molecules within the nanoparticles matrix or nanoparticles
surface at higher surfactant concentration. The second order
polynomial equation for EE size is as follows:

Y2 (Entrapment Efficiency)¼ 35.22 þ 4.56 X1 þ1.13 X2 þ 0.83 X1 X2
e 8.37 X1

2 e 1.17 X2
2 (3)

Here, the positive coefficients of X1, X2 and X1X2 have syner-
gistic effect on EE while negative coefficients have antagonistic
effect. The R2 value was found to be 0.9626 which implies that
96.26% of variations in responses in study domain were attributed
to independent variables. The model F value 15.46 implies the
model is significant. There is only 0.0237% chance that F value could
be such large due to noise. The 3-D surface plots for particle size
Fig. 1a and EE Fig. 1b are shown in Fig. 1.

3.4. Morphology

3.4.1. Transmission Electron Microscopy (TEM)
TEM is an important tool for the evaluation of particle

morphology wherein the electrons are transmitted through the
sample and image is produced by special sensor due to interaction
of electrons with sample. The images produced are two dimen-
sional. The TEM image of C-SLNs is as shown in Fig. 2a. The image
shows the spherical nature of the particles. Yet, it is highly possible
that the particles may have other shape but round shape may be
due to contact of microscopic probe with particle from upper side
[35,36].

3.4.2. X - ray diffraction (XRD)
XRD is a widely used method to determine the crystalline

behavior of prepared C-SLNs. X-RD is also useful to identify the
polymorphic modification that occurs during C-SLNs preparation.
The XRD patterns of colchicine (Fig. 2b-2) and prepared C-SLNs
(Fig. 2be1) are as shown in Fig. 2b. XRD Diffractogram of pure
colchicine showed intense peak at 24.76� indicating crystalline
nature of drug. In contrast, the characteristic peak of colchicine was
absent and there was considerable decrease intensity of all other
peaks in the XRD diffractogram of optimized C-SLNs indicating a
disordered crystalline state of the COL in SLNs. These results indi-
cate that colchicine have been successfully encapsulated into the
lipid matrix of SLNs in amorphous or disordered crystalline state
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[24].

3.5. Ex-vivo skin permeation study

The drug permeation study was carried out in order to deter-
mine the relative permeability of C-SLNs formulations. The
formulation F5 showed highest drug permeation
(330.34 ± 12.36 mg) with flux value of 8.76mg/cm2/hrs, and
permeability coefficient of 17.5 � 10�3cm/hrs. All formulations
showed continuous drug permeation till 48 h s. The flux and
permeability coefficient values of all the formulations are as shown
in Table 1. The basic reason behind the slow permeability of SLNs
formulations is the occlusive effect on skin, whereby the stratum
corneum (SC), the main barrier to drug transport becomes more
hydrated. This hydrated SC has an affinity for water as well as lipid
soluble drugs. This bifunctional solubility is associated with its
mosaic, filament-matrix ultra structure which bifurcates hydro-
philic and lipophilic regions.

Normally, hydrophilic drugs follow the transcellular route of
drug permeation. The water molecules which are in a bound state
with keratin structure solubilizes the hydrophilic drug and the
diffusion of the drug occurs slowly. This may be the probable reason

for the slow diffusion of drug through the skin for about 48 h [37].

3.6. Skin penetration study by fluorescence microscopy

Fig. 3 shows the fluorescence photomicrographs of the rat skin
after application of Rhodamine B (RhB) marker solution (Fig. 3a)
and RhB loaded SLNs (Fig. 3b) respectively. The fluorescence is
limited to the upper layers of skin in case of Rhodamine B (RhB)
marker solution (Fig. 3a) which indicates the poor penetration
power of the solution. The SLNs formulation showed deep pene-
tration, where the fluorescence was observed in the deep areas of
the skin (Viz. viable epidermis, dermis and adipose tissue) (Fig. 3b).
The intensity of the fluorescence was also enhanced by encapsu-
lation of RhB in SLNs. This confirms that the SLNs have deep
penetration power inside the skin layers.

3.7. Stability study

Formulations were stored at 4e8 �C and room temperature for
assessment of their stability. The slight enhancement in particle
size (2e7.9%) and negligible reduction in entrapment efficiency
(0.32e6.21%) was observed in case of formulations stored at

Fig. 1. Response surface graphs and contour plot showing the effect of variables on formulated C-SLNs.
a) Particle size.
b) Entrapment efficiency.
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4e8 �C. Similar results were observed for formulations stored at
room temperature but the increment in particle size and reduction
in entrapment efficiency was comparatively more at room tem-
perature (2.72e10.62% and 0.26e8.09%) respectively. All the

formulations were remained clear without any sign of degradation
during the course of the investigation. Thus, the results of stability
studies showed the physiological stability of all the formulations at
4e8 �C and room temperature.

3.8. Fabrication and evaluation of C- SLNs loaded transdermal
patch

The transdermal patches were prepared by solvent evaporation
technique using aluminum foil as a backing membrane. The
different variables affecting the quality of patch like the ratio of
polymers, time of stirring, the concentration of plasticizer, solvent
quantity were optimized to get the good quality transdermal patch.
Weight variation and thickness of patches were in the ranges
29.72e29.79 mg and 165e320 mm respectively. Folding endurance
ranged from 80 to 102 indicating patches were highly flexible. The
% drug content of the prepared formulations was found to be more
than 95% which indicates a uniform distribution of the drug in the
lipoidal carrier.

3.9. Histopathological study of rat skin

Fig. 4 shows the histopathological microscopic pictures of un-
treated skin (Fig. 4a) and skin treated with the transdermal patch
(Fig. 4b). Hematoxylin and eosin were used as the staining agent.
The untreated skin showed normal stratum corneum below which
tightly conjugated corneocyte layer is present. The skin layers were
compact and were highly packed. The stratum corneum layer of
skin treated with the transdermal patch was slightly swollen. The
inner layers showed loosening of cellular compactness. This may be
the probable reason for higher flux values of C-SLNs patch during
ex-vivo drug permeation studies. This loosening of the highly
organized cellular structure may be because of occlusive effect. It
has been found that the occlusive effect is dependent on particle
size. The nanoparticles having a particle size less than 200 nm
showed 15 times more occlusivity than micro particles (~4 mm)
[36]. Normally, occlusion of skin surface by nanoparticles is
responsible for increased hydration of stratum corneum leading to

Fig. 2. Characterization of C-SLNs and Colchicine.
a) Transmission electron microscopy of C-SLNs.
b) X-ray diffraction pattern of:
1) Lyophilized Colchicine C-SLNs.
2) Pure drug Colchicine.

Fig. 3. Rhodamine B dye deposition into rat skin after application as
a) Rhodamine B Solution.
b) Rhodamine B loaded SLNs.
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loosening of packing of corneocytes and facilitating penetration of
the drug into the deeper layers of the skin [38,39].

3.10. In-vivo pharmacokinetic study

Fig. 5 shows the plasma concentration Vs time profile of
colchicine after the application of colchicine patch and C-SLNs

based transdermal patch. Various pharmacokinetic parameters
were obtained by non compartmental analysis by using PKsolver, a
menu driven add-in program for Microsoft Excel (Version 2.0,
China). The Cmax and Tmax after application of colchicine patch were
found to be 39.74 ± 1.38 ng/ml and 4 h respectively. In case of the
transdermal C-SLNs patch, the Cmax was less (37.75 ± 3.38 ng/ml) as
compared to colchicine patch but it was obtained after 6 h. The drug
concentration in plasma at 24 h was negligible for colchicine patch
and was found to be below quantification limit (LOQ 10 ng/ml),
while it was 30.27 ± 2.80 ng/ml for C-SLNs patch formulation. The
AUC 0/∞was found to be 2.84 times more for C-SLNs transdermal
patch formulation which clearly indicates that exposure of drug to
plasma has been enhanced via C-SLNs patch approach. The elimi-
nation half life (t½) was found to be increased (3.17 times) when the
drug was administered as C-SLNs based transdermal patch
formulation (90.80 h V 28.64). The elimination rate constant was
also found to bemuch lower for C-SLNs patch formulation (0.007 Vs
0.024). These findings indicate that the drug was released slowly
and the sustained release with higher mean residence time
improved the bioavailability of the drug via C-SLNs transdermal
approach.

3.11. In-vivo antigout activity

MSU induced rat air pouch model was used to determine in vivo
performance of optimized formulation. The gout is an inflamma-
tory condition which is characterized by edema. In the present
study, exudate volume which is representative of edema was
measured. The inflammation in joints is normally associated with
an increase in exudate volume and leukocyte counts. The exudate
volume was consistently increased in MSU treated control group.
This increased exudate volume and turbidity is an indication of
inflammatory cell infiltration (Table 2). The pseudogout condition
normally gets fully developed after 24 h of administration of MSU
so the colchicine formulations were applied 24 h after the MSU
administration. The percent reduction in exudate volume was
found to be 3.04 fold more at the end of 12 h in C-SLNs patch
administered group than that of colchicine patch which was further
increased to 19.42 fold at the end of 24 h. This significant reduction
in exudate volume was mainly due to sustained release of drug
through C-SLNs patch. Similar results were observed for leukocyte
count. The leukocyte count was significantly less at 6,12 and 24 h in
C-SLNs patch based formulation than colchicine patch. Further
confirmation of the anti-gout potential of the developed formula-
tion was done by using eosin-hematoxylin stain. The air pouch
membrane was stained and extent of infiltration of inflammatory
cells was checked. Fig. 6A (a)e(d) shows the photomicrograph of
eosin-hematoxylin stained membranes of groups without treat-
ment, control, colchicine patch and optimized (C-SLNs) trans-
dermal Patch of the treated group respectively. MSU- treated
control group showed a high level of infiltrating cells with large
numbers of lining cells, vessels and infiltrating neutrophils. The
colchicine patch treated group shows a slight reduction in above
conditions but the extent is comparable to control group.

Gout is associated with fibrosis which is indicated by collagen
deposition. The amount of collagen deposition is directly propor-
tional to the severity of the disease. The extent of reduction in
collagen deposition is utilized as a determinant in the in-vivo per-
formance of different dosage forms for treatment of gout. The
masson trichome stain (MTS) was used as collagen specific stain to
determine the collagen deposition. Significant reduction in
collagen deposition was observed in C-SLNs patch treated group
while the collagen deposition was maximum for the control group.
The colchicine patch showed minimal change in collagen deposi-
tion thus the findings again highlighted the superiority of C-SLNs

Fig. 4. Histopathologic images of hematoxylin e eosin stained rat skin after treatment
with
a) Control (Phosphate buffer Solution).
b) C-SLNs Patch.

Fig. 5. Mean plasma concentration of Colchicine after application of colchicine patch
and C-SLNs Transdermal Patch (n ¼ 6).
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based transdermal patch over colchicine patch Fig. 6 B(a)e(d).

4. Conclusion

In the recent times, solid lipid nanoparticles (SLNs) have
emerged as novel drug carrier system. In the present study,
colchicine an antigout drug was successfully encapsulated in C-
SLNs. The lipid and surfactant content of the dispersion was opti-
mized by 32 full factorial design. The ex-vivo drug permeation and
drug penetration studies have revealed the transdermal potential
of C-SLNs. The stable formulation F5 with optimum particle size
and maximum entrapment efficiency was fabricated into a trans-
dermal patch. The in-vivo bioavailability study revealed that the
AUC 0/∞ is 2.84 times more for C-SLNs transdermal patch formu-
lation as compared to colchicine patch. The drug concentration in
plasma was found to be sustained for more than 24 hr. The in-vivo
antigout potential of the prepared formulation was assessed by Air
Pouch Model. The transdermal patch formulation showed a sig-
nificant reduction in collagen deposition, leukocyte count and
exudate volume as compared to colchicine patch. Thus, the present
study concludes that the C-SLNs based transdermal patch formu-
lations of colchicine could be a promising approach for the treat-
ment of gout.
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1. Introduction
Hepatic damage occurs mainly due to either liver 
infection or with administration/ingestion of antibiotics 
in therapeutic ranges. Various chemicals mainly 
chlorinated hydrocarbons, benzene, alcohol, mercury, 
arsenic etc are known to induce hepatic damages, leading 
to overall decline in metabolic functions of liver1. Some 
of these toxicants formed their active metabolites in 
liver and thus responsible for lipid peroxidation, protein 
dysfunction and finally oxidative stress. These cellular 
consequences disturb the vital physiological process 
which results into cell death and organ dysfunction2. The 

major concerns to noticed the liver diseases includes; 
firstly almost impossible as liver is extremely regenerative 
organ in which repairing action of damaging events 
mostly take place simultaneously; secondly, currently 
employed allopathic agents does not promise/guarantee 
for cure and/or prevention of liver diseases. Hence there 
is urgent need of hepatoprotective agent with least side 
effect3,4.

Trichosanthes lobata Roxb (Family-Cucurbitaceae) 
known as Patola (Sanskrit) and wild snake gourd 
(English), is largely found in Maharashtra, India. 
Traditionally, the plant used as bitter tonic, laxative, 
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depurative, digestive, cardiotonic, anthelmentic, and in 
treatment of jaundice5. Documented reports suggest the 
presence of various phytoconstituents viz; cucurbita-5, 
24-dienol, α, β carotene, lycopene, lutein, vitamin C 
and β-sitosterol in Trichosanthes lobata6. However, 
there are no scientific reports unavailable indicating 
hepatoprotective effects of Trichosanthes lobata. Thus 
based on the presence of chemical constituents in 
Trichosanthes lobata, the present studies was undertaken 
to investigate the hepatoprotective effect of Trichosanthes 
lobata in PCM induced hepatic damage in rats and to 
understand the underlying mechanism of action.  

2. Materials and Methods

2.1 Plant Material
The plant Trichosanthes lobata (Family- Cucurbitaceae) 
was collected in the month of June from local region of 
Lonavala region of Maharashtra, state, India. The plant 
herbarium was taxonomically identified at Botanical 
Survey of India (BSI), Pune. A voucher specimen (BSI/
WC/Tech/2008/354-RRW/TL-2.) has been deposited for 
future reference. 

2.2 Drugs and Chemicals
Paracetamol and silymarin were obtained as gift sample 
from Torent Research Centre, Ahmedabad and Cadila 
Pharma Ltd. India, respectively. Thiobarbituric Acid 
(TBA), reduced glutathione, oxidised glutathione and 
nicotinamide adenine dinuleotide (NADPH) were 
obtained from Himedia Laboratories, Mumbai, India, 
5, 5-dithiobis (2-nitrobenzoic acid)-(DTNB) and 
epinephrine were purchased from Sigma chemical Co, 
St. Louis, MO, USA. Standard reagents and kits for 
determination of AST, ALT, ALP, LDH, Total Proteins and 
Total bilirubin were purchased from Span Diagnostics, 
Surat, India and Ranbaxy laboratories, Delhi, India. All 
other chemicals and reagents were of analytical grade 
obtained from local suppliers. 

2.3 Preparation of Extracts 
The powdered plant material (500 gm) was subjected 
to successive solvent extraction with the solvents in the 
order of increasing polarity in ratio of (1:2) viz; petroleum 
ether (40-60 ºC), followed by chloroform and alcohol. 

Aqueous extract was prepared by cold maceration 
process using chloroform water 1996 as extracting 
solvent wherein, chloroform servers as preservative7. 
The extracts were dried under reduced pressure using 
rotary evaporator afforded semi solid extracts. It was 
then stored in ambered glass bottle until used. 

2.4 Preliminary Phytochemical Analysis
The preliminary phytochemical analyses were carried 
out for the presence of various chemical constituents in 
alcoholic and aqueous extract of Trichosanthes lobata 
respectively8.

2.5 High Performance Thin Layer 
Chromatography (HPTLC) Study

The aqueous and alcoholic extracts of Trichosanthes 
lobata were dissolved in respective HPTLC grade ethanol 
and water which were used for sample application on 
precoated silica gel GF 254 aluminium sheet (Made- 
Merck, Germany). The samples (5 µL) were spotted 
in the form of bands of width 6 mm with a 100 µL 
sample using a Hamilton syringe on silica gel which was 
precoated on aluminium plate GF-254 plates (20 cm X 
10 cm) with the help of Linomat 5 applicator attached 
to CAMAG HPTLC system, which was programmed 
through WIN CATS software. The linear ascending 
development of chromatogram was carried out in a 
(20 cm X 10 cm) twin trough glass chamber saturated 
with the mobile phase (Ethyl acetate:Formic acid:glacial 
acetic acid:Water (99:12:11:27 v/v/v). The developed 
plate was dried by hot air to evaporate solvents from the 
plate. The plate was sprayed with anisaldehyde sulphuric 
acid and 5 % Ferric chloride as spray reagent and dried 
at 100 ºC in hot air oven for 3 min. The plate was kept in 
photo-documentation chamber (CAMAG REPROSTAR 
3) and images were taken at 214 nm. captured the images 
under UV light at 214 nm, respectively. The Retention 
factor (Rf ) values and finger print data were recorded 
(WIN CATS software). Quercitin was used as reference 
standard for comparison. 

2.6 Experimental Animals 
Wistar rats of either sex (150-200 gm; 10–12weeks 
old) were procured from National Toxicology Centre, 
Pune. Animals were housed (6/group) in polycarbonate 
cages with standard conditions: humidity (50 ± 5 %), 
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temperature (25 ± 2 ºC) and light (12 hr light: 12 hr 
dark cycle) in our departmental animal house and were 
fed with a standard diet (Amrut lab Animal feed Pune, 
India) and water ad libitum. Experimental protocols 
was reviewed and approved by the Institutional Animal 
Ethics Committee KLE University’s College of Pharmacy, 
Belagavi, Karnataka. (IAEC Reg. No.: 627/02/a/
CPCSEA).

2.7 Acute Oral Toxicity Studies
Acute toxicity studies of aqueous and alcoholic extract 
were carried as per OECD-423 guidelines)9. The extracts 
at various doses were administered up to 2000 mg/kg, 
p.o. Animals were observed for toxic effect, behavioural 
changes and mortality, if any for a period of 72 hr. The 
doses of extracts were selected on the basis of findings of 
pilot experiments. 

2.8 Dose Selection and Drug Administration
The aqueous (TLAQ) and alcoholic (TLAL) extracts were 
dissolved/suspended in 1% CMC and administered by 
oral route.  The various doses of TLAQ and TLAL were 
administered to PCM induced rats and serum marker 
enzymes were measured for all the groups. The 200, 400 
mg doses were found to be effective and hence used for 
further hepatoprotective activity evaluation. 

3. Paracetamol-Induced Hepato-
toxicity in Rats

Paracetamol (Acetaminophen; Torent Research 
Centre, Ahmedabad) was suspended in 1 % CMC 
and administered per oral (p.o); at a dose of 2 gm /kg. 
Animals, after acclimatization (6-7 days) in the animal 
quarters, were fasted overnight and randomly divided 
into seven groups (n = 6) and treated in the following 
way. Group I served as Normal (vehicle) control and fed 
orally with CMC (10 ml/kg b.w; p.o). Group II vehicle 
control administered with PCM in CMC.  Animals of 
Group III were treated with, Silymarin (100 mg.kg b.w; 
p.o). Group IV and V rats were treated with (200 mg 
and 400 mg/kg b.w) of TLAQ and Group VI and VII 
rats were treated with (200 mg and 400 mg /kg b.w) 
of TLAL respectively.  The drug treatment and vehicle 
were administered once a day for 7 day to the respective 
group. On the 7th day, paracetamol suspension was given 

by oral route, in a dose of (2 gm/kg) in 1% CMC to all 
rats except the rats in group I10.

3.1 Biochemical Studies
On 8th day, under light ether anaesthesia blood was 
withdrawn directly from the heart and thereafter 
rats were sacrificed by euthanasia. The liver tissues 
were removed, washed with cold normal saline and 
preserved at -20 ºC. The serum was separated by 
centrifugation at 1200 rpm (Remi, USA) below 30 ˚C 
for 15 min and used for the assay of liver marker viz; 
Serum alanine aminotransferase (ALT), Serum aspartate 
aminotransferase (AST)11,  alkaline phosphate (ALP)12, 
Lactic Dehydrogenase (LDH)13, Total Bilirubin (TB)14 
and Total Proteins (TP)15 were determined by standard 
methods using enzyme assay kits. 

3.2 Antioxidant Assays
The liver homogenate (10% w/v) was prepared in Triss 
buffer at (pH-7.4) and then centrifuge (Remi, Pvt. 
Ltd.) at 6000 rpm for 15 min and the supernatants 
used for the measurement of antioxidants.  The Lipid 
peroxidation was assayed in homogenate by determining 
the formation of MDA16,  Catalase (CAT)17, Superoxide 
dismutase (SOD)18, and Reduced Glutathione (GSH)19.

3.3 Histopathological Studies
The remaining liver tissue preserved in 10 % w/v 
formalin was embedded in paraffin wax and cut into 
3-4 µm thick section on microtome and sections were 
stained using haematoxylin and eosin, and observed 
under microscope for histoarchitecture alterations. 

3.4 Statistical Analysis
The Experimental data was analysed by One way ANOVA 
followed by student ‘t’ test and results were expressed as 
Mean ± Standard Error Mean (SEM). Differences were 
considered statistically significant when p<0.05. 

4. Results 

4.1 Preliminary Phytochemical Analysis
Based on preliminary phytochemical analysis of 
TLAQ showed the presence of flavonoids, tannins and 
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polyphenolic compounds whereas, TLAL showed the 
presence of flavonoids, tannins, saponins and alkaloids. 

4.2 HPTLC Analysis
Optimized HPTLC chromatogram of TLAQ and 
TLAL extracts showed presence of quercitin as major 
phytoconstituents at 214 nm which is comparable with 
standard quercitin and exhibited as blackish (visible) 

band in the Rf range of 0.47 to 0.52. Figure 1 showed 
a good linear relationship (r2 = 0.98 and 0.98 with 
respective to height and peak area) at the concentration 
of 5µl/spot. Thus it is possible that standard quercitin 
and extract showed Rf value at same wavelength i.e., 
214 nm. Hence our extracts might contain quercitin as 
important flavonoid. 

Fig. 1. (a) HPTLC peak showing presence of Quercitin at 214 nm in alcoholic extract of Trichosanthes lobata. 
(b) Peak of standard Quercitin at 214 nm. (c) Peak showing presence of Quercitin at 214 nm in aqueous extract of 
Trichosanthes lobata. T2 Quercitin, T1 and T3 replicate spots for TLAL and TLAQ on HPTLC plate 5 μl ml of sample 
was applied and compared with standard quercitin, at 214 nm.

4.3 Acute Oral Toxicity in Rats
The acute toxicity studies on aqueous and alcoholic 
extract of Trichosanthes lobata were not carried 
out by oral route at doses 2000 mg/kg, mortality 
nor were toxic clinical symptoms observed. 
Furthermore, the pilot experiment was performed 
for the effective dose for hepatoprotective activity 
evaluation, based on findings of pilot experiment 
and oral acute toxicity studies various doses viz. 
200 and 400 mg/kg were selected for detailed 
hepatoprotective activity evaluation. 

4.4 Hepatoprotective Activity Screening
Rats administered with paracetamol (2 gm/kg) induced 
significant (p<0.05) hepatic damage as evidence from 
significant elevation of AST, ALT, ALP, LDH and 
total bilirubin with marked decreased in total protein 
concentration compared to paracetamol treated group. 
Pre-treatment with TLAQ and TLAL (200 and 400 mg/
kg) and Silymarin (100 mg/kg) prevented the elevation 
of serum marker enzymes AST, ALT, ALP, LDH and total 
bilirubin with marked restoration of total proteins in 
paracetamol  treated rats. (Table 1 and 2). 
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The MDA formation (an index of lipid peroxidation) 
was increased significantly in paracetamol treated rats 
and subsequently prevented (p<0.01) the increased 
MDA formation significantly compared to vehicle 
control group (Table 3). Depletion of GSH, and the SOD 
and CAT were restored by pre-treatment by TLAQ and 
TLAL dose dependently. The effect of TLAQ (200 mg/
kg) and TLAL (200 mg/kg) were comparable to that of 
silymarin 100 mg/kg (Table 3).

Furthermore, in histopathological studies 
paracetamol treated liver sections showed necrosis, 
lymphocytes infiltration, congestion and haemorrhage of 
hepatocytes. However, treatment with TLAQ and TLAL 
at the dose of (200 and 400 mg/kg) almost prevented the 
infiltration of lymphocytes and congestion as compared 
to PCM treated rats (Figure 2(a)-(g)).

Table 1:  Effect of an aqueous (TLAQ) and alcoholic (TLAL) extracts of Trichosanthes lobata on serum 
marker enzymes in paracetamol-induced liver toxicity in rats

Treatment and dose  
(mg/kg, p.o)

Serum marker enzymes (Mean ± SEM;  n=6)
AST (IU/L) ALT (IU/L) ALP (IU/L) LDH (IU/L)

Vehicle treated 10 ml/kg 21.83  ± 2.48 16 ± 3.4 3.1 ± 0.3 221.5 ± 19.58
PCM 2 gm/kg 127.33 ± 6.59## 72.8 ± 5.1## 54.6± 5.5## 861.5 ± 89.5##

Silymarin 100 mg/kg 43.33 ± 4.13** 37.1 ± 6** 15.6 ± 2.3** 338 ± 26**
TLAQ 200 mg/kg 113.83   ± 6.5* 83.8  ± 4.9* 47.4  ± 3.2* 766  ± 54.82*
TLAQ 400 mg/kg 70.6  ± 6.1** 53.8   ± 6** 42.4  ± 3** 575  ± 62.4**
TLAL 200 mg/kg 113.3  ± 9.8* 64.3  ± 4.5* 47  ± 3.7* 757  ± 47.86*
TLAL 400 mg/kg 73.5  ± 6.8** 51.5  ± 4** 41  ± 3.5** 639  ± 54.7**

*p < 0.05 and **p<0.01 compared with PCM treated group.  ## p<0.05 compared with vehicle treated group. PCM: Paracetamol.

Table 2:  Alterations in the values of Total Proteins (TL) and Total Bilirubin (TB) with treatment of 
Trichosanthes lobata (TL) leaves extracts in paracetamol (PCM) induced liver toxicity in rats

Treatment and dose  
(mg/kg, p.o)

Parameters (Mean ± SEM;  n=6)
Total Proteins (mg/dL) Total Bilirubin (mg/dL)

Vehicle treated 10 ml/kg 13.3 ± 1 0.88 ± 0.13
PCM 2 gm/kg 6.4 ± 0.9## 2.21 ± 0.24##

Silymarin 100 mg/kg 11.98 ± 1.1** 1.16 ± 0.24**
TLAQ 200 mg/kg 8.2 ±  0.77* 1.83 ± 0.19*
TLAQ 400 mg/kg 10.53 ± 0.87** 1.23 ± 0.28**
TLAL 200 mg/kg 7.96 ± 0.73* 1.83 ± 0.15*
TLAL 400 mg/kg 9.71 ± 0.8** 1.28 ± 0.24**

*p < 0.05 and **p<0.01 compared with PCM treated group.  ## p<0.05 compared with vehicle treated group. PCM: Paracetamol

Table 3:  Effect of an aqueous and alcoholic extracts of Trichosanthes lobata on MDA formation, SOD, GSH, CAT 
in paracetamol induced hepatotoxicity in rats 

Treatment and dose  
(mg/kg, p.o)

Parameters (Mean ± SEM;  n=6)
SOD  
U/mg of Protein

GSH  
µg/g of Protein

CAT  
µmole of H202/mg of Protein

MDA  
nmole/gm of Protein

Vehicle treated 10 ml/kg 33.66 ± 3 2.76 ± 0.27 29 ± 2.3 4.2 ± 0.34
PCM 2 gm/kg 13.5 ± 1.64## 1.33 ± 0.9## 10.15 ± 1.48## 29 ± 3.6##

Silymarin 100 mg/kg 26.33 ± 2.58** 2.5 ± 0.2** 24.5 ± 2** 9.26 ± 1.1**
TLAQ 200 mg/kg 17.6 ±1.3* 1.7 ± 0.24* 13.8 ± 1.9* 25.7 ± 2.7*
TLAQ 400 mg/kg 21.1 ± 3** 2.2 ± 0.2** 20 ± 2** 19.83 ± 1.7**
TLAL 200 mg/kg 17.3 ± 1.2* 1.7 ± 0.1* 13.6 ± 1* 25.6 ± 2.1*
TLAL 400 mg/kg 22.5 ± 2.1** 2.25 ± 0.22** 22.5 ± 2.1** 21.8 ± 1.7**

*p < 0.05 and **p<0.01 compared with PCM treated group.  ## p<0.05 compared with vehicle treated group. PCM: Paracetamol
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Fig. 2A. Section of liver of normal control rats showed 
normal hepatic cells with nuclei and cytoplasm. 

Fig. 2B. Section of paracetamol (PCM) overdose-
treated rat liver showed marked necrosis, (yellow arrows), 
lymphocytes infiltration (black arrows), congestion and 
hemorrhages.

Fig. 2C. Silymarin (100 mg/kg) + paracetamol (2 g/kg mg/
kg) treated group showed mild congestion, lymphocytic 
infiltration and regenerating architecture of hepatocytes 
with mild necrosis.

Fig. 2D. TLAQ (200 mg/kg) + PCM treated group showed 
vascular dilatation, mild infiltration of lymphocytes.

Fig. 2E. TLAQ (400 mg/kg) + PCM treated group, showed 
regeneration of hepatocytes with prominent nucleus and 
no signs of necrosis or inflammatory infiltrate and are close 
to normal.

Fig. 2F. TLAL (200 mg/kg) + PCM treated group showed 
vascular dilatation, mild infiltration of lymphocytes. 
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Fig. 2G. TLAL (400 mg/kg) + PCM treated group, showed 
regeneration of hepatocytes with prominent nucleus and 
no signs of necrosis or inflammatory infiltrate and are close 
to normal.

5. Discussion
Paracetamol (Acetaminophen) is widely used clinically 
as antipyretic and analgesic agent, and found to be safe 
at therapeutic doses, however, it can induce hepatic 
damage in human beings, rats and mice at higher doses.20 
Hepatotoxicity of paracetamol has been attributed 
to the formation of toxic and reactive metabolites 
N-Aacetyl-P-Benzoquinone Imine (NAPQI).  NAPQI 
is detoxified by conjugation with reduced glutathione 
(GSH) to form mercapturic acid. If the rate of NAPQI 
formation exceeds the rate of detoxification by GSH; it 
oxidizes tissue macromolecules mainly as lipid or thiol 
group protein and alters the homeostasis of calcium 
after depleting GSH21. The hepatic damage is largely to 
reflect in terms of leaking of cellular enzymes into the 
bloodstream due to disturbances caused in the transport 
functions of hepatocytes. Therefore determination of 
enzymes in the serum is a useful biological marker of 
the extent and nature of hepatocelluar damage22. In 
the present experimental findings, the rats treated with 
paracetamol (2 gm/kg), showed a significant hepatic 
damage, reflected by elevation of serum marker enzymes 
(ALT, AST, ALP and LDH) and MDA formation in 
liver homogenates. Pre-treatment with TLAQ and 
TLAL extracts at (200 and 400 mg/kg, p.o) significantly 
prevented the elevation of serum marker enzymes and 
total proteins. The prevention of elevated serum marker 
enzymes by TLAQ and TLAL (200 and 400 mg/kg, p.o) 
might be due to membrane stabilization of hepatocytes 
which consequently prevents the cystolic released in 

circulation. These findings are in agreement with the 
documented fact that, serum transaminase levels return 
to normal with healing of hepatic parenchyma and 
regeneration of hepatocytes23.

Most of the hepatotoxic chemicals including 
paracetamol induced damage liver probably by lipid 
peroxidation directly or indirectly. In higher animals, 
lipid peroxidation was known to cause destabilization 
and disintegration of the cell membrane, leading to liver 
injury, arteriosclerosis and kidney damage. Amongst 
peroxy radicals are important agents that mediate 
lipid peroxidation thereby damaging cell membrane24. 
Administration of TLAQ and TLAL extracts at (200 and 
400 mg/kg) significantly attenuated the MDA formation; 
thereby suggesting that free radicals formation/oxidative 
reactive species are removed/neutralised by the plant 
constituents present in the extracts and thus prevented 
hepatic damage.

Glutathione (GSH) is one of the most abundant 
tripeptide non-enzymatic intracellular biological 
antioxidant present in liver. It is involved in removal 
of free radicals such as H2O2, superoxide anions and 
alkoxy radicals, preserving membrane protein thiols and 
a substrate for glutathione peroxidase and glutathione 
reductase25. In the present experiments, paracetamol 
administration exhibited lower GSH content in liver, 
and subsequently pre-treatment with TLAQ and TLAL 
extracts at (200 and 400 mg/kg,) able to reverse such 
effects. 

The Reactive Oxygen Species (ROS) are the free 
radicals that initiate the process of hepatic damage due 
to high oxidative stress so, formed ROS are scavenged/
neutralized by endogenous antioxidant enzymes, thus, 
there activity get impaired. Since, endogenous defence 
system activated during such events that include free 
radical scavengers/Neuratilzers and chain reaction 
terminators, enzymes such as SOD and CAT26. In this 
study, SOD plays an important role in the elimination 
of ROS derived from the peroxidative process of 
xenobiotics in liver tissues. The restoration of SOD due 
to pre-treatment with TLAQ and TLAL extracts at (200 
and 400 mg/kg) have an efficient protective mechanism 
in response to ROS during hepatic damage.

CAT is a key component of antioxidant defense 
system. Inhibition of these protective mechanisms results 
in enhanced sensitivity to free radical-induced cellular 
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damage. Excessive production of free radicals may results 
in alterations in the biological activity of hepatic cellular 
macromolecules27. Pre-treatment with TLAQ and TLAL 
extracts at (200 and 400 mg/kg) restored CAT activity in 
paracetamol–induced hepatic damage and thus prevent 
accumulation of excessive free radicals. The ability 
of TLAQ and TLAL extracts to protect paracetamol-
induced hepatic damage in rats might be attributed to 
its ability to restored endogenous antioxidants system. 
Thus, experimental findings suggested that TLAQ and 
TLAL extracts able to prevent hepatic damage due 
paracetamol by their antioxidant property. Since, this 
model of hepatic damage in the rats simulate many 
of the features of human liver pathology, our finding 
suggest that natural antioxidants and scavenging agents 
in Trichosanthes lobata leaves extracts might be involved 
in  hepatoprotection.

This was further supported with histopathological 
changes. Therefore, it seems that TLAQ and TLAL 
extracts, due to its antioxidant property, might capable 
of protecting the hepatic tissues from paracetamol-
induced injury and inflammatory changes. The 
TLAQ and TLAL extracts found to rich in flavonoids. 
Presence of flavonoids in the extracts was confirmed 
and agreement with our preliminary phytochemical 
screening and HPTLC studies. Flavonoids are natural 
products, which have been shown to possess antioxidant 
property. As Trichosanthes lobata leaves extracts contains 
large amount of flavonoids it may be possible that the 
hepatoprotective activity may be due to the presence of 
flavonoids in the extracts. 

6. Conclusion
Based on aforementioned finding, we proposed that 
hepatoprotective effect of Trichosanthes lobata leaves 
extracts might be due to antioxidant effect (elevation 
of endogenous antioxidant enzymes and total proteins) 
and membrane stabilization of hepatocytes (reduce 
AST,ALT, ALP, LDH and total bilirubin) by scavenging/
neutralizing free radicals. The present study thus 
validate the traditional use of Trichosanthes lobata 
in the treatment of liver diseases and also points out 
that Trichosanthes lobata warrants future detailed 
investigation as promising hepatoprotective agent.
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ABSTRACT 

To study the morpho-anatomy of the aerial parts of Trichosanthes lobata (Cucurbitaceae) to increase the knowledge and 

standardization parameters of these plants. Morpho-anatomical studies of leaves have been carried out by free hand. The 

different types of histochemical test were performed by using staining reagents. Phytochemical and quantitative estimation 

has been determined along with HPTLC fingerprinting. Leaves simple, reniform, or ovate, 5 lobbed and glabrous.  

Anomocytic stomata are present on lower epidermis. A single layer of elongated palisade cells are present below upper 

epidermis. Leaf bears covering trichomes unicellular to 3-4 celled long. The central region is occupied by arc shaped 

vascular bundles comprising of xylem vessels surrounded with phloem cells. Physicochemical paradigms such as; ash 

value, inorganic elements, moisture content and extractive values were determined to develop stringent Pharmacognostic 

standards. Qualitative, and Quantitative standardization and, HPTLC fingerprint study of alcoholic and aqueous extracts 

confirmed the presence of quercitin as biomarker polyphenolic compound. These studies provides referential information 

for correct identification, as well as assessment of purity, quality of this plant, which definitely gaining the relevance in 

plant drug research and establishment of plant monograph. 

 

Keywords: Trichosanthes lobata Roxb, Morpho-anatomy, HPTLC fingerprinting, Quercitin, Physicochemical, 

Standardization. 

 

INTRODUCTION 

Natural products are a source of synthetic and traditional 

herbal medicines. They are the primary health care system 

in some parts of the world1. However, a key obstacle, 

which has hindered the acceptance of the alternative 

medicines in the developed countries, is the lack of 

documentation and stringent quality control of herbal 

drugs. Thus, it becomes extremely important to make an 

effort towards standardization of the plant material to be 

used as medicine. The process of standardization can be 

achieved by morpho-anatomical, physicochemical and 

phytochemical studies of the plant material to ensure 

reproducible quality of herbal medicine which will 

contribute to its safety and efficacy2.  Trichosanthes lobata 

Roxb (Family-Cucurbitaceae) known as Patola (Sanskrit) 

and wild snake gourd (English), is largely found in 

Maharashtra, India. Traditionally, the plant used as bitter 

tonic, laxative, depurative, digestive, cardiotonic, 

anthelmentic, and in treatment of jaundice3. Documented 

reports suggest the presence of various phytoconstituents 

viz; cucurbita-5, 24-dienol, α, β carotene, lycopene, lutein, 

vitamin C and β-sitosterol in Trichosanthes lobata4.  In the 

present study, an attempt has been made for morpho-

anatomical as well as physicochemical and phytochemical 

standardization of this plant for contribution in the quality 

control of herbal drug and increase in the knowledge of 

plant and its family. 

 

MATERIALS AND METHODS 

Plant material and extraction 

The fresh and healthy plant material was collected in the 

month of August to September from the vicinity of Pune 

district, Maharashtra, and authenticated by Sr. taxonomist 

from Botanical Survey of India, Pune. The voucher 

specimen number is BSI/WC/Tech/2008/354-RRWTL-2. 

The herbarium was submitted at the department of  

 

 
Figure 1: leaf of Trichosanthes lobata plant. 

http://www.ijppr.com/


Patil et al. / Morpho-Anatomy, Physiochemical and… 

 
 
                                                           IJPPR, Volume 9, Issue 8:  August 2017             Page 1154 

 
Figure 2a: Transverse section of Trichosanthes lobata leaf. 

 

 
Figure 2b: Covering and Glandular trichomes. 

 

 
Figure 2c:  Anomocytic Stomata. 
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Pharmacognosy, K.L.E University’s College of Pharmacy, 

Belagavi. After authentication, the leaves of Trichosanthes 

lobata were dried under the shade until they were free from  

 moisture and subjected to morpho-anatomical and 

physicochemical studies. The powder material of 

Trichosanthes lobata extracted successively by petroleum 

ether, chloroform and alcohol solvent. Whereas, 

chloroform water IP 1996 was used for preparation of 

aqueous extract. The extracts were concentrated under 

reduced pressure (17 mm Hg, 45º C, 10 -20 min) 

depending on the solvents. The extracts were stored at cool 

place in dark until use. Each time before extraction with 

next solvents, the powder material was dried in hot air 

oven below 50 º C. 

Chemicals and instruments:  

 Staining reagents such as phloroglycinol, hydrochloric 

acid, 5 % Iodine, Sudan red and all other chemicals used 

in the study were of analytical grade. Instruments: 

microscope (Make- Zeiss Company with Axis Vision Ac 

Rel 4.5 Software), Microtome (Make: Thermo Electron 

Corporation and Model Shandon Finesse) and CAMAG 

HPTLC system scanner 3, Reprostar 3 and WIN CATS-4 

software.  

Organoletic evaluation 

The fresh leaves of Trichosanthes lobata were subjected to 

morphological studies composed of organoletic 

characteristics viz, color, odour, taste, shape, texture were 

examined as per standard WHO guidelines5. 

Microscopical evaluation  

For microscopical studies, the required plant sample was 

cut and removed from healthy plant and washed with 

water. After proper washing the killing and fixing of the 

specimen was carried out using solution of (90 ml 70 % 

ethanol + 5 ml of glacial acetic acid + 5 ml of 

formaldehyde) for one week. Further, dehydration of the 

tissues was done with the help of different grades of  

 tertiary butyl alcohol. Thereafter, the process of 

infiltration was followed by filling the cells with increasing 

order of paraffin. Furthermore, thin transverse sections 

was taken using microtome (Make: Thermo Electron 

Corporation and Model Shandon Finesse) and 

histochemical tests were carried out using staining 

reagents such as phloroglycinol + hydrochloric acid (1:1) 

for (lignified cells), 5 % Iodine for (starch grains), Sudan 

red for (stone cells). Photomicrographs of the 

microscopical sections were captured with the help of 

microscope (Make- Zeiss Company with Axis Vision Ac 

Rel 4.5 Software)6. 

Leaf constants and physicochemical investigation 

For establishing standardization parameters various leaf 

constants, palisade ratio, vein islet number, vein 

termination number and stomatal index evaluated. The 

shade dried leaves were subjected to size reduction to get 

fine powder (# 40 size mesh) and then evaluated for ash 

value, inorganic substance identification, extractive value 

and moisture content as per literature7. 

Qualitative and quantitative physicochemical 

investigation 

The preliminary qualitative phytochemical identification 

has been carried out by using phytochemical test8. 

Whereas, the alcoholic and aqueous extracts were 

subjected for estimation of total phenolic and total 

flavonoids content9,10. 

HPTLC fingerprinting 

HPTLC study was carried out on aqueous and alcoholic 

extract by the method of Harborne and Wagner et al11. 

Development of solvent system 

A number of solvent were tried individually as well in 

combination for separation and identification  of quercitin 

from the respective extracts but the satisfactory resolution 

was obtained in the solvent system Ethyl acetate: Formic 

acid: glacial acetic acid: Water (99:12:11:27 v/v/v). 

Sample application and development of chromatogram 

The aqueous and alcoholic extracts of Trichosanthes 

lobata, was dissolved in respective HPTLC grade ethanol 

and water which were used for sample application on 

precoated silica gel GF 254 aluminium sheets (Made-  

Table 1: Fluorescence analysis of powdered leaves of Trichosanthes lobate. 

Sr.no Treatment Observation under 

Ordinary light UV light 

254 nm 366 nm 

01 Powder as such Dark green Green Dark green 

02 Powder + nitrocellulose Dark green Light green Dark green 

03 Powder + 1N NaOH in methanol Light yellow Yellow Dark Yellow 

04 Powder + 1N NaOH in methanol + 

nitrocellulose in amyl acetate 

Florescent Light Florescent Dark Florescent 

05 Powder + 1N HCl Light brown Light brown Brown 

06 Powder + 1N HCl + nitrocellulose 

in amyl acetate 

Brown Light brown Dark brown 

07 Powder + 1N NaOH in water Yellow Light green Light green 

08 Powder + 1N NaOH in water, dried 

and mounted in  nitrocellulose in 

amyl acetate 

Yellowish brown Light yellowish 

brown 

Dark yellowish 

brown 

09 Powder +HNO3 (1:1) Brown Brown Brown 

10 Powder + H2SO4 (1:1) Light black Black Black 
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Merck). The samples (5 µL) were spotted in the form of 

bands of width 6 mm with a 100 µL sample using a 

Hamilton syringe on silica gel which was precoated on 

aluminium plate GF-254 plates (20 cm X 10 cm) with the 

help of Lineman 5 applicator attached to CAMAG HPTLC 

system, which was programmed through WIN CATS 

software. Prepared plates were developed in previously 

saturated twin trough chamber (20 cm X 10 cm) in the 

linear ascending direction.  

Detection of spots 

The developed plates were dried by hot air to evaporate 

solvents from the plate. The developed plates were sprayed 

with 5 % Ferric chloride as spray reagent and dried at 100 

ºC in hot air oven for 3 min. The plates were kept in photo-

documentation chamber (CAMAG REPROSTAR 3) and 

captured the images under UV light at 254 nm. The Rf 

values and finger print data were recorded by WIN CATS 

software. 

 

RESULTS 

Morphological evaluation   

Morphologically leaves are simple green in color, broader 

than long, orbicular-reniform or broadly ovate in shape, 

more or less deeply 3-lobed, distantly denticulate 

somewhat glabrous (Figure 1) and bitter in taste.   

Microscopical and Histochemical evaluation 

Study of midrib 

Epidermis layer showed presence thin cuticle on both 

surfaces shows presence of glandular and covering 

trichomes particularly on upper surface. Upper surface also 

shows the presence of number glands occupying part of 

palisade layer. A single layer of elongated palisade cells 

are present below upper epidermis. Mesophyll consists of 

spongy parenchyma with air spaces and brown pigment. 

The midrib region shows collenchymatous cells beneath 

both epidermal layers. The central region is occupied by 

arc shaped vascular bundles comprising of xylem vessels 

surrounded with phloem cells (Figure 2a). Leaf bears 

covering trichomes unicellular to 3-4 celled long and 

conical and glandular trichomes with unicellular to 

multicellular gland and unicellular to multicellular stalk 

(Figure 2b). Upper epidermal cells are about 60-80 micron 

long while stomata are about 22-25 micron in diameter. 

Epidermis layer showed presence of anomocytic stomata 

(Figure 2c). 

Powdered drug analysis 

The powder was dark green in colour, with characteristic 

odour, and bitter taste. After shaking the powder with 

water in test tube, no persistent foam was formed 

indicating absence of saponins. Powdered drug under 

ultra-violet and ordinary light when treated with different 

reagent emitted various colour radiations which help in 

identifying the drug in powder form. Behaviour of powder 

with different chemical reagents is summarized in (Table 

1).  

Quantitative microscopy and physicochemical evaluation 

In leaf constants, stomatal index and palisade ratio were 

found to be 15-20 and 7-8 respectively. Whereas vein islet 

and vein termination number were ascertained as 20-24 

and 50-55 respectively. The ash content of drug also 

showed presence of calcium, magnesium and sulphate 

while absence of sodium, potassium and phosphate types 

of inorganic compounds. The physicochemical parameters 

such as ash value, extractive value and moisture content 

were important to determine purity of the drug summarised 

in (Table 2). 

Qualitative and quantitative phytochemical investigation 

Successive soxhlet extractive values colour and 

consistency of extracts of leaves of Trichosanthes lobata 

was found to be: Pet ether (2.8% w/w, dark green, sticky 

mass); Chloroform (4.9% w/w, bottle green, sticky mass); 

alcohol (6.6 % w/w, dark green, sticky mass) and water 

(9.9 % w/w, light, semi-solid), respectively.  

Preliminary phytochemical analysis of alcoholic extract 

revealed presence of alkaloids, tannins, flavonoids 

whereas, aqueous extract showed presence of polyphenolic 

compounds, flavonoids, tannins and glycosides. The 

quantitative estimation of total phenolic content in alcohol 

and aqueous extract was found to be 211 ± 2.5 and 213 ± 

1.9 mg/g of extract and the quantitative estimation of total 

flavonoid content in alcohol and aqueous extract was 

found to be 38 ± 3.1and 64 ± 5.5 mg/g of extract.   

HPTLC analysis 

The HPTLC chromatogram at 214 nm showed presence of 

quercitin and exhibited blackish (visible) band in the Rf 

range of 0.47 to 0.52. According to the literature of 

flavonoids the Rf range are found to be 0.4 to 0.6. 

Therefore, the Chromatogram fingerprint suggests the 

presence of quercitin in aqueous and alcoholic extract of 

Trichosanthes lobata shown in Figure 3a-3c and 4. 

 

DISCUSSION 

The present study was undertaken with the aim of 

developing the stringent morpho-anatomical, 

physicochemical and phytochemical standards of 

Trichosanthes lobata. Some of the important diagnostic 

features of leaf are its bitter taste, presence of anomocytic 

stomata on lower epidermis, elongated palisade cells, 

spongy parenchyma with air spaces, glandular trichomes 

with unicellular to multicellular gland and stalk. 

Pharmacognostical parameters including HPTLC are 

helpful for the future identification and authentication of  

Table 2: Physicochemical evaluation of powder leaves 

of Trichosanthes lobate.  

Parameters  % w/w (Mean 
a± SEM) 

Ash Values Total ash 4.39 ± 0.31 

 Acid insoluble 

ash 

0.42 ± 0.02 

 Water soluble 

ash 

1.01 ± 0.02 

Extractive 

Values 

Alcohol  20.21 ± 0.22 

 Water  22. 19 ± 0.21 

Moisture content  8.1 ± 0.88 
aMean value of three readings. 
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this plant in the herbal industry. The stomatal index, 

palisade ratio, vein islet and vein termination number was  

determined in the quantitative microscopy and they can be 

used to differentiate closely related other Trichosanthes 

species. The estimation of moisture content of the drug is 

essential requirements in evaluation, as it supports 

bacteria, fungi or yeast growth. Also determination of ash 

value and acid-insoluble value has equal importance in the 

evaluation and identification of inorganic impurities in 

crude drugs12. Plant considered as the richest source for the 

biosynthesis of major secondary metabolites such as 

polyphenolic compounds that exhibits significant 

physiological effects. Presence of important plant 

secondary metabolites such as tannin, phenolic substances, 

steroids, glycosides in Trichosanthes lobata, could make 

the plant useful for treating different ailments of living 

organism because therapeutic efficiency of any plant is 

usually trace by their chemical compounds13. Thus 

preliminary screening test may be useful in the detection 

of bioactive principles. HPTLC results indicate the 

presence of constituents and further facilitate their 

quantitative estimation and qualitative separation of 

pharmacologically active chemical compound14. The leaf 

has shown presence of remarkable amount of polyphenolic 

present in alcoholic and aqueous extracts. An important  

 
Figure 3a: HPTLC chromatogram of alcoholic extract of Trichosanthes lobate. 

 

 
Figure 3b: HPTLC chromatogram of standard quercitin. 

 

 
Figure 3c: HPTLC chromatogram of aqueous extract of Trichosanthes lobate. 
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observation from Phytochemistry point of view is presence 

of quercitin in the leaf quantified by using HPTLC.  

Since the plant, Trichosanthes lobata is useful in 

traditional medicine for the treatment of various ailments; 

it is need of time to standardize the plant for development 

of quality control parameters. The pharmacognostic 

constants of this plant and diagnostic microscopic features  

reported in this work could be useful for the compilation 

of a suitable monograph and proper identification as well 

as distinguishing between closely related species. 
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a b s t r a c t

Background: ‘Vrikshayurveda’, an ancient science of plant life described by Surapala, has clearly outlined a
systematized agricultural practice that insisted on the use of Kunapa jala (KJ) and Pancha gavya (PG) to
enhance the yield and quality of plants.
Objective: An experiment was conducted to evaluate the effect of KJ and PG on growth, physiological,
biochemical, quality attributes and yield of Withania somnifera Dun.
Materials and methods: The effect of KJ and PG was evaluated in comparison with control, organic
(farmyard manure and humic acid) and inorganic (NPK) fertilizer at 60, 90, 120 and 150 days after sowing
(DAS). The study was conducted in randomized complete block design method.
Results: KJ group were higher in, total leaf area (1707.89 cm2) at 120 DAS, leaf area index (3.795) at 120
DAS, crop growth rate (0.256 g m�2 day�1) at 60e90 DAS, leaf area duration (101.909) at 120e150 DAS,
relative growth rate (0.0170 g g�1 day�1) at 60e90 DAS, net assimilation rate (0.0537 g m�2 day�1) at 60
e90 DAS. Leaf area ratio was higher in PG group (37.937 m2 g�1) at 60 DAS. The higher levels of chlo-
rophyll a, b and carotenoids were in KJ group (1.877, 0.745 and 1318.14 mg g�1 respectively) at 90 DAS.
Yield and quality attributes at harvest (150 DAS) indicated, higher dry root yield (5.93 quintal hectare�1),
root length (15.66 cm) were higher in KJ group and root diameter was higher in PG group (1.36 cm).
Conclusion: Vrikshayurveda practices viz. Kunapa jala and Pancha gavya were effective on studied pa-
rameters of W. somnifera. Economical and eco-friendly Vrikhayurveda practices can be initiated for
sustainable agriculture.
© 2017 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/).

1. Introduction

India has 15 agro climatic zones and 17,000e18,000 species of
flowering plants of which 6000e7000 species are estimated to
have medicinal usage in folk and other systems of medicine like,
Ayurveda, Siddha, Unani and Homoeopathy [1]. Amongst them one
of the important medicinal plants is Withania somnifera Dun.
(Solanaceae), also known as ‘Ashwagandha’, and has been listed in

32 prioritized medicinal plants of India [2]. The estimated pro-
duction ofW. somnifera roots in India is more than 1500 tonnes and
the annual requirement is about 7000 tonnes necessitating the
increase in its cultivation and higher production [3]. In India, the
popular approach to achieve the increased yield and production is
by application of inorganic fertilizers. Knowing the demerits of
using these chemicals, there is a thrust for alternatives for better
yield and quality, which are eco-friendly too. Such practices for
cultivation are available in the literature of ancient India, the major
one being Vrikshayurveda. ‘Vrikshayurveda’, an ancient science of
plant life deals with healthy growth of plants and their productivity.
It is an age old agro practice which is of great relevance even today
in agriculture and horticulture sectors. It deals with pest and
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disease management of plants and also encompasses storage of
seeds, sowing, germination, plant propagation, manuring etc.
[4e6].

Though, the chemical fertilizers can enhance the yield, however
it will be at the cost of the soil fertility. Meantime, the alternatives
such as age old Vrikshayurveda practices which are organic in na-
ture should be evaluated on medicinal plants for their acceptance
and wider utility. To the best of our knowledge, there are no reports
available as on date of evaluation of such practices especially on
medicinal plants of high demand like W. somnifera. Hence, the
present work was designed to evaluate the effect of two of the
Vrikshayurveda treatments viz. Kunapa jala (KJ) and Pancha gavya
(PG) in comparison with control, organic and inorganic fertilizer
treatments on growth, physiological, biochemical, yield and quality
attributes of W. somnifera harvested at different stages.

2. Materials and methods

2.1. Land preparation, sowing and treatments

The treatment groups comprised of control, Kunapa jala (KJ),
Pancha gavya (PG), farmyard manure (FYM), inorganic fertilizer
(NPK) and humic acid (HA). Mature seeds of Ashwagandha (vari-
ety: Jawahar Ashwagandha 20) were procured from KRC College of
Horticulture, Arabhavi, India. The plant specimen has been
authenticated and voucher specimen was deposited at Regional
Medical Research Centre (ICMR), Belagavi, India for future refer-
ence (Voucher specimen no. RMRC-1100). Other raw materials
required for preparation of KJ, PG, FYM, branded HA and NPK were
obtained from local market and manufacturers.

A field experiment was conducted at Horticulture Research
Station, Kanabargi, India. The soil was sandy loam with pH 7.31,
Electrical Conductivity (EC) 0.098 ds m�1 and Organic Carbon (OC)
0.79%. The available N, P and K were 220, 18.86 and 280 kg ha�1

respectively. The net plot sizes were 2.0 m � 2.0 m. The seeds were
sown in field at depth of 1 cm. Light irrigation was provided
immediately after sowing. The crop was thinned at 30 days after
sowing (DAS) to retain one seedling per hill with spacing of
30 � 15 cm. Full dose of KJ, PG, FYM and HA and inorganic fertilizer
viz. phosphorus (P) in the form of Diammonium phosphate (DAP),
potassium (K) in the form of Muriate of Potash (MOP) and 50%
nitrogen (N) in the form of urea were applied to soil a week before
sowing, remaining half dose of N and full dose of KJ, PG, FYM and
HA were top dressed at 45 DAS to respective groups (Based on the
results of pilot studies, only 10% of KJ and PGwere used for full dose
application).

2.2. Preparation of Kunapa jala and Pancha gavya

Vrikshayurveda texts explains various methods for preparation
of KJ based on ingredients involved. In the present study, KJ was
prepared as per Sharangadhara [7] and Sadhale [4], with minor
modifications. The ingredients, 1.5 kg each of sheep/goat meat,
chicken meat and 1 kg of Indian mackerel fish (Rastrelliger kana-
gurta) were boiled in 16 L of water till properly cooked and trans-
ferred to an earthen pot. Each 500 g powders of black gram (Vigna
mungo L.) and sesame (Sesamum indicum L.) were added along with
locally available Indian breed cow's milk (1 L), ghee (250 g) and
honey (500 g). The pot was closed with lid and kept in warm place
(the room temperature was maintained at 35 �C) for 30 days with
stirring clockwise and anticlockwise direction manually at regular
intervals for an hour. The content of the pot was filtered on 31st day
and the resultant filtrate is KJ.

The PG was prepared referring to Sarkar et al. [8] and John De
et al. [9]. All the ingredients were collected from native Indian

breed cow. Twenty kg of dung, 10 L of urine and 10 L of tap water
were added in an earthen pot and kept for 15 days with stirring
every day manually for an hour in clockwise and anticlockwise
direction. On 16th day 5 kg of gheewas added, thoroughlymixed by
stirring every day and kept for 5more days. On 21st day,10 L each of
milk and curd were added and stirred every day till 30th day. On
31st day the content of the pot was filtered.

2.3. Growth and physiological attributes

Plants were harvested at different growth stages (60, 90, 120
and 150 DAS). Height of the plant (cm), number of leaves and
number of branches per plant were measured. The fresh leaves
were detached and total leaf area (cm2) was measured using Leaf
area meter (Biovis). Plants were dried at ambient temperature to
constant weight. Physiological characteristics viz. leaf area index
(LAI), leaf area ratio (LAR), specific leaf area (SLA), specific leaf
weight (SLW), crop growth rate (CGR), leaf area duration (LAD),
relative growth rate (RGR) and net assimilation rate (NAR) were
studied referring to methods explained by Azarpour et al. [10] and
Prakash et al. [11].

2.4. Biochemical attributes

Leaf pigments viz. chlorophyll a, b and the carotenoids (xan-
thophylls and carotenes) were estimated at different growth stages
as mentioned by Lichenthaler et al. [12] using Thermo Scientific
multiskan Go 1510 spectrophotometer. The results were expressed
in terms of mg g�1 fresh weight.

2.5. Yield and quality attributes

Yield was calculated as dry weight of the plant (g) and dry
weight of the root (g). Quality of the yield was calculated on the
basis of root length (cm) and root diameter (cm).

2.6. Statistical analysis

Various observations collected during study were subjected to
statistical analysis using Fisher's method of analysis of variance
(ANOVA) [13]. Significance of mean (n ¼ 4) treatment squares and
replication mean squares were compared by error mean squares
referring to F table value at 5% probability.

3. Results and discussions

Results of growth attributes (Table 1.) indicated, height of the
plant was maximum in KJ group (44.54 cm) at 150 DAS, number of
leaves were found to be highest in NPK group (94.25) at 120 DAS,
number of branches were found to be highest in KJ (8) and NPK (8)
groups at 120 DAS and total leaf area was found to be highest in KJ
group (1707.89 cm2) at 120 DAS, which was on par with PG group
(1682.07 cm2). As the leaf area is an indicator of photosynthetic
efficiency of the plants and plants grown under favourable condi-
tions will tend to have good vegetative growth, increased number
of branches, number of leaves and leaf area which was observed in
KJ and PG treated groups, this observation is in lines with report of
Al-Doghachi et al. [14].

Tables 2 and 3 show the effect of treatments at different stages
of W. somnifera on physiological attributes. The LAI increased with
advancement of crop age up to 120 DAS and thereafter declination
was observed due to senescence and shedding of leaves, the results
are in accordance with Nadukeri [15] in Coleus. In the present
study, highest LAI was observed in KJ treated group (3.795) which
was on par with PG group (3.738) at 120 DAS. A study conducted by

G.M. Ankad et al. / Journal of Ayurveda and Integrative Medicine 8 (2017) 247e251248



Vaidya et al. [16] on W. somnifera revealed highest LAI as 2.42,
whereas in the present study better results were observed at given
conditions. A field experiment conducted by Kubsad et al. [17] on
Ashwagandha observed highest LAI as 3.918 when fertilizer was
applied at the level of 24 kg N/ha and 48 kg P/ha, which are closer to
the results of KJ treated group from our study. It was observed from
all treatment groups, the value of LAR was highest at early growth
stages and later it was reduced, similar observations were made by
Azarpour et al. [10] and Parmar et al. [18].

At 90 DAS highest LAR was recorded in the control group
(31.721 m2 g�1) whereas KJ group shown lowest (28.265 m2 g�1).
SLA indicates the ratio of photosynthetic tissues surface to the
weight of photosynthetic tissues. Higher SLA is indicative of more
leaf area and lesser dry weight, hence the reduction of SLA in-
creases photosynthetic efficiency of leaves. Though, amongst 4
growth stages 60 DAS shown lowest SLA in all treatment groups
may be because of lowest leaf area and dry weight. However in

subsequent stages 90 DAS shown highest SLA followed by 150 and
120 DAS. Amongst the treatment groups at 90 DAS, lowest SLA was
recorded in HA (0.0718 cm2 g�1). Parmar et al. [18] explains high
rate of photosynthesis requires a large amount of enzymes and light
harvesting complexes per unit leaf area and possibly an extra layer
of palisade parenchyma, all of which decrease SLA and thus LAR.
Often SLW is related to photosynthetic efficiency of the crop plants,
higher values indicate increased photosynthetic efficiency. HA
group shows 139.637 mg cm�2 SLW, indicating respective photo-
synthetic activity.

The CGR is the rate of dry matter accumulation per unit ground
per unit time and it is increased with the advancement of crop age.
The highest CGR was recorded in HA group (0.280 g m2 day�1) at
90e120 DAS (Table 3.). However highest CGR was obtained at
60e90 DAS in KJ group (0.256 g m2 day�1), which was on par with
PG group (0.243 g m2 day�1). The increase in the CGR at 90e120
DAS might be due to the maximum plant height, number of

Table 1
Growth attributes.

Treatment
n ¼ 4

Height of the plant (cm) No. of leaves per plant No. of branches per plant Total leaf area (cm2)

60 90 120 150 60 90 120 150 60 90 120 150 60 90 120 150

Contr 15.75 31.50 41.40 42.15 21.25 55.00 85.00 65.25 1.25 5.00 7.00 6.25 450.66 1112.94 1580.57 1188.06
KJ 16.75 38.00 43.79 44.54 21.50 64.75 91.75 67.75 1.25 6.00 8.00 7.25 516.51 1254.24 1707.89 1349.36
PG 17.13 35.50 44.10 43.21 21.75 66.50 92.50 67.75 1.50 6.50 7.75 7.00 506.96 1215.63 1682.07 1305.75
FYM 15.50 32.25 42.10 42.06 18.25 55.25 93.50 70.25 1.00 5.50 7.25 6.50 464.18 1138.96 1593.84 1217.08
NPK 17.25 34.00 43.56 43.61 22.00 65.50 94.25 69.00 1.50 6.75 8.00 7.25 494.90 1189.22 1664.17 1279.34
HA 15.75 31.25 42.04 42.03 20.25 65.25 91.50 66.75 1.25 6.25 7.25 6.50 477.69 1067.80 1615.14 1152.87
SEm ± 0.59 1.83 1.19 1.15 1.47 3.98 2.52 2.77 0.22 0.73 0.61 0.61 15.62 23.52 8.79 23.52
CD at 5% 1.78 5.51 3.59 3.46 4.43 12.01 7.60 8.36 0.65 2.20 1.84 1.84 47.07 70.91 26.48 70.91
CV% 7.20 10.84 5.56 5.35 14.09 12.84 5.52 8.18 33.40 24.28 16.22 18.02 6.44 4.05 1.07 3.77

60; 90; 120; 150: days after sowing; Contr: Control; KJ: Kunapa jala; PG: Pancha gavya; Fym: Farmyardmanure; FYM: Inorganic fertilizer; HA: Humic acid; SEm: Standard error
of mean; CD: Critical difference; CV: Coefficient of variation.

Table 2
Physiological attributes with respect to LAI, LAR, SLA and SLW.

Treatment
n ¼ 4

LAI LAR (cm2 g�1) SLA (cm2 g�1) SLW (mg cm�2)

60 90 120 150 60 90 120 150 60 90 120 150 60 90 120 150

Contr 1.001 2.473 3.512 2.640 35.226 31.721 23.395 24.193 0.0614 0.0856 0.0709 0.0768 162.843 117.705 141.177 130.658
KJ 1.148 2.787 3.795 2.999 37.587 28.265 22.042 22.810 0.0690 0.0777 0.0717 0.0748 145.455 130.159 139.516 135.289
PG 1.127 2.701 3.738 2.902 37.937 28.704 22.608 23.748 0.0687 0.0756 0.0729 0.0789 146.687 134.249 137.453 128.304
FYM 1.032 2.531 3.542 2.705 35.316 29.463 22.597 23.336 0.0622 0.0780 0.0712 0.0758 161.141 129.244 140.735 133.267
NPK 1.100 2.643 3.698 2.843 35.916 28.892 22.744 23.139 0.0641 0.0786 0.0724 0.0771 157.148 128.004 138.416 131.072
HA 1.062 2.373 3.589 2.562 36.184 27.749 22.398 21.657 0.0645 0.0718 0.0710 0.0718 155.051 139.637 141.052 139.603
SEm ± 0.035 0.052 0.020 0.052 1.460 0.759 0.208 0.444 0.0023 0.0021 0.0009 0.0017 4.886 3.623 1.851 3.008
CD at 5% 0.105 0.158 0.059 0.158 4.402 2.287 0.627 1.339 0.0070 0.0062 0.0028 0.0052 14.727 10.920 5.579 9.066
CV% 6.438 4.045 1.071 3.768 8.033 5.209 1.838 3.837 7.1574 5.3232 2.6047 4.5333 6.316 5.581 2.649 4.522

60; 90; 120; 150: days after sowing; Contr: Control; KJ: Kunapa jala; PG: Pancha gavya; Fym: Farmyardmanure; FYM: Inorganic fertilizer; HA: Humic acid; LAI: Leaf area index;
LAR: Leaf area ratio; SLA: Specific leaf area; SLW: Specific leaf weight; SEm: Standard error of mean; CD: Critical difference; CV: Coefficient of variation.

Table 3
Physiological attributes with respect to CGR, LAD, RGR and NAR.

Treatment
n ¼ 4

CGR (g m�2 day�1) LAD RGR (g g�1 day�1) NAR (g m�2 day�1)

60e90 90e120 120e150 60e90 90e120 120e150 60e90 90e120 120e150 60e90 90e120 120e150

Contr 0.185 0.271 �0.154 52.120 89.784 92.288 0.0146 0.0095 �0.0046 0.0440 0.0354 �0.0194
KJ 0.256 0.276 �0.152 59.025 98.738 101.909 0.0170 0.0081 �0.0039 0.0537 0.0327 �0.0174
PG 0.243 0.266 �0.161 57.420 96.590 99.594 0.0167 0.0081 �0.0044 0.0525 0.0323 �0.0189
FYM 0.212 0.266 �0.153 53.438 91.093 93.697 0.0156 0.0087 �0.0044 0.0493 0.0343 �0.0190
NPK 0.228 0.266 �0.148 56.137 95.113 98.117 0.0158 0.0083 �0.0040 0.0504 0.0329 �0.0176
HA 0.211 0.280 �0.157 51.517 89.432 92.267 0.0155 0.0091 �0.0044 0.0501 0.0367 �0.0199
SEm ± 0.005 0.007 �0.924 0.959 0.990 0.990 0.0003 0.0003 0.0001 0.0018 0.0010 0.0006
CD at 5% 0.016 0.022 0.013 2.889 2.985 2.985 0.0010 0.0009 0.0004 0.0055 0.0031 0.0019
CV% 4.893 5.457 �5.706 3.489 2.120 2.057 4.37 6.56 �5.6520 7.26 6.1323 �6.7610

60e90; 90e120; 120e150: days after sowing; Contr: Control; KJ: Kunapa jala; PG: Pancha gavya; Fym: Farmyardmanure; FYM: Inorganic fertilizer; HA: Humic acid; CGR: Crop
growth rate, LAD: Leaf area duration, RGR: Relative growth rate, NAR: Net assimilation rate; SEm: Standard error of mean; CD: Critical difference; CV: Coefficient of variation.
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branches and leaves per plant resulting in maximum dry matter
accumulation in plants, this is in accordancewith Venkatesha et al.
[19]. It is also observed that negative values of CGR at 120e150
DAS suggesting defoliation or senescence, this is in compliance
with Pirzad et al. [20] and Azarpour et al. [10]. The LAD signifies
the duration of the functional activity of the leaves, it denotes the
ability of the plant with reference to the photosynthetic duration.
The results indicate (Table 3.), highest LAD was achieved in KJ
treated group (101.909) at 120e150 DAS, which was on par with
PG group (99.594). The influence of treatments on the LAD was
similar to LAI because it was derived from the LAI data, which is
justified by Irshad et al. [21]. The RGR denotes the rate of increase
in dry matter per unit dry matter present. The RGR decreased with
advancement of crop growth. The results show (Table 3), higher
RGR was recorded at 60e90 DAS, which indicates grand growth
period. In this period highest RGR was recorded in KJ treated
group (0.0170 g g day�1), which was on par with PG group
(0.0167 g g day�1). These results are in accordance with Pirzad
et al. in Pimpenella anisum [20] and Nadukeri et al. in coleus [15].
The highest NAR was recorded at 60e90 DAS and it decreased
thereafter till harvest due to lower LAI. The NAR is essentially an
estimation of canopy photosynthesis achieved per unit leaf area
which can measure photosynthetic efficiency. The results indicate
(Table 3), that the highest NAR was recorded in KJ group (0.0537
g m2 day�1) which was on par with PG (0.0525 g m2 day�1), NPK
(0.0504 g m2 day�1), HA (0.0501 g m2 day�1) and FYM (0.0493 g
m2 day�1) at 60e90 DAS. Maximum NAR in all the treatments was
observed at the beginning stage (60e90 DAS) and when dry
matter accumulation reached to its maximum, NAR declined to
zero and thereafter to negative values. Similar changes in NAR
curve were reported by Singh et al. [22] and Yang et al. [23]. As
stated by Azarpour et al. [10] and also evident from our study, the
reason of declination of CGR, RGR and NAR curves pattern to
negative levels may be due to acceleration in leaf production and
early closure of canopy. This condition enables absorption of less
solar radiation by the leaves resulting into declination of values.

As the chlorophylls and carotenoids absorb light energy and
transfer it into the photosynthetic apparatus of leaves, determina-
tion of leaf pigments will provide a valuable tool to integrate and
understand the physiological and biochemical function of leaves
[24]. Results of biochemical estimation (Tables 4e6) suggest that
chlorophyll a, b and carotenoids contents were found to be highest
in KJ treated group (1.877, 0.745 and 1318.14mg g�1 respectively) at
90 DAS. Kannan et al. [25] and Lichenthaler et al. [12] reported,
lower level of leaf pigments due to stressed conditions; similar
observations were made in the present study treatment groups
with lower level of leaf pigments. Sarkar et al. [8] reported, chilli,
tomato and cow pea plants showed higher chlorophyll contents in

PG and KJ combination treatment group which is supportive to the
present study.

Results of yield and quality parameters at harvest (Table 7.)
indicated that the highest dry root yield was recorded in KJ group
(118.63 g plot�1 or 5.93 quintal hectare�1), which was on par with
PG, NPK and HA groups. Wankhade et al. [26] observed 5.47 quintal
hectare�1 root yield at maturity stage. Vajantha et al. [27] observed,
the dry root yield was significantly influenced by different treat-
ments of Panchakavya on Ashwagandha, which is in compliance
with present study results of Vrikshayurveda treatment groups. The
quality of yield was assessed on the basis of root length and
diameter. Root length was found to be highest in KJ group
(15.66 cm) which was on par with PG, FYM and HA and root
diameter was found to be highest in PG group (1.36 cm) which was
on par with NPK, KJ and HA. According to Hasanuzzaman et al. [28]

Table 4
Estimation of Chlorophyll A (mg g�1).

Treatment
n ¼ 4

60 90 120 150

Contr 0.909 1.078 0.996 0.650
KJ 1.338 1.877 1.617 1.096
PG 1.023 1.379 1.226 0.870
FYM 0.853 1.118 0.998 0.733
NPK 1.194 1.420 1.150 0.926
HA 1.221 1.328 1.160 0.878
SEm ± 0.073 0.091 0.063 0.049
CD 5% 0.221 0.275 0.190 0.148
CV% 13.462 13.348 10.562 11.416

60; 90; 120; 150: days after sowing; Contr: Control; KJ: Kunapa jala; PG: Pancha
gavya; Fym: Farmyard manure; FYM: Inorganic fertilizer; HA: Humic acid; SEm:
Standard error of mean; CD: Critical difference; CV: Coefficient of variation.

Table 5
Estimation of Chlorophyll B (mg g�1).

Treatment
n ¼ 4

60 90 120 150

Contr 0.292 0.376 0.385 0.035
KJ 0.498 0.745 0.517 0.223
PG 0.442 0.571 0.478 0.242
FYM 0.412 0.457 0.419 0.237
NPK 0.417 0.534 0.571 0.172
HA 0.377 0.535 0.534 0.154
SEm ± 0.009 0.029 0.030 0.015
CD 5% 0.027 0.089 0.090 0.044
CV% 4.368 10.970 12.289 16.553

60; 90; 120; 150: days after sowing; Contr: Control; KJ: Kunapa jala; PG: Pancha
gavya; Fym: Farmyard manure; FYM: Inorganic fertilizer; HA: Humic acid; SEm:
Standard error of mean; CD: Critical difference; CV: Coefficient of variation.

Table 6
Estimation of Carotenoids (mg g�1).

Treatment
n ¼ 4

60 90 120 150

Contr 779.11 900.57 815.72 451.58
KJ 1112.24 1318.14 1113.25 979.03
PG 907.53 1052.01 994.55 931.10
FYM 780.51 936.02 832.80 645.42
NPK 976.66 1075.52 1038.95 836.45
HA 935.54 1066.52 981.51 869.73
SEm ± 47.29 44.77 48.61 58.85
CD 5% 142.54 134.95 146.51 177.40
CV% 10.33 8.46 10.10 14.98

60; 90; 120; 150: days after sowing; Contr: Control; KJ: Kunapa jala; PG: Pancha
gavya; Fym: Farmyard manure; FYM: Inorganic fertilizer; HA: Humic acid; SEm:
Standard error of mean; CD: Critical difference; CV: Coefficient of variation.

Table 7
Quality and Yield attributes at harvest (150 DAS).

Treatment
n ¼ 4

Dry root yield Root
length
(cm)

Root
diameter
(cm)

g plot�1 q hect�1

Contr 92.40 4.62 13.98 1.17
KJ 118.63 5.93 15.66 1.26
PG 116.41 5.82 15.56 1.36
FYM 95.44 4.77 14.98 1.20
NPK 108.65 5.43 14.31 1.28
HA 107.88 5.39 14.85 1.19
SEm ± 4.13 0.21 0.53 0.05
CD at 5% 12.44 0.62 1.59 0.16
CV% 7.74 7.74 7.10 8.57

Contr: Control; KJ: Kunapa jala; PG: Pancha gavya; Fym: Farmyard manure; NPK:
Inorganic fertilizer; HA: Humic acid; g: gram; q: quintal; hect: hectare; SEm:
Standard error of mean; CD: Critical difference; CV: Coefficient of variation.
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an increased trend of plant weight was observed with the increase
of cowdung amount due to the beneficial effect of organicmatter in
soil properties and plant growth. Similar trends were observed in KJ
and PG groups.

4. Conclusion

Vrikshayurveda treatments were effective in terms of growth,
physiological, biochemical, yield and quality attributes. Further
studies are needed to evaluate the effect of Vrikshayurveda treat-
ments on quality and quantity of biomedically important phyto-
compounds. Consequently, to reduce the pressure on agriculture for
higher production, the economical and ecofriendly Vrikhayurveda
practices can be initiated for sustainable agriculture and can be
considered as an alternative to conventional agricultural practices.
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Original Article

INTRODUCTION
Diabetes, fourth leading causes of death worldwide is a cluster of  
hyperinsulinemia, dyslipidemia, glucose intolerance, obesity and hyper-
tension.1 Insulin resistance, a prediabetic state of resistance towards the 
effects of insulin on its target tissues mainly in muscle, liver, and adipose  
tissue, is a central pathogenic feature of diabetes.2 Currently, PPARγ  
agonists are used as insulin sensitizers in the treatment of diabe-
tes.3 Though, there are various techniques to manage diabetes and its  
complications, but still herbal formulations are the priority due to low 
treatment cost and lesser side effects. Around 80% of the world’s popu-
lation depends on traditional medicines derived from plants. Among 
the 21,000 medicinal plants used, 800 of them have been reported to  
be used in the treatment of diabetes worldwide.4 Phytochemicals  
reported to have antidiabetic effect from these medicinal plants include 
alkaloids, triterpenoids, steroids, flavonoids, phenolics, iridoids, guani-
dines etc., and these phytochemicals may also have potential beneficial 
effects on insulin resistance which may be investigated. Given that in-
sulin resistance increases the risk of type 2 diabetes and cardiovascular 
diseases, modulatory effect on insulin resistance may be the important 
mechanism through which these phytoconstituents can offer protection. 
Hence identification of potentially effective class of phytochemicals for 
insulin resistance state represents an attractive and potentially effective 
approach to the problem.

Moringa oleifera Lam., (MO) syn., Moringa ptreygosperma Gaertn., 
(Family-Moringaceae) commonly known as horseradish tree or drumstick  
tree.5 All parts of this plant are being employed for the treatment of  
various ailments in the indigenous system of medicine. Traditionally the  
bark is used as cardiac and circulatory stimulant.6 Experimental studies  
revealed, that the bark possess hypoglycaemic, antioxidant, cardiopro-
tective effect and in our previous study we have reported the insulin 
sensitizing effect of the alcoholic extract of the bark.7 Various class of  
phytochemicals are reported in the bark which includes alkaloids (mor-
ingine and moringinine),8 glycosides (glucosinolate namely 4-(alpha-l-
rhamnopyranosyloxy)-benzylglucosinolate),9 tannins, triterpenoids,10 
and polyphenols (procyanidins).11 In order to explore the possibility of 
insulin sensitization by any of the reported class of phytochemical(s)  
present in the alcoholic extract of the bark,7 the present study was  
designed to test the various fractions of alcoholic extract in dexametha-
sone-induced chronic and acute rat model for insulin resistance.

MATERIALS AND METHODS 
Chemicals 
Dexamethasone (Dexona) injection was purchased from Zydus Cadila, 
Ahmedabad, India. Pioglitazone maleate was obtained as a gift sample 
from Torrent Pharmaceutical Ltd, Ahmedabad, India. Plasma biochemical  
estimation kits like glucose, triglyceride and total cholesterol were purchased  
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Objective: Alcoholic extract of the bark of Moringa oleifera Lam. (MO), 
(Moringaceae), has been experimentally evaluated previously for its insulin 
sensitizing potentials. In the quest to explore the possibility of the class 
of phytochemical(s) responsible for this experimental claim, the alcoholic  
extract was fractionated and evaluated for insulin sensitizing effect in 
rat model for insulin resistance. Methods: Alcoholic extract of MO was 
fractionated into, non-polar [petroleum ether (PEF)], moderately non-polar 
[ethyl acetate (EAF)] and polar [aqueous (AQF)] fractions. The fractions 
obtained were investigated for their insulin sensitizing properties in dexa-
methasone induced insulin resistance in rats. The bioactive fraction was 
analysed by spectroscopy for further characterization of phytochemical(s) 
present. Results: Acute treatment for 4 h with dexamethasone (1 mg/kg  
i.p.) in rats led to the development of impaired oral glucose tolerance.  
Treatment with pioglitazone and EAF abolished dexamethasone induced 
oral glucose intolerance (OGT). Dexamethasone (1 mg/kg s.c., once daily  
for 11 d) administration led to the development of insulin resistance,  
characterised by fasting hyperglycemia, hyperinsulinemia, hypertriglyceri-
demia, impaired OGT and increased HOMA IR index. Treatments with EAF  
(140 mg/kg p.o.) and pioglitazone [PIO (10 mg/kg p.o.)] significantly  
prevented dexamethasone induced metabolic changes. Similarly, treatment  
with AQF (95 mg/kg p.o.) also significantly prevented metabolic changes 

due to dexamethasone except impaired OGT. In contrast PEF (15 mg/kg p.o.)  
failed to prevent these metabolic changes except hypertriglyceridemia. 
Conclusion: The present study reveals that triterpenoid and the polyphenols  
(procyanidin) class of phytochemicals detected in EAF of alcoholic extract  
of MO bark may be responsible for the prevention of dexamethasone- 
induced insulin resistance in rats.
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Key message: This is the first report which confirms and speculates the 
presence of polyphenols and triterpenoids respectively in EAF of MO 
which may be responsible for preventing the development of insulin  
resistance in rat model.
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form Erba Transasia Bio-Medicals Ltd, Baddi, Himachal Pradesh, India. 
Plasma insulin estimation kit was purchased form MP Biomedicals, LLC, 
Eschwege, Germany, (kit code no. CT Insulin, lot no. INK 1223) Instru-
ment used was Gamma counter, ECIL. 

Plant material
The fresh bark of MO was collected in the month of November &  
December, from the local areas of Hubli–Dharward, Karnataka, India. 
The bark was authenticated by botanist Dr.Ganesh R. Hegde, Professor, 
P.G. Department of Botany, Karnatak University, Dharward, Karnataka, 
India and a voucher specimen bearing no. DOUN09017 is maintained 
in the herbarium of department of pharmacognosy of KLES College of 
pharmacy, Hubli, Karnataka, India.

Preparation of extract and fractions 
The collected fresh bark of MO was dried and powdered coarsely.  
The bark coarse powder of 250 g was macerated at room temperature  
with 3 × 1 L ethanol 80 %v/v. Following filtration, the combined  
alcoholic extract was concentrated in-vacuo below 40 °C and finally 
dried in desiccator.
The crude alcoholic extract was fractionated into non-polar [petroleum 
ether (PEF)], moderately non-polar [ethyl acetate (EAF)] and polar 
[aqueous (AQF)] fractions by reconstituting 10 g in 1000 ml water and 
the solution was fractionated successively in a separating funnel with  
petroleum ether (60-80) (3 × 500 ml) and ethyl acetate (3 × 500 ml)  
followed by evaporation of organic solvent layers. Finally, the remaining 
aqueous layer was evaporated to dryness under reduced pressure. 

Preliminary phytochemical investigation12

The fractions obtained were tested by qualitative chemical tests for the 
presence of phytoconstituents. 

HPTLC Analysis
HPTLC analysis of the fractions were performed using precoated  
(silica gel 60 F254; 0.25 mm thickness; size 20 x 20 cm; Merk, Darmstadt,  
Germany) TLC plates. Samples were prepared in methanol (10mg/ml) and  
were applied on the TLC plate by a Desaga auto sampler (AS 30 Desaga, 
Sarstedt Gruppe, Germany). The plates were developed in a CAMAG 
twin trough developing chamber (CAMAG, Muttenz, Switzerland) using 
chloroform and methanol (85:15) as mobile phase followed by air-drying 
and spraying with  5 % ethanolic phosphomolybdic acid,10 10 % ferric 
chloride and Liebermann-Burchard as detecting reagents on different 
plates respectively, which were developed similarly followed by heating 
the plates at 115 oC for 5 min. The Rf values were determined by scanning 
the plates with densitometer (CD 60 Desaga, Sarstedt Gruppe, Germany)  
at 254nm, 366nm (before derivatization) and at 580 nm (after derivatiza-
tion) using ProQuant 1.06 version software. 

Animal Experiment 
Male Wistar rats initially weighing 180 – 200 g were procured from the 
animal house of KLES College of pharmacy, Hubli, Karnataka, India. 
The rats were housed for 1 wk for acclimatization at controlled room 
temperature (22 ± 2 °C), natural 12h light: 12h dark cycle, free access 
to standard laboratory chow and water. After 1 wk of acclimatization, 
rats were randomly selected for different experimental groups. All the  
experimental procedures were carried out in accordance with committee  
for the purpose of control and supervision of experiments on animal 
(CPCSEA) guidelines. All the experimental protocols were reviewed and 
approved by Institutional Animal Ethical committee of KLES College of 
Pharmacy, Hubli, Karnataka, India.

Dose preparation of dexamethasone and fractions of 
MO
Dexamethasone (dexa) stock solution was prepared freshly in normal  
saline.13,14 All the fractions of alcoholic extract of MO bark and pio-
glitazone were separately suspended in vehicle (1 % w/v Tween 80) to  
obtain the desired concentration and were administered orally.

Experimental design
Acute study
Twelve hours fasted rats were randomly divided into the six groups of six 
animals (n=6) each and received the following treatment, Group I (Con-
trol): received gavage of vehicle 1 ml/rat and normal saline 0.1ml/rat i.p., 
Group II (Dexa): received gavage of vehicle 1 ml/rat and treated with 
dexa1mg/kg i.p.,13 Group III (PEF+Dexa): received gavage of PEF 15 
mg/kg and dexa 1 mg/kg i.p., Group IV (EAF+Dexa): received gavage of 
EAF 140 mg/kg and dexa 1 mg/kg i.p., Group V (AQF+Dexa): received 
gavage of AQF 95 mg/kg and dexa 1 mg/kg i.p, Group VI (PIO+Dexa): 
received gavage of PIO 10 mg/kg and dexa 1 mg/kg i.p.15

Dexamethasone was administered 30 min after oral gavage of vehicle, 
fraction or PIO. After 4h of dexamethasone administration animals were 
subjected to OGTT.

Chronic Study
Rats were randomly divided into six groups of six animals (n=6)  
each and received the different treatments once daily for 11 d Group I 
(Control): received gavage of vehicle 1 ml/rat and normal saline 0.1 ml/
rat s.c., Group II (Dexa): received gavage of vehicle 1 ml/rat and pre-
standardized dose of dexa 1 mg/kg s.c.,14 Group III (PEF+Dexa) received 
gavage of PEF 15 mg/kg and dexa 1 mg/kg s.c., Group IV (EAF+Dexa): 
received gavage of EAF 140 mg/kg and dexa 1 mg/kg s.c., Group V 
(AQF+Dexa): received gavage of AQF 95 mg/kg and dexa 1 mg/kg s.c., 
Group VI (PIO+Dexa): received gavage of PIO 10 mg/kg15 and dexa 1 
mg/kg s.c. Dexamethasone was administered 30 min after oral gavage of 
vehicle or fraction. 
At the end of experimental period animals were fasted for 12 h and 
subjected to oral glucose tolerance test (OGTT). Blood samples were 
collected by retro-orbital plexus puncture under light ether anesthesia. 
Zero-hour blood samples were used for estimation of blood glucose, 
triglyceride, cholesterol and insulin. The samples collected were centri-
fuged at 3000 rpm for 20 min to separate out the serum which was then 
analysed.7

Oral glucose tolerance test 7

On completion of study period oral glucose tolerance test (OGTT) was  
performed to measure the plasma glucose in each group. Glucose  
solution at a dose of 2 gm/kg (body weight) was administered by gavage.  
Blood samples were collected from the retro orbital plexus prior to  
glucose load (0 min) and post-glucose load at 30, 60, and 120 min. 

Biochemical estimation 
The concentration of plasma biochemical levels like glucose, triglyceride, 
total cholesterol and plasma insulin were measured by glucose oxidation 
method,16 GPO–POD enzymatic method,17 CHOD–POD enzymatic 
method18 and radioimmuno assay method19 respectively. 

Assessments of Insulin Resistance and Sensitivity
The degree of insulin resistance was calculated by using Homeostasis 
Model Assessment (HOMA),20

 HOMA = (fasting insulin x fasting glucose)/405 
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Statistical analysis 
All the results are expressed as mean standard error mean (± S.E.M). 
Statistical analysis was carried out using Student’s t-test and One-way 
analysis of variance (ANOVA) followed by Dunnett’s test for multiple 
comparisons using GraphPad Prism 5 software. P values of less than 0.05 
were regarded as significant (P<0.05).

Characterization of bioactive fraction
Fourier Transform Infrared (FT-IR) spectroscopy: A FT-IR spectrum 
was recorded on IR 200 Nicolet IR spectrophotometer (Thermo Electron 
Corporation, MA U.S.A.). Spectra were taken in KBr pellets.
LC-MS analysis: EAF 100 mg was dissolved in 10 ml of methanol and 
was sonicated for 10 min at 30oC in the ultrasonic bath. The sample was 
filtered through a 0.45-µm PVDF filter (Himedia labs. Pvt. Ltd., Mumbai, 
India) and was further used. Chromatography separation was performed 
using Surveyor Plus (Thermo Fisher Scientific, California, USA) HPLC 
system coupled to an MS analyser, LCQ Deca XP Max ion trap (Thermo 
finnigan, San Jose, CA, U.S.A.) with ESI interface using Xcalibur version 
1.2 software for system control.  
Sample was separated on 3 µm Dionex bonded silica C18

 column (150 
× 4.6 mm:  Acclaim 120, Thermo Fisher Scientific, California, USA).  
A binary gradient elution was applied (solvent A, 0.1% formic acid in 
water and solvent B, methanol),16 flow rate was set to 0.5 ml/min and 
injection volume was 10 µl. 
All the MS-MS analysis was carried out in the negative mode [M-H]-1 

under the following optimized conditions: spray voltage, 4.49KV; capillary  
voltage, 19V; capillary temperature, 350oC; sheath gas (N2), 65 arbitrary  
units; auxiliary gas (N2), 10 arbitrary units; full scan spectra were  
recorded within the m/z range of 100-1000; Collision energy: 35%.

RESULTS
Preparation of extract and fractions
Three fractions were obtained viz., petroleum ether fraction (PEF) (yield 
0.6 g, 6 %), ethyl acetate fraction (EAF) (yield 5.6 g, 56 %) and aqueous 
fraction (AQF) (yield 3.8g, 38 %). 

Preliminary phytochemical investigation
Preliminary phytochemical studies exhibited the presence of steroids in 
PEF; triterpenoids and phenols in EAF; carbohydrates and glycosides in 
AQF respectively.

HPTLC Analysis
The HPTLC analysis of fractions revealed their finger print profiles.  
Petroleum ether fraction resolved 5 spots with Rf values 0.17, 0.20, 0.34, 
0.56 and 0.67; ethyl acetate fraction resolved 7 spots with Rf values 0.25, 
0.34, 0.41, 0.57, 0.65, 0.71 and 0.84; the aqueous fraction resolved 5 spots 
with Rf values 0.14, 0.39, 0.42, 0.54 and 0.59.  Appearance of grey (with  
10 % fecl3 reagent) or blue (LB reagent) spots was considered as positive  
evidence for the presence of phenols and triterpenes respectively21  

(Figure 1).

Animal Experiment
Acute study
Glucose intolerance developed after acute treatment of rats with dexa-
methasone (Control AUC 9923±441.3 vs Dexa AUC 12650±90.78, 
P<0.001) was significantly prevented in EAF treated (Dexa+EAF AUC 
10284±239.3, P<0.001) and PIO treated (Dexa+PIO AUC 9845±311.1, 
P<0.001) rats. In contrast, PEF treatment further aggravated the dexa-
methasone induced glucose intolerance (Dexa+PEF AUC 15788±527.1, 
P<0.001). AQF treatment had no effect on this parameter (Figure 2).

Chronic study
As shown in Table 1, initial body weights of rats in all the groups were 
similar, dexamethasone treated rats lost the body weight significantly 
(P<0.001) compared to control rats. Treatment with PEF, EAF, AQF and  
PIO did not prevent the loss in body weight due to dexamethasone.  
Administration of dexamethasone showed significant increase in levels 
of fasting glucose (P<0.01), triglyceride (P<0.001), insulin (P<0.01) and 
HOMA IR (P<0.001). Treatment with EAF, AQF and PIO significantly 
(P<0.001) reduced fasting hyperglycemia, hypertriglyceridemia, hyper-
insulinemia, HOMA IR and fasting hyperglycemia (EAF P<0.05; AQF 
P<0.05 and PIO P<0.001) induced by dexamethasone, whereas, treatment  
with PEF did not alter these metabolic changes. Dexamethasone, all the 
fractions and PIO tested did not show any effect on total cholesterol levels.

Figure 1: HPTLC chromatogram of PEF, EAF and AQF at UV 254nm.



Sholapur and Patil,: Effect Moringa oleifera Bark on Dexamethasone induced Insulin Resistance

Journal of Young Pharmacists, Vol 9, Issue 3, Jul-Sep, 2017 413

Administration of dexamethasone led to the development of impaired  
glucose tolerance as indicated by significant increase in the sum of  
glucose levels during the OGTT in this group compared to control  
(Control AUC 10310±590.2 vs Dexa AUC 13020 ±222.6, P<0.01). 
Treatment with PIO and EAF prevented dexamethasone-induced 
impaired glucose tolerance as indicated by significant reduction in sum 
of glucose levels during OGTT compared to dexamethasone group 
(Dexa+PIO AUC 10149 ± 139.7, P<0.001; Dexa+EAF AUC 10529±314.5, 
P<0.001). Treatment with AQF had no effect on dexamethasone-induced 
glucose intolerance (Dexa+AQF AUC 12997±586.3). Further, treatment 

Table 1: Effect of PEF, EAF, AQF and PIO on body weight, triglyceride, cholesterol, glucose and insulin levels in dexametha-
sone treated rats (Chronic study).

Treatment groups
Body Weight Triglyceride  

mg/dl
Cholesterol

mg/dl
Glucose

mg/dl
Insulin
µU/ml

HOMA
Initial Final

Control 190.0±3.000 208.0±4.066 56.14±2.122 64.85±1.327 89.18±5.130 52.83±4.277 11.82±1.539

Dexa 198.7±0.843 157.2c±2.725 297.8c±12.29 53.34±9.602 109.6b±0.680 78.00b±3.890 21.11c±1.076

Dexa +PEF 189.2±2.442 148.0±4.726 89.83z±2.748 39.65±2.782 100.0±9.148 63.50±5.233 15.84±2.199

Dexa +EAF 189.0±3.688 152.0±4.066 74.98z±5.596 39.61±3.586 92.83x±7.441 42.67z±6.020 10.05z±1.897

Dexa+ AQF 196.7±1.256 164.2±5.121 114.2z±12.92 49.37±3.574 92.11x±4.688 43.00z±2.944 9.740z±0.716

Dexa +PIO 196.7±1.202 152.0±2.955 70.62z±3.433 40.16±3.448 89.79z±2.909 40.33z±3.007 8.89z±0.727

Values are means ± SEM; Dexamethasone 1 mg/kg (Dexa); Dexamethasone+petroleum ether fraction 15 mg/kg (Dexa+PEF), 
Dexamethasone+ethyl acetate fraction 140 mg/kg (Dexa+EAF), Dexamethasone+aqueous fraction 95 mg/kg (Dexa+AQF), 
Dexamethasone+pioglitazone 10 mg/kg (Dexa+PIO).
bP< 0.01, cP< 0.001 Compared with Control rats.
xP< 0.05,  zP< 0.001 Compared with Dexamethasone rats.

Figure 2: (A) Total area under curve of OGTT values from zero to 120 min, from control, Dexa, Dexa+PEF, Dexa+EAF, Dexa+AQF, Dexa+PIO groups and (B) 
Glycemia levels after oral glucose charge in tolerance test (Acute study).

with PEF augmented significantly the effect of dexamethasone on the 
rise in sum of glucose levels during OGTT compared to dexamethasone 
group (Dexa+PEF AUC 16108±597.3, P<0.001) (Figure 3).

Characterization of bioactive fraction
FT-IR spectroscopy was used to augment the findings of preliminary 
phytochemical investigations of bioactive EAF. The EAF spectra showed 
absorption at 3354.90 (O-H stretching 3400-3100),22 2922.99 (asymmetric  
-C-H stretching 3000-2900),23 1613.86 (-C=C- aromatic stretching),22 
1510.09 (-C=C-)23, 1266.01(C-O stretching 1300-1000),23 807.24 and 
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Figure 3: (A) Total area under curve of OGTT values from zero to 120 min, from control, Dexa, Dexa+PEF, Dexa+EAF, Dexa+AQF, Dexa+PIO groups and (B) 
Glycemia levels after oral glucose charge in tolerance test (Chronic study).

Figure 4: FT IR Spectrum of EAF. Figure 5: LC MS Spectrum of EAF.

615.33 which are characteristic for polyphenol (procyanidin type).22  The 
other absorptions at 1449.74(C-H bending cyclic (CH2)n)23 and 1709.39 
(C=O characteristic for esters 1710-1690)23 may be speculated due to the 
presence of triterpenes (Figure 4).

The LC MS and MS/MS (negative ion mode) analysis of bioactive EAF 
reveals that, some of the fragmentation values like m/z 576.98 and m/z 
288.93 are in accordance with the reported fragmentation values24 for  
deprotonated molecule of (epi)catechin dimer and (epi)catechin monomer  

of a polyphenol (procyanidin type)11 indicating its presence as one of the 
phytochemical in the ethyl acetate fraction (Figure 5). 

DISCUSSION
The results of the current study demonstrate that EAF of MO prevents 
whole body IR, whereas, AQF of MO prevents hepatic IR induced by 
dexamethasone.
Our previous study has demonstrated that alcoholic extract of MO bark 
prevented IR at the dose of 250mg/kg.7 The percentage yield of PEF, EAF 
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and AQF obtained from alcoholic extract in the present study were 6 %, 
56 % and 38 % respectively. Based on these yield a quantity proportional 
to 250 mg was calculated for each fraction and employed as test dose.
At the tissue level IR is observed in skeletal muscle, adipose tissue and 
liver. Skeletal muscles are generally considered as major peripheral tissue 
responsible for disposal of blood glucose and impaired glucose tolerance  
is characteristic of peripheral IR whereas hepatic IR is generally charac-
terized by fasting hyperglycemia and hyperinsulinemia.25 Further, during  
IR antilipolytic effects of insulin is reduced which eventually leads to  
increased synthesis of TG from live.26 In the present study, rats treated for 
11 days developed whole body IR characterized by fasting hyperglyce-
mia, hyperinsulinemia, hypertriglyceridemia and impaired oral glucose 
tolerance. These results are consistent with previous report.27 In these  
rats EAF was effective in preventing both impaired oral glucose tolerance  
and fasting biochemical changes of IR, whereas, AQF was effective in 
abolishing only fasting biochemical changes of IR. These observations 
suggest that EAF was able to prevent dexamethasone induced IR in all  
target tissues of insulin, whereas, AQF was effective only at hepatic tissue. 
By employing euglycemic- hyperinsulinemia clamp study in rats it is  
reported that single dose of daxamethasone induces IR.14 Consistent 
with this report in the present study rats treated with single dose of dexa-
methasone developed IR as indicated by impaired oral glucose tolerance 
observed in these rats. Using this, model we tested the acute effect of 
different fractions on dexamethasone induced altered glucose uptake by 
peripheral tissues. Interestingly, only EAF could abolish dexamethasone 
induced impaired oral glucose tolerance, whereas PEF and AQF failed to 
modify this effect. These findings further support our observations made 
in chronic study that, EAF but not AQF of MO is effective in overcoming 
peripheral IR due to dexamethasone.
Qualitative, chemical identification tests and HPTLC analysis revealed 
the presence of polyphenols and triterpenoids in EAF. Further character-
ization of the bioactive EAF by FT-IR and LC MSn, analysis confirmed 
the presence of polyphenols (procyanidin) as one of the phytochemical 
present in the EAF on comparison with the previous literature values.  
Polyphenols and triterpenoids are some of the important phytochemicals  
reported to increase insulin sensitivity in different models of IR which 
supports our findings in this study.28,29 Similarly, presence of glycosides 
in AQF may be responsible for abolishing IR in hepatic tissue observed 
in present study, since glycosides are reported to possess insulin sensitizing  
effects.30

CONCLUSION
This is the first report which confirms and speculates the presence of 
polyphenols and triterpenoids respectively in EAF of MO which may be 
responsible for preventing the development of IR in rat model. Isolation 
and pharmacological evaluation of phytoconstituents form these frac-
tions may further confirm our finding. 
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Abstract Novel analogs of 3-(4-substituted benzylidenea-
mino)-N-(6-substituted-1,3-benzo[d]thiazol-2-yl)-4,5-dihydro-
5-oxo-pyrazole-1-carboxamide (5a–s) were designed and
synthesized by reacting 3-amino-N-(6-substituted-1,3-benzo
[d]thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(4a–d) with p-substituted benzaldehydes. The Infrared
Spectroscopy, 1H-Nuclear Magnetic Resonance, 13C-
Nuclear Magnetic Resonance, and High Resolution Mass
Spectra spectral data confirmed the structures of all the
novel synthesized compounds. Among the series tested, two
compounds 5k and 5o displayed promising antibacterial
activity especially against Staphylococcus aureus (MIC=
3.14 and 1.57 µg/mL) and Bacillus subtilis (MIC= 3.12 and
1.84 µg/mL) respectively. Further, these title compounds
were also assessed for their cytotoxic activity (IC50) against
mammalian Vero cell line using 3-(4,5-dimethylthiazo-2-
yl)-2,5-diphenyl-tetrazolium bromide assay, indicating that
the compounds exhibit antibacterial activity at non-cytotoxic
concentrations. Field based three-dimensional quantitative

structure–activity relationships were also discussed based on the
antimicrobial screening data.

Graphical Abstract Synthesis, spectral studies, anti-
bacterial evaluation and QSAR studies of nineteen novel
Schiff bases of pyrazol-5-one derivatives derived from 2-
aminobenzothiazole nucleus are described.

Keywords Benzo[d]thiazole ● Pyrazol-5-one ● Antibacterial
activity ● Cytotoxicity ● 3D-QSAR

Introduction

The infectious diseases caused by pathogenic microorgan-
isms are a major cause of morbidity and mortality for the
human kind. According to the recent reports from World
Health Organization (Cohen 2000), approximately 57 mil-
lion deaths occur per annum worldwide. A matter of grave
concern is a rapid development of resistance to che-
motherapeutic agents or antibiotics by multidrug-resistant
strains of Gram-positive (Streptococcus, vancomycin-
resistant Enterococcus, and methicillin-resistant Staphylo-
coccus aureus) and Gram-negative pathogens (Escherichia,
Salmonella, and certain Pseudomonas strains). Thus there is
a precipitously growing global crisis in the clinical man-
agement of severe infectious disease, which demands for
the discovery and development of novel antimicrobial leads
with high efficacy (Coleman 2004; Abbanat et al. 2003).
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Heterocyclic skeletons serve as ideal scaffolds on which
pharmacophores can be appended to yield potential drug
candidates (Thompson and Ellman 1996). From literature it
is known that the molecular manipulation of 2-amino benzo
[d]thiazole moiety, one of the versatile scaffold in the drug
discovery, resulted in compounds that exhibited wide spec-
trum of biological activities such as anticancer, antimicrobial,
anti-inflammatory, analgesic, antitubercular, and muscle
relaxants (Axford et al. 2013; Kitagawa et al. 2007; Telvekar
et al. 2012; Cho et al. 2008; Manjula et al. 2009; Dogruer
et al. 1998). The structural variations along with their asso-
ciated biological activities of 2-aminobenzo[d]thiazole moi-
ety are depicted in Fig. 1. Similarly, nitrogen containing five
membered heterocyclic scaffolds such as pyrazole and pyr-
azolone moieties serves as a privileged scaffolds for the
generation of drug-like libraries in medicinal chemistry as
illustrated in Fig. 1. The pyrazolone class of compounds,
containing N–N bond display a wide range of biological
activities like anti-inflammatory, analgesic, antitubercular,

antimicrobial, anticancer, and anti-human immune-deficiency
virus (Ronkin et al. 2010; Tanitame et al. 2004; Castagnolo
et al. 2008; El-Hawash et al. 2006; Markovic et al. 2011;
Makhija et al. 2004). Much attention has been given to
pyrazoles as therapeutic agents after the discovery of pyr-
azofurin (pyrazole C-glycoside), which demonstrated potent
antimicrobial and anticancer activity (Genin et al. 2000).
Recently, Sun et al. reported the synthesis of series of N′-(4-
methoxy)benzoyl-3-(4-bromophenyl)-1H-pyrazole-5-carbo-
hydrazide analogs containing double amide bridge, which
displayed potent antibacterial activity (Sun et al. 2013).
Figure 1 also highlights the molecular manipulation of Schiff
bases (also known as azomethine) and their resultant biolo-
gical activities. Schiff bases have been found to possess a
broad range of biological activities, which includes anti-
fungal, antibacterial, antimalarial, antiproliferative, anti-
inflammatory, antiviral, and antipyretic properties (Rathelot
et al. 1995; Sriram et al. 2006; Makawana et al. 2013; da
Silva et al. 2011; Sztanke et al. 2013).

Fig. 1 Literature reported structures of benzo[d]thiazole, pyrazole and Schiff base derivatives. Design of 2-aminobenzo[d]thiazolyl substituted
pyrazol-5-one Schiff base analogs using molecular hybridization approach
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Over the years, molecular hybridization-based drug
design approach (Viegas-Jr et al. 2007) has been exploited
by many researchers in order to develop new hybrid che-
mical entities as promising drug candidates. It is known that
more efficacious antibacterial agents with synergistic anti-
microbial activity can be designed by joining two or more
biologically active pharmacophores or heterocyclic systems
in a single molecular framework. Based on the above
mentioned facts, we envisaged to synthesize novel hybrid
structure having 6-substituted-2-aminobenzo[d]thiazole and
substituted pyrazol-5-one Schiff bases linked with an amide
bond (See Fig. 1). In continuation of our search for biolo-
gically active hybrid molecules (Hampannavar et al. 2016;
Palkar et al. 2015; Shaikh et al. 2014; Aragade et al. 2013),
we herein report the design, synthesis, and spectral studies
of a series of 19 new Schiff bases of pyrazol-5-one deri-
vatives derived from benzo[d]thiazole nucleus (5a–s).
These hybrid compounds were evaluated for their pre-
liminary in vitro antibacterial and cytotoxicity studies fol-
lowed by field-based three-dimensional quantitative
structure–activity relationships (3D-QSAR) studies on their
biological results.

Chemistry

The synthesis of a novel series of 3-(4-substitutedben-
zylideneamino)-N-(6-substituted-1,3-benzo[d]thiazol-2-yl)-4,
5-dihydro-5-oxo-pyrazole-1-carboxamide (5a–s) was

achieved through versatile and efficient synthetic route as
outlined in Schemes 1 and 2. Various starting materials i.e.,
6-substituted-2-aminobenzo[d] thiazoles (1a–d) were pre-
pared by reacting p-substituted aniline and potassium thio-
cyanate in glacial acetic acid at 0 °C by following earlier
reported methods (Brewster and Dains 1936; Palkar et al.
2010). The subsequent intermediates i.e., ethyl(6-sub-
stituted-1,3-benzo[d]thiazol-2-yl)carbamates (2a–d) were
prepared by nucleophilic substitution reaction of com-
pounds 1a–d in the presence of ethyl chloroformate and
anhydrous K2CO3 in acetone. Subsequently, compounds
2a–d were reacted with hydrazine hydrate (99%) in
methanol to afford different carbohydrazide derivatives
(3a–d) as depicted in Scheme 1. Compounds 3a–d were
further reacted with ethyl 2-cyanoacetate in glacial acetic
acid and dimethyl formamide (DMF) under reflux to obtain
various 3-amino-N-(6-substituted-1,3-benzo[d]thiazol-2-
yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide derivatives
(4a–d) through a cyclo-condensation process (Parashar
et al. 2012; Mruthyunjayaswamy and Basavarajaiah 2009).
These compounds contain free amino (NH2) group at 3rd

position of the pyrazol-5-one ring, and which can be
appreciably labile to participate in the Schiff reaction.
Condensation of compounds 4a–d with appropriately p-
substituted benzaldehydes in toluene (anhydrous) and cat-
alytic amounts of glacial acetic acid resulted in a series of
Schiff bases (5a–s) with moderate to good yields (see
Scheme 2). This reaction was carried out using Dean stark
apparatus in order to remove the in situ water formed, thus

N

S
NH2

R

N

S
NH

R

N

S
NH

R
NH2R

(i) (ii)

1a: R = F
1b: R = Cl
1c: R = Br
1d: R = NO2
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Scheme 1 Synthesis of 4-(6-
substituted-1,3-benzo[d]thiazol-
2-yl)semicarbazide (3a–d).
Reagents and conditions: (i)
CH3COOH, KSCN, Br2, NH3,
0 °C, stir, 10–12 h; (ii) Ethyl
chloroformate, anhydrous
K2CO3, acetone, stir, 50 °C,
reflux, 9–15 h; (iii)
NH2NH2·H2O (99%), methanol,
reflux, 4–6 h

Scheme 2 Synthesis of novel
series of 3-(4-
substitutedbenzylideneamino)-
N-(6-substituted-1,3-benzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-
pyrazole-1-carboxamide (5a–s)
derivatives. Reagents and
conditions: (iv) ethyl-2-
cyanoacetate, DMF, reflux,
8–12 h; (v) p-substituted
benzaldehydes, toluene
(anhydrous), CH3COOH, Dean
stark, reflux, 13–20 h
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favoring the formation of Schiff bases (da Silva et al. 2011).
It was observed that the crystalline appearance of Schiff
bases (5a–s) were of different shades of yellow color, which
could be attributed to the presence of chromophoric group
(CH=N) in their molecular structure.

Material and methods

In vitro antibacterial activity

The antibacterial activity of the synthesized compounds (5a–
s) was tested against two Gram positive bacteria namely S.
aureus (ATCC 25923), B. subtilis (ATCC 6633) and two
Gram negative bacteria namely, E. coli (ATCC 25922), P.
aeruginosa (ATCC 27853) using MH medium (Mueller-
Hinton medium: casein hydrolysate 17.5 g, soluble starch
1.5 g, beef extract 1000 mL). The minimum inhibitory
concentrations (MICs) of the test compounds were deter-
mined by a colorimetric method using the dye 3-(4,5-dime-
thylthiazo-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT). A
stock solution of the synthesized compound (100 µg/mL)
in DMSO was prepared and graded quantities of the test
compounds were incorporated in specified quantity of
sterilized liquid MH medium. A specified quantity of the
medium containing the compound was poured into micro-
titration plates. The bacterial inocula were prepared by
suspending 24 h old bacterial colonies from Muller Hinton
Agar media in 0.85% saline. The inocula were adjusted to
0.5 McFarland Standard (1.5× 108 CFU/mL) and applied
to microtitration plates with serially diluted compounds in
DMSO to be tested and incubated at 37 °C for 24 h. After
the MICs were visually determined on each of the micro-
titration plates, 50 µL of phosphate buffered saline (0.01
mol/L, pH 7.4, Na2HPO4·12H2O 2.9 g, KH2PO4 0.2 g,
NaCl 8.0 g, KCl 0.2 g, distilled water 1000 mL) containing
2 mg of MTT/mL was added to each well. Incubation was
continued at room temperature for 4–5 h. The content of
each well was removed, and 100 µL of isopropanol con-
taining 5% 1mol/L HCl was added to extract the dye. After
12 h of incubation at room temperature, the optical density
was measured with a microplate reader at 550 nm (CLSI
guidelines 2015; Stevens and Olsen 1993; McFarland
1907).

Cytotoxic activity

The cellular conversion of MTT into a formazan product
was used to evaluate cytotoxic activity (IC50) of a novel
series of title compounds (5a–s) against mammalian Vero
cell line upto concentrations of 62.5 µg/mL. After 72 h of
exposure, cell viability was assessed on the basis of cellular
conversion of MTT into a formazan product using the

Promega Cell Titer 96, a non-radioactive cell proliferation
assay method (Mosmann 1983).

QSAR studies

In the present study nineteen derivatives (5a–s) and their
corresponding MIC values in nanomolar (nM) scale were
used for field-based QSAR generation. The field-based
QSAR models are based on CoMFA (Cramer 1988) and
CoMSIA (Glide 2013; Klebe and Abraha 1999). CoMFA
field-based models are constructed by calculating the value
of fields, such as the electrostatic field, on a rectangular grid
that encompasses the molecules in the training set. The grid
locations are the independent variables that are used in a
partial-least-squares (PLS) fitting procedure to produce a
relationship between the values of the fields and the activity
of the training set molecules.

The MIC values were converted to 1/log MIC in nM
terms and were used as dependent variables in QSAR study.
The 3D structures of the molecules were built using ‘build’
module within Schrödinger. All the structures were mini-
mized using MacroModel by OPLS_2005 with Powell-
Reeves conjugate gradient convergence criterion of 0.05
kcal/mol force field at a maximum of 3500 iteration. An 8
and 20 Å cut-off was applied for both van der Waals
interactions and electrostatic energies, respectively. One of
the fundamental assumptions wherein 3D-QSAR studies are
based is that a geometric similarity should exist between the
structures. So, taking compound 5o as bioactive con-
formation all the compounds are aligned on the backbone of
compound 5o. The 19 compounds were divided into train-
ing set (14 compounds) and test set (5 compounds) for the
generations of QSAR model.

The steric and electrostatic potential fields were calcu-
lated at each lattice intersection of a regularly spaced grid of
1.0 Å. The grid box dimensions were determined auto-
matically in such a way that the region boundaries were
extended beyond 3 Å in each direction from co-ordinates of
each molecule. The van der Waals potentials and Cou-
lombic terms, which represent steric and electrostatic fields,
respectively, were calculated using five Gaussian fields for
the QSAR model field (Gaussian 2009). Cross-validated
PLS regressions method was performed to generate QSAR
equation. The QSAR equation for antibacterial potential
against S. aureus was evaluated by cross validated corre-
lation coefficient (r2cv), standard deviation (s), F-test (F)
and correlation coefficient (r2).

Results and discussion

The synthesis of 2-amino benzo[d]thiazolyl substituted
pyrazol-5-ones was achieved through an efficient and

1972 Med Chem Res (2017) 26:1969–1987
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versatile synthetic route as illustrated in Scheme 1. Struc-
tures of key intermediates 4a–d and their respective Schiff
bases (5a–s) were confirmed based on their physicochem-
ical and spectral (FTIR, 1H-NMR (nuclear magnetic reso-
nance), 13C-NMR, and High Resolution Mass Spectra
(HRMS)) analysis. All the synthesized compounds were in
agreement with their respective analytical data, which are
summarized in experimental section. In general, the Infrared
Spectroscopy (IR) spectra of compounds 4a–d showed the
absorption bands ranging from 3268 to 3233 cm−1 for N–H,
1715–1699 cm−1 for C=O (amide), 1601–1586 cm−1 for
C=N as well as 748–726 cm−1 for C–S–C groups, respec-
tively. Further, the formation of 3-amino-pyrazol-5-one
nucleus was confirmed by the appearance of distinct char-
acteristic bands at 3477–3434 and 1680–1658 cm−1

assigned to the stretching vibration of the NH2 and C=O
(pyrazol-5-one ring) groups. This was further substantiated
from 1H-NMR spectra of compounds 4a–d, which exhib-
ited the prominent singlet signals around δ 5.35–5.16 and
3.60–3.34 ppm accounting for amino (NH2) and methylene
(CH2) protons indicating the pyrazol-5-one ring formation
from their respective carbohydrazides (3a–d) by simple
cyclo-condensation process. This observation is consistent
with similar reported compounds (Parashar et al. 2012;
Mruthyunjayaswamy and Basavarajaiah 2009). Further the
IR spectra of Schiff base (5a–s) showed disappearance of
the characteristic bands at 3477–3434 cm−1 of amino group
and appearance of prominent bands at around 1711–1672
and 1670–1642 cm−1 accounted for carbonyl (C=O) groups
of amide and pyrazol-5-one, respectively. The IR spectra of
these compounds also showed moderately strong bands at
around 3304–3190, 1616–1585, and 759–729 cm−1 con-
firming the presence of N–H, C=N and C–S–C groups,
respectively. The 1H-NMR spectra of these compounds
revealed the most informative and attributable signals as
singlets at around δ 10.48–9.97 and 9.06–8.65 ppm for –NH
(amide) and –CH=N– (imine) protons indicating the
formation of Schiff bases. A characteristic singlet signal
due to the CH2 protons of pyrazol-5-one ring appeared at δ
3.56–3.19 ppm. Further the 1H-NMR spectra of the title
compounds showed prominent signals for the benzo[d]
thiazole protons between δ 8.14 and 7.51 ppm and the
aromatic protons appeared between δ 7.60 and 6.95 ppm,
respectively. The 1H-NMR spectra of the compounds 5b,
5c, 5g, 5l, 5p, and 5s also exhibited peaks resonating around
δ 5.54, 3.88–3.80 and 2.92–2.79 ppm confirming the
presence of OH, OCH3 and N(CH3)2 protons in their
respective structures. In 13C-NMR spectrum the character-
istic signals appeared at around δ 174.9–171.1,
168.3–165.3, 163.6–160.2, and 39.4–33.6 ppm, strongly
suggesting the presence of C=O (of amide), C=O (of
pyrazol-5-one), –CH=N (of imine) and CH2 (of pyrazol-5-
one) groups, respectively. It was also observed that the

corresponding signals for aromatic and heteroaromatic
carbons resonated at around δ 148.9–105.3 ppm, while the
methoxyl carbons appeared at around δ 58.3–55.7 ppm. In
addition, the formation of title compounds was confirmed
by recording their mass spectra (HRMS), which were in full
agreement with their molecular weights. Electron impact
mass spectra (EIMS) displayed an accurate molecular ion
peaks at m/z 382.2, 412.9, 425.3, 398.1, 428.3, 441.5,
433.6, 471.2, 408.6, 438.1, and 424.4 for compounds 5a–c,
5f–i, 5l, 5o, 5p, and 5s, respectively.

All the newly synthesized compounds (5a–s) were fur-
ther evaluated for their in vitro antibacterial activity against
two Gram positive bacteria; Staphylococcus aureus (ATCC
25923), Bacillus subtilis (ATCC 6633) and two Gram
negative bacteira; Escherichia coli (ATCC 25922), Pseu-
domonas aeruginosa (ATCC 27853), which could be causal
agents of some serious infections in humans. The anti-
bacterial activity was carried out in MH medium. Ampi-
cillin and Gatifloxacin were used as a reference standard.
The MIC values of in vitro antibacterial screening of the test
compounds are summarized in Table 1. All the reported
compounds exhibited moderate to significant in vitro
activity against the tested bacterial strains compared to
reference drugs. A systematic analysis of the data as
depicted in Table 1 revealed that some of the synthesized
compounds exhibited enhanced antibacterial activity, espe-
cially against Gram positive S. aureus (ATCC 25923) and
B. subtilis (ATCC 6633).

From this series, three compounds (5k, 5n, and 5o) exhib-
ited excellent antibacterial activity for Gram positive bacteria,
while compounds 5e, 5f, 5h, 5j, 5q, and 5s showed moderate
to good antibacterial activity against the tested organisms.
Compound 5o displayed two fold higher activity than the
standard drugs against S. aureus with MIC 1.57 µg/mL,
whereas almost comparable activity was observed for com-
pounds 5k and 5n with MIC value of 3.14 µg/mL with respect
to that of positive control Ampicillin (MIC= 3.12 µg/mL) and
Gatifloxacin (MIC= 3.12 µg/mL).

In the case of B. subtilis, compound 5o (MIC= 1.84 µg/mL)
exhibited significant antibacterial activity, whereas com-
pounds 5a, 5e, 5f, 5j, 5k, 5q, and 5s showed moderate to
good antibacterial activity when compared to reference
drugs. Besides this, compounds 5k (MIC= 4.48 µg/mL)
and 5o (MIC= 5.26 µg/mL) displayed moderate to good
antibacterial activity against Gram negative E. coli, when
compared to standard Ampicillin (MIC= 3.12 µg/mL) and
Gatifloxacin (MIC= 0.39 µg/mL). Further, moderate activ-
ity against P. aureginosa was observed for compound 5k
(MIC= 6.25 µg/mL). However, all other compounds in this
series exhibited little or poor activity against Gram negative
bacteria. From the activity data an interesting pattern
between the compounds and antibacterial activity against
S. aureus was observed. In general, a close inspection of the
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Table 1 The in vitro antibacterial and cytotoxic activity of the newly synthesized compounds (5a–s)

Code Compounds Minimum inhibitory concentrations (MIC)a Cytotoxicity IC50

(µM)b

Gram positive Gram negative

S. aureus B. subtilis E. coli P. aeruginosa

5a 10.38 08.46 12.48 13.24 129.7

5b 25.43 14.40 10.52 15.76 161.9

5c 16.57 22.10 >50.00 >50.00 143.7

5d 13.04 16.25 >50.00 >50.00 127.2

5e 08.06 06.50 10.26 12.62 145.5

5f 04.60 07.50 12.68 10.24 114.9
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Table 1 continued

Code Compounds Minimum inhibitory concentrations (MIC)a Cytotoxicity IC50

(µM)b

Gram positive Gram negative

S. aureus B. subtilis E. coli P. aeruginosa

5g 18.77 16.68 16.24 18.16 128.1

5h 08.06 10.78 21.66 >50.00 168.1

5i 12.54 18.43 >50.00 >50.00 178.9

5j 05.56 06.25 13.12 12.60 120.3

5k 03.14 03.12 04.48 06.25 163.4
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Table 1 continued

Code Compounds Minimum inhibitory concentrations (MIC)a Cytotoxicity IC50

(µM)b

Gram positive Gram negative

S. aureus B. subtilis E. coli P. aeruginosa

5l 25.43 23.66 >50.00 >50.00 118.3

5m 16.57 13.79 >50.00 >50.00 134.8

5n 03.14 03.50 09.40 12.25 218.4

5o 01.57 01.84 05.26 06.27 151.3

5p 17.27 10.38 15.25 18.50 149.7
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screening results indicated that the compounds with halo or
nitro (–NO2) group at position C-6 of benzo[d]thiazole
nucleus has exerted significant influence on the antibacterial
armament, whereas p-substitution on the aromatic ring had
little or no influence on the antibacterial activity. From this
novel series, compounds 5k and 5o have emerged as pro-
mising antibacterial leads especially against the Gram
positive bacterial organisms.

The title compounds 5a–s were further examined for
their toxicity (IC50) profile on mammalian Vero cell line up
to 62.5 µg/mL concentrations. After 72 h of exposure, cell
viability was assessed on the basis of cellular conversion of
MTT into a formazan product. Promega Cell Titer 96, a
non-radioactive cell proliferation assay method was
employed and their results are summarized in Table 1. The
IC50 values ranging from 114.9 to 249.7 µM was observed

Table 1 continued

Code Compounds Minimum inhibitory concentrations (MIC)a Cytotoxicity IC50

(µM)b

Gram positive Gram negative

S. aureus B. subtilis E. coli P. aeruginosa

5q 06.34 06.34 10.48 12.50 192.2

5r 16.57 20.99 26.88 >50.00 174.5

5s 09.64 10.26 15.22 12.54 249.7

Ampicillin 03.12 01.56 03.12 03.12 >430.0

Gatifloxacin 03.12 01.56 0.39 0.78 >575.0

a MIC values are determined by broth dilution method (two fold dilution) and are expressed in μg/ml
b Mammalian toxicity testing using VERO cell lines and is expressed as IC50, is the concentration of compound, which is reduced by 50% of the
optical density of treated cells with respect to untreated cells using the MTT assay
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for the 19 derivatives tested indicating no significant
activity against mammalian Vero cell line at concentrations
<100 µM. Compounds 5o–s containing nitro (NO2) group
at position C-6 of benzo[d]thiazole ring showed less cyto-
toxicity with IC50 ranging from 174.5 to 249.7 μM when
compared to that of fluoro, chloro, and bromo-substituted
analogs. With the promising activity profile along with
increased cyto-friendly properties exhibited, the synthesized
compounds could be attractive lead molecules in develop-
ing safe and potential antimicrobial agents.

Based on the promising antibacterial activity profile (low
MICs) and the effect of various substituents on the motifs
(benzo[d]thiazole/pyrazol-5-one) of the core skeleton and
their subsequent consequence on the activity, encouraged us
to develop a suitable 3D-QSAR model to further validate
the observed results. The predictivity of the generated 3D-
QSAR model was analyzed by test set predictions. Con-
sidering the flexibility of the molecules, the predictive
qualities of the generated 3D-QSAR model was found to be
satisfactory. The generated 3D-QSAR model displayed
acceptable statistics, which was based on the parameters
like R2, Q2, SD, and RMSE, as well as on the high value of
Pearson-R. The predicted and observed activities of the
training and test set compounds are summarized in Table 2
and represented in Fig. 2. The training set correlation was
characterized by PLS factors (R2= 0.874, SD= 0.009, F=
34.8, P= 3.13e−005). The test set correlation was char-
acterized by PLS factors (Q2= 0.621, RMSE= 0.01,
Pearson R= 0.929) of the field-based 3D-QSAR. The
relative contributions of the steric, electrostatic, hydro-
phobic, and hydrogen bond interaction fields were found to
be 67.49, 4.27, 13.58, and 14.64%, respectively, reflecting
the relative importance of steric, electrostatic, hydrophobic,
and the hydrogen bonding interactions in the antibacterial
mechanism.

The 3D-QSAR steric and electrostatic contours are
represented in Fig. 3a, b. The steric interaction was depicted
by green and yellow contours, while electrostatic interaction
was denoted by blue and red contours. For steric interac-
tions, the green contour map represents sterically favorable
region, while the yellow contour map represents the unfa-
vorable region. A yellow contour around the 4th position
phenyl ring of compound 5o suggesting that groups with
low steric tolerance are required at this position to increase
the activity (See Fig. 3a). This could be a possible reason,
why compounds 5b, 5c, 5d, 5g, 5i, 5l, 5m, 5p, and 5r have
poor antibacterial activity. It was also observed that the
presence of bulky group at 3rd position of the phenyl ring
could increase the biological activity. In the case of com-
pound 5o, green contour near the 6th position of the benz[d]
thiazole ring indicated that bulky substituents were pre-
ferred in this region (See Fig. 3a). Similarly, in compounds
5a, 5e, 5f, 5h, 5j, 5k, 5n, 5q, and 5s containing fluoro,

Table 2 The MIC (experimental) and pMIC (predicted) along with
residual activity of the training and test set compounds against S.
aureus

Compound Experimental Activity Predicted Activity Residual

5a 0.1016 0.1020 −0.0004

5b 0.1405 0.1401 0.0004

5ct 0.1219 0.1223 −0.0004

5dt 0.1115 0.1121 −0.0006

5et 0.0906 0.0912 −0.0006

5f 0.0662 0.0667 −0.0005

5g 0.1273 0.1278 −0.0005

5h 0.0906 0.0900 0.0006

5i 0.1098 0.1091 0.0007

5j 0.0745 0.0752 −0.0007

5k 0.0496 0.0490 0.0006

5l 0.1405 0.1412 −0.0007

5m 0.1219 0.1224 −0.0005

5n 0.0496 0.0489 0.0007

5o 0.0195 0.0188 0.0007

5pt 0.1237 0.1246 −0.0009

5q 0.0802 0.0809 −0.0007

5r 0.1219 0.1224 −0.0005

5st 0.0984 0.0993 −0.0009

t test set

Fig. 2 Correlation graph between MIC (experimental) and pMIC
(predicted) of the training and test set compounds along with residual
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chloro, bromo, and nitro groups extended towards the large
green contour, which might be a favorable region for
bulkier groups. This also explains that these compounds
displayed high binding affinity.

The electrostatic contour plot is presented in Fig. 3b. A
blue contour favors the electropositive substituent for
high binding affinity, while the red contour indicates the
electronegative substituents are favorable for high
binding affinity with the protein. For compounds 5c
and 5h the decrease in activity could be attributed to the
increase in electron density on the aromatic ring due to the
presence of N,N-dimethyl group at 4th position. Thus,
explaining the reduced biological activity for some
compounds.

The hydrophobic interactions as illustrated in Fig. 3c are
represented by pink (favorable) and magenta (unfavorable)
contours for biological activity. The presence of small
hydrophobic groups occupying the pink contours enhances
the activity, while larger hydrophobic groups extending up
to magenta region could result in decrease of biological
activity. This explains the biological activity of some
compounds 5c and 5h. Similarly hydrogen bond interac-
tions are represented in Fig. 3d. Magenta contours represent
regions favoring hydrogen bond acceptors on the ligands
while red contours indicate regions, where hydrogen bond
acceptor substituents on ligands are unfavorable for the
activity. From the contour maps, it was clear that presence
of hydrogen bond acceptor substituents like carbonyl and/or
nitro groups at 4th position on the phenyl ring might
enhance the biological activity. This indicates the
increase in activity for compounds (5e, 5j, and, 5n)
having nitro group at 4th position of the phenyl ring.
However for compounds 5k and 5o such observation was
not noticed.

Conclusion

In this communication, we report the synthesis, spectral
studies, and biological evaluation of a novel series of 3-(4-
substitutedbenzylideneamino)-N-(6-substituted-1,3-benzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(5a–s) derivatives. It was observed from the in vitro anti-
bacterial screening of the title compounds (5a–s) that
compounds 5k, 5n, and 5o displayed excellent antibacterial
activity against Gram positive bacteria. Compounds 5k and
5o also exhibited moderate to good antibacterial activity
against Gram negative organisms. The cytotoxic activity
(IC50) against mammalian Vero cell line (MTT assay)
indicated that the title compounds were non-cytotoxic and
no significant cytotoxicity was observed at concentrations
<100 µM. Hence, the molecular hybridization strategy
chosen for the current study to combine pharmacophoric
key features from benzo[d]thiazole and pyrazol-5-one using
amide linkage was successful. Developed 3D - QSAR
results are in close agreement with the observed
structure–activity relationship. Statistically significant 3D -
QSAR model was obtained with good results in terms of q2

and r2 values. The QSAR model established the most sig-
nificant correlation of steric and hydrogen bond acceptor
fields with the biological activities for the title compounds,
while the influence of the steric, electrostatic, hydrophobic,
and hydrogen-bond acceptor fields on their activities was
clarified by analyzing the field based contour maps. Overall,
the results described in this study provide a fruitful insight
into the different field contributions around the molecules,
and their influence on the antibacterial activity. In conclu-
sion, compound 5o was found to be the most promising lead
and could be further exploited for developing novel
potential and safe antibacterial agents.

Fig. 3 Showing the field based
3D-QSAR visualization for a
Compound 5o: effect for steric
interaction; b Compound 5n:
effect for electrostatic
interaction; c Compound 5h;
effect for hydrophobic; d
Compound 5n: effect for
hydrogen bond donor interaction
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Experimental

All research chemicals were purchased from Sigma-Aldrich
(St. Louis, Missouri, USA) or Lancaster Co. (Ward Hill,
MA, USA) and used as such for the reactions. The reference
drugs (Ampicillin and Gatifloxacin) used in this work
was received as a gift sample from Fourrtis (India) Lab.
Pvt. Ltd., Chennai (Tamilnadu, India). Solvents except
laboratory reagent grade were dried and purified accor-
ding to the literature when necessary. The progress of
reactions and purity of compounds were monitored by
thin-layer chromatography (TLC) on pre-coated silica
gel plates procured from E. Merck and Co. (Darmstadt,
Germany) using methanol (3%) in dichloromethane as
mobile phase and iodine vapors as visualizing agent.
Melting points of synthesized compounds were deter-
mined in Thermonik (Mumbai, India) melting point appa-
ratus and are uncorrected. IR spectra were recorded on
ThermoNicolet IR200 FT-IR Spectrometer (Madison, WI,
USA) by using KBr pellets. The 1H NMR and 13C NMR
were recorded on Bruker AVANCE 400 (Bruker, Rhein-
stetten/Karlsruhe, Germany) using appropriate solvent.
Chemical shifts are reported in δ ppm units with respect to
TMS as internal standard. Mass spectra and HRMS were
recorded on Autospec Mass Spectrometer under the electron
impact at 70 eV. The synthesized title compounds were
purified by using flash chromatography SP-01 (Biotage,
Sweden).

General procedure for synthesis of 6-substituted-2-
amino-1,3-benzo[d]thiazole (1a–d)

An appropriately p-substituted aniline (0.1 mol) and potas-
sium thiocyanate (KCNS, 9.718 g, 0.1 mol) were dissolved
in 100 mL of glacial acetic acid (AcOH), cooled in
ice–salt mixture and stirred mechanically, while a solution
of bromine (15.980 g, 0.1 mol) in AcOH (20 mL)
was slowly added drop by drop (Palkar et al. 2010).
External cooling was applied throughout the process to keep
the temperature below 10 °C and the stirring was continued
for 30 min. After all of the bromine had been added, the
solution was stirred for 2 h below room temperature and at
room temperature for 10 h. It was then allowed to stand
overnight during which the precipitate of imino-benzo[d]
thiazole hydrobromide salt thus separated out was filtered,
washed with acetic acid, dried, dissolved in hot water and
basified to pH 11.0 with ammonia solution (NH4OH) and
the resulting precipitate was filtered, washed with water and
dried to get the desired products 2-amino-6-substituted
benzo[d]thiazole (1a–d). The progress of the reaction was
monitored by TLC using acetone (20%) in toluene solvent
system.

6-Fluoro-2-amino-benzo[d]thiazole (1a)

White crystals, yield 77.3%, mp 183–185 °C; FTIR (KBr,
cm−1): 3374 (N–H), 1598 (C=N); 1H NMR (400MHz,
DMSO-d6, δ, ppm): 7.64–7.62 (d, 1H, J= 8.5 Hz, H-7 of
benzo[d]thiazole), 7.41–7.38 (d, 1H, J= 8.2, H-4 of benzo
[d]thiazole), 7.22–7.19 (d, 1H, J= 8.7 Hz, H-5 of benzo[d]
thiazole), 6.38 (s, 2H, NH2, D2O exchangeable); EIMS m/z:
149.3 (M+).

6-Chloro-2-amino-benzo[d]thiazole (1b)

Colorless crystals, yield 68.5%, mp 203–205 °C; FTIR
(KBr, cm−1): 3403 (N–H), 1585 (C=N); 1H NMR (400
MHz, DMSO-d6, δ, ppm): 7.60 (s, 1H, H-7 of benzo[d]
thiazole), 7.35–7.33 (d, 2H, J= 8.3 Hz, H-4 and H-5 of
benzo[d]thiazole), 6.44 (s, 2H, NH2, D2O exchangeable);
EIMS m/z: 165.2 (M+).

6-Bromo-2-amino-benzo[d]thiazole (1c)

Yellow solid, yield: 72.3%, mp 217–219 °C; FTIR (KBr,
cm−1): 3410 (N–H), 1589 (C=N); 1H NMR (400MHz,
DMSO-d6, δ, ppm): 7.72 (s, 1H, H-7 of benzo[d]thiazole),
7.46–7.42 (d, 2H, J= 8.5 Hz, H-4 and H-5 of benzo[d]
thiazole), 6.52 (s, 2H, NH2, D2O exchangeable); EIMS m/z:
210.1 (M+).

6-Nitro-2-amino-benzo[d]thiazole (1d)

Yellow crystalline solid, yield 70.7%, mp 196–198 °C;
FTIR (KBr, cm−1): 3416 (N–H), 1591 (C=N); 1H NMR
(400MHz, DMSO-d6, δ, ppm): 7.79 (s, 1H, H-7 of benzo
[d]thiazole), 7.40–7.36 (d, 2H, J= 8.6 Hz, H-4 and H-5 of
benzo[d]thiazole), 6.65 (s, 2H, NH2, D2O exchangeable);
EIMS m/z: 176.3 (M+).

General procedure for synthesis of ethyl(6-substituted-
1,3-benzo[d]thiazol-2-yl) carbamate (2a–d)

To a constantly stirred solution of 6-substituted-2-amino-
1,3-benzo[d]thiazole (one of 1a–d, 0.03 mol) in anhydrous
acetone (50 mL), anhydrous potassium carbonate (6.22 g,
0.045 mol) was added and stirring was further continued at
50 °C for 1.5 h (Parashar et al. 2012). Ethyl chloroformate
(3.256 g, 0.03 mol) was added in a dropwise manner at 50 °
C with constant stirring and then the reaction mixture was
refluxed for 9–15 h. The progress of the reaction was
monitored by TLC. The reaction mixture was allowed attain
the room temperature. The mixture was then poured into the
water and extracted successively with 25 mL of dichloro
methane (DCM, four times). To the combined DCM frac-
tion, anhydrous Na2SO4 was added, filtered and the filtrate
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was evaporated in vaccuo to yield the desired compounds
2a–d.

Ethyl(6-fluoro-1,3-benzo[d]thiazol-2-yl)carbamate (2a)

Off while solid, yield 61.2%, mp 198–200 °C; FTIR (KBr,
cm−1): 3273 (N–H), 1690 (C=O), 1591 (C=N); 1H NMR
(400MHz, DMSO-d6, δ, ppm): 8.49 (s, 1H, –NH),
7.77–7.75 (d, 1H, J= 8.6 Hz, H-7 of benzo[d]thiazole),
7.39–7.36 (d, 1H, J= 8.3 Hz, H-4 of benzo[d]thiazole),
7.24–7.20 (d, 1H, J= 8.8 Hz, H-5 of benzo[d]thiazole),
3.25 (s, 2H, –CH2), 1.31 (t, 3H, –CH3); EIMS m/z: 225.3
(M++ 1), 224.1 (M+).

Ethyl(6-chloro-1,3-benzo[d]thiazol-2-yl)carbamate (2b)

While solid, yield 58.7%, mp 215–218 °C; FTIR (KBr,
cm−1): 3292 (N–H), 1705 (C=O), 1601 (C=N); 1H NMR
(400MHz, DMSO-d6, δ, ppm): 8.55 (s, 1H, –NH), 7.63 (s,
1H, H-7 of benzo[d]thiazole), 7.46–7.42 (d, 2H, J= 8.2 Hz,
H-4 and H-5 of benzo[d]thiazole), 3.16 (q, 2H, –CH2), 1.21
(t, 3H, –CH3); EIMS m/z: 242.5 (M+ + 2), 240.3 (M+).

Ethyl(6-bromo-1,3-benzo[d]thiazol-2-yl)carbamate (2c)

Pale yellowish brown solid, yield 67.1%, mp 195–197 °C;
FTIR (KBr, cm−1): 3302 (N–H), 1706 (C=O), 1580
(C=N); 1H NMR (400MHz, DMSO-d6, δ, ppm): 8.42 (s,
1H, –NH), 7.81 (s, 1H, H-7 of benzo[d]thiazole), 7.45–7.40
(d, 2H, J= 8.4 Hz, H-4 and H-5 of benzo[d]thiazole), 3.06
(q, 2H, –CH2), 1.29 (t, 3H, –CH3); EIMS m/z: 284.7 (M++
2), 282.5 (M+).

Ethyl(6-nitro-1,3-benzo[d]thiazol-2-yl)carbamate (2d)

Light yellow solid, yield 78.2%, mp 218–220 °C; FTIR
(KBr, cm−1): 3313 (N–H), 1711 (C=O); 1593 (C=N); 1H
NMR (400MHz, DMSO-d6, δ, ppm): 8.89 (s, 1H, –NH),
7.94 (s, 1H, H-7 of benzo[d]thiazole), 7.64–7.61 (d, 2H, J
= 8.7 Hz, H-4 and H-5 of benzo[d]thiazole), 3.11 (q, 2H,
–CH2), 1.35 (t, 3H, –CH3); EIMS m/z: 267.4 (M+).

General procedure for synthesis of N-(6-substituted
benzo[d]thiazol-2-yl)hydrazine carboxamide (3a–d)

To a warm solution of ethyl(6-substituted-1,3-benzo[d]
thiazol-2-yl)carbamate (one of 2a–d, 0.005 mol) in anhy-
drous methanol (25 mL), hydrazine hydrate (99%, 0.005
mol) was added in a dropwise manner with continuous
stirring. The reaction mixture was then refluxed for 4–6 h
and allowed to attain room temperature. The TLC mon-
itored the completion of the reaction. The reaction mixture
was then cooled in ice-cold condition; the separated solid

was filtered, washed with n-hexane, dried under vacuum to
afford the respective compounds 3a–d.

N-(6-fluorobenzo[d]thiazol-2-yl)hydrazinecarboxamide
(3a)

White pluffy crystals, yield 66.3%, mp 229–232 °C; FTIR
(KBr, cm−1): 3397 (N–H), 1666 (C=O), 1590 (C=N), 812
(C–F), 738 (C–S–C); 1H NMR (400MHz, DMSO-d6, δ,
ppm): 8.68 (s, 1H, NHC=O), 7.88 (s, 1H, H-7 of benzo[d]
thiazole), 7.69–7.64 (d, 2H, J= 8.6 Hz, H-4 and H-5 of
benzo[d]thiazole), 7.02 (s, 1H, C=ONH), 4.22 (m, 2H,
NH2); EIMS m/z: 226.1 (M+).

N-(6-chlorobenzo[d]thiazol-2-yl)hydrazinecarboxamide
(3b)

Colorless crystals, yield 73.4%, mp 242–244 °C; FTIR
(KBr, cm−1): 3368 (N–H), 1674 (C=O), 1602 (C=N), 831
(C–Cl), 755 (C–S–C); 1H NMR (400MHz, DMSO-d6, δ,
ppm): 8.95 (s, 1H, NHC=O), 7.92 (s, 1H, H-7 of benzo[d]
thiazole), 7.56–7.52 (d, 2H, J= 8.5 Hz, H-4 and H-5 of
benzo[d]thiazole), 6.72 (s, 1H, C=ONH), 4.25 (m, 2H,
NH2); EIMS m/z: 244.2 (M++ 2), 242.3 (M+).

N-(6-bromobenzo[d]thiazol-2-yl)hydrazinecarboxamide
(3c)

Beige colored solid, yield 52.9%, mp 216–218 °C; FTIR
(KBr, cm−1): 3402 (N–H), 1657 (C=O), 1595 (C=N), 850
(C–Br), 743 (C–S–C); 1H NMR (400MHz, DMSO-d6, δ,
ppm): 9.12 (s, 1H, NHC=O), 8.03 (s, 1H, H-7 of benzo[d]
thiazole), 7.57–7.54 (d, 2H, J= 8.4 Hz, H-4 and H-5 of
benzo[d]thiazole), 7.08 (s, 1H, C=ONH), 4.21 (m, 2H,
NH2); EIMS m/z: 287.4 (M+).

N-(6-nitrobenzo[d]thiazol-2-yl)hydrazinecarboxamide (3d)

Light yellow solid, yield 57.3%, mp 175–178 °C; FTIR
(KBr, cm−1): 3414 (N–H), 1660 (C=O), 1609 (C=N), 736
(C–S–C). 1H NMR (400MHz, DMSO-d6, δ, ppm): 8.79 (s,
1H, NHC=O), 7.98 (s, 1H, H-7 of benzo[d]thiazole),
7.76–7.73 (d, 2H, J= 8.5 Hz, H-4 and H-5 of benzo[d]
thiazole), 6.47 (s, 1H, C=ONH), 4.13 (m, 2H, NH2); EIMS
m/z: 269.1 (M+).

General procedure for synthesis of 3-amino-N-(6-
substituted-1,3-benzo[d]thiazol-2-yl)-4,5-dihydro-5-oxo-
pyrazole-1-carboxamide (4a–d)

To a solution of N-(6-substituted benzo[d]thiazol-2-yl)
hydrazinecarboxamide (one of 3a–d, 0.003 mol) in DMF
(20 mL), ethyl 2-cyanoacetate (0.339 g, 0.003 mol) was
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added in the presence of catalytic amount of glacial acetic
acid (0.3 mL) and the reaction mixture was refluxed in an
anhydrous condition for 8–12 h (Parashar et al. 2012). The
progress of the reaction was monitored by the TLC. The
reaction mixture was allowed to attain the room tempera-
ture. The mixture was then poured into the ice-cold water.
The resulting solid products (4a–d) were filtered, dried, and
recrystallized from methanol.

3-amino-N-(6-fluoro-1,3-benzo[d]thiazol-2-yl)-4,5-dihydro-
5-oxo-pyrazole-1-carboxamide (4a)

White crystalline solid, yield 51.4%, mp 210–212 °C; FTIR
(KBr, cm−1): 3434, 3387 (NH2), 3256 (N–H), 1703 (C=O
of amide), 1680 (C=O of pyrazol-5-one), 1586 (C=N), 796
(C–F), 741 (C–S–C); 1H NMR (400MHz, DMSO-d6, δ,
ppm): 10.13 (br, s, 1H, NHC=O), 7.93 (s, 1H, H-7 of benzo
[d]thiazole), 7.65–7.62 (d, 2H, J= 7.7 Hz, H-4 and H-5 of
benzo[d] thiazole), 5.16 (s, 2H, NH2), 3.6 (s, 2H, -CH2 of
pyrazol-5-one); EIMS m/z: 293.3 (M+).

3-Amino-N-(6-chloro-1,3-benzo[d]thiazol-2-yl)-4,5-
dihydro-5-oxo-pyrazole-1-carboxamide (4b)

Colorless solid, yield 47.5%, mp 199–202 °C; FTIR (KBr,
cm−1): 3458, 3332 (NH2), 3241 (N–H), 1708 (C=O of
amide), 1673 (C=O of pyrazol-5-one), 1594 (C=N), 815
(C–Cl), 748 (C–S–C); 1H NMR (400MHz, DMSO-d6, δ,
ppm): 10.21 (br, s, 1H, NHC=O), 8.07 (s, 1H, H-7 of benzo
[d]thiazole), 7.79–7.74 (d, 2H, J= 8.2 Hz, H-4 and H-5 of
benzo[d]thiazole), 5.22 (s, 2H, NH2), 3.47 (s, 2H, –CH2 of
pyrazol-5-one); EIMS m/z: 309.4 (M+).

3-Amino-N-(6-bromo-1,3-benzo[d]thiazol-2-yl)-4,5-
dihydro-5-oxo-pyrazole-1-carboxamide (4c)

Yellowish-orange solid, yield 53.0%, mp 189–191 °C;
FTIR (KBr, cm−1): 3477, 3356 (NH2), 3268 (N–H), 1699
(C=O of amide), 1667 (C=O of pyrazol-5-one), 1601
(C=N), 879 (C–Br), 739 (C–S–C); 1H NMR (400MHz,
DMSO-d6, δ, ppm): 9.88 (br, s, 1H, NHC=O), 8.12 (s, 1H,
H-7of benzo[d]thiazole), 7.83–7.80 (d, 2H, J= 8.6 Hz, H-4
and H-5 of benzo[d] thiazole), 5.35 (s, 2H, NH2), 3.34 (s,
2H, –CH2 of pyrazol-5-one); EIMS m/z: 354.2 (M+).

3-Amino-N-(6-nitro-1,3-benzo[d]thiazol-2-yl)-4,5-dihydro-
5-oxo-pyrazole-1-carboxamide (4d)

Cream-yellow solid, yield 55.6%, mp 235–237 °C; FTIR
(KBr, cm−1): 3472, 3351 (NH2), 3233 (N–H), 1715 (C=O
of amide), 1658 (C=O of pyrazol-5-one), 1598 (C=N), 726
(C–S–C); 1H NMR (400MHz, DMSO-d6, δ, ppm): 10.05
(br, s, 1H, NHC=O), 8.09 (s, 1H, H-7 of benzo[d]thiazole),

7.75–7.71 (d, 2H, J= 8.5 Hz, H-4 and H-5 of benzo[d]
thiazole), 5.28 (s, 2H, NH2), 3.52 (s, 2H, –CH2 of pyrazol-
5-one). EIMS m/z: 320.5 (M+).

General procedure for synthesis of3-(4-
substitutedbenzylideneamino)-N-(6-substituted-1,3-
benzo[d]thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-
carboxamide (5a–s)

To a constantly stirred solution of compound (one of 4a–d,
0.001 mol) in anhydrous toluene (50 mL), an appropriately
p-substituted benzaldehydes (0.0012 mol) and glacial acetic
acid (0.3 mL) were slowly added. The reaction mixture was
then heated at reflux temperature for about 13–20 h, until no
water appears (monitored with a Dean stark apparatus). The
solvent was removed in vacuo and the resultant residue was
washed with n-hexane and recrystallized from appropriate
solvent to afford the title compounds (5a–s).

3-(Benzylideneamino)-N-(6-fluorobenzo[d]thiazol-2-yl)-
4,5-dihydro-5-oxo-pyrazole-1-carboxamide (5a)

Yield 68.1%, mp 185–187 °C; FTIR (KBr, cm−1): 3190
(N–H), 3056 (Ar–H), 1689 (C=O of amide), 1657 (C=O of
pyrazol-5-one), 1599 (C=N), 752 (C–S–C);1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.48 (brs, 1H, NH), 9.03 (s, 1H,
CH=N of imine), 8.00 (s, 1H, H-7 of benzo[d]thiazole),
7.89–7.86 (d, 2H, J= 8.6 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.56–7.54 (d, 1H, J= 8.4, Ar–H), 7.45–7.43 (d,
1H, J= 8.2 Hz, Ar–H), 7.34–7.31 (m, 3H, Ar–H), 3.19 (s,
2H, –CH2 of pyrazol-5-one).

13C NMR (101MHz, DMSO-
d6, δ, ppm): 171.7 (C=O of amide), 167.5 (C=O of pyr-
azol-5-one), 162.8 (CH=N of imine), 156.3, 147.5, 130.5,
128.8, 127.9, 127.7, 126, 121.6, 120.8, 114.3, 106.9, 36.2
(CH2 of pyrazol-5-one). EIMS m/z (relative intensity):
382.2 (M++ 1, 23%), 292.2 (100%), 230.1 (12%), 196.6
(34%), 157.0 (22%), 125.2 (38%), 91.8 (17%). HRMS (EI):
for C18H12FN5O2S [M++H], calcd. 382.0694m/z; found,
382.0635m/z.

3-(4-Methoxybenzylideneamino)-N-(6-fluorobenzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(5b)

Yield 55.6%, mp 194–196 °C; FTIR (KBr, cm−1): 3220
(N–H), 3033 (Ar–H), 1688 (C=O of amide), 1665 (C=O of
pyrazol-5-one), 1602 (C=N), 747 (C–S–C); 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.42 (brs, 1H, NH), 9.01 (s, 1H,
CH=N of imine),8.14 (s, 1H, H-7 of benzo[d]thiazole),
7.72–7.69 (d, 2H, J= 8.3 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.41–7.39 (d, 2H, J= 8.2 Hz, Ar–H), 7.18–7.16
(d, 2H, J= 8.8 Hz, Ar–H), 3.86 (s, 3H, OCH3), 3.25 (s, 2H,
–CH2 of pyrazol-5-one). 13C NMR (101MHz, DMSO-d6,
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δ, ppm): 171.1 (C=O of amide), 167.4 (C=O of pyrazol-5-
one), 163.6 (CH=N of imine), 157.4, 147.9, 132.2, 129,
126.6, 124.1, 121.5, 120.5, 113.8, 105.3, 57.5 (OCH3), 35.9
(CH2 of pyrazol-5-one). EIMS m/z (relative intensity):
412.9 (M++ 1, 16%), 411.1 (35%), 381.1 (21%), 292.1
(100%), 230.0 (15%), 195.3 (42%), 158.1 (20%), 124.9
(29%), 91 (33%). HRMS (EI): for C19H14FN5O3S [M++
H], calcd. 413.0086m/z; found, 413.0111m/z.

3-(4-(N,N-dimethylamino)benzylideneamino)-N-(6-
fluorobenzo[d]thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-
carboxamide (5c)

Yield 46.3%, mp 158–160 °C; FTIR (KBr, cm−1): 3297
(N–H), 3064 (Ar–H), 1693 (C=O of amide), 1661 (C=O of
pyrazol-5-one), 1610 (C=N), 746 (C–S–C); 1H NMR (400
MHz, DMSO-d6, δ, ppm): 9.97 (brs, 1H, NH), 8.9 (s, 1H,
CH=N of imine), 8.08 (s, 1H, H-7 of benzo[d]thiazole),
7.68–7.65 (d, 2H, J= 8.7 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.30–7.27 (d, 2H, J= 8.2 Hz, Ar–H), 7.15–7.12
(d, 2H, J= 8.3 Hz, Ar–H), 3.31 (s, 2H, –CH2 of pyrazol-5-
one), 2.92 (s, 6H, N(CH3)2).

13C NMR (101MHz, DMSO-
d6, δ, ppm): 172 (C=O of amide), 168.2 (C=O of pyrazol-
5-one), 163.2 (CH=N of imine), 156.9, 148, 132.7, 129.5,
127.2, 123.2, 121.2, 120.3, 114.2, 106.8, 44.6 (–N(CH3)2),
36.3 (CH2 of pyrazol-5-one). EIMS m/z (relative intensity):
425.3 (M++ 1, 41%), 379.1 (28%), 293.1 (100%), 230.2
(60%), 195.2 (21%), 157.5 (38%), 124.9 (14%), 91.3
(32%). HRMS (EI): for C20H17FN6O2S [M+ +H], calcd.
425.0011m/z; found, 425.0614m/z.

3-(4-Chlorobenzylideneamino)-N-(6-fluorobenzo[d]thiazol-
2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide (5d)

Yield 69.4%, mp 191–194 °C; FTIR (KBr, cm−1): 3252
(N–H), 3080 (Ar–H), 1684 (C=O of amide), 1670 (C=O of
pyrazol-5-one), 1596 (C=N), 729 (C–S–C); 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.09 (brs, 1H, NH), 9.06 (s, 1H,
CH=N of imine), 8.09 (s, 1H, H-7 of benzo[d]thiazole),
7.84–7.82 (d, 2H, J= 8.5 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.38–7.34 (d, 2H, J= 8.7 Hz, Ar–H), 7.08–7.01
(d, 2H, J= 8.5 Hz, Ar–H), 3.50 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm): 172.3
(C=O of amide), 167.8 (C=O of pyrazol-5-one), 162.9
(CH=N of imine), 157.2, 147.8, 130.9, 128.9, 126.9, 124.3,
122.3, 120.7, 113.4, 107.1, 36.1 (CH2 of pyrazol-5-one).

3-(4-Nitrobenzylideneamino)-N-(6-fluorobenzo[d]thiazol-
2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide (5e)

Yield 60.7%, mp 202–206 °C; FTIR (KBr, cm−1): 3302
(N–H), 3069 (Ar–H), 1689 (C=O of amide), 1652 (C=O of
pyrazol-5-one), 1599 (C=N), 736 (C–S–C). 1H NMR (400

MHz, DMSO-d6, δ, ppm): 10.25 (brs, 1H, NH), 8.89 (s, 1H,
CH=N of imine), 8.01 (s, 1H, H-7 of benzo[d]thiazole),
7.82–7.79 (d, 2H, J= 8.2 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.42–7.40 (d, 2H, J= 8.5 Hz, Ar–H), 7.21–7.18
(d, 2H, J= 8.6 Hz, Ar–H), 3.42 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm):172.6 (C=O
of amide), 168.1 (C=O of pyrazol-5-one), 163.1 (CH=N of
imine), 156.3, 147.3, 131.2, 129.3, 127.1, 123.4, 121.9,
120.9, 114.4, 105.5, 35.8 (CH2 of pyrazol-5-one).

3-(Benzylideneamino)-N-(6-chlorobenzo[d]thiazol-2-yl)-
4,5-dihydro-5-oxo-pyrazole-1-carboxamide (5f)

Yield 64.2%, mp 237–239 °C; FTIR (KBr, cm−1): 3279
(N–H), 3044 (Ar–H), 1696 (C=O of amide), 1654 (C=O of
pyrazol-5-one), 1601 (C=N), 733 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.31 (brs, 1H, NH), 8.72 (s, 1H,
CH=N of imine), 7.97 (s, 1H, H-7 of benzo[d]thiazole),
7.66–7.61 (d, 2H, J= 8.7 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.40–7.37 (d, 2H, J= 8.5 Hz, Ar–H), 7.14–7.11
(m, 3H, Ar–H), 3.33 (s, 2H, –CH2 of pyrazol-5-one). 13C
NMR (101MHz, DMSO-d6, δ, ppm): 174.9 (C=O of
amide), 168.2 (C=O of pyrazol-5-one), 163.1 (CH=N of
imine), 155.8, 147.4, 131, 128.2, 127.5, 126.6, 123.9,
120.4, 115.1, 107.3, 37.1 (CH2 of pyrazol-5-one). EIMS
m/z (relative intensity): 398.1 (M++ 1, 26%), 321.6 (13%),
308.4 (100%), 229.8 (62%), 165.4 (37%), 124.4 (19%),
91.4 (27%). HRMS (EI): for C18H12ClN5O2S [M+ +H],
calcd. 398.0405m/z; found, 398.0389m/z.

3-(4-Methoxybenzylideneamino)-N-(6-chlorobenzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(5g)

Yield 50.7%, mp 192–194 °C; FTIR (KBr, cm−1): 3289
(N–H), 3054 (Ar–H), 1672 (C=O of amide), 1645 (C=O of
pyrazol-5-one), 1593 (C=N), 759 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.42 (brs, 1H, NH), 9.06 (s, 1H,
CH=N of imine), 7.95 (s, 1H, H-7 of benzo[d]thiazole),
7.65–7.62 (d, 2H, J= 8.4 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.33–7.30 (d, 2H, J= 8.7 Hz, Ar–H), 7.12–7.08
(d, 2H, J= 8.9 Hz, Ar–H), 3.82 (s, 3H, OCH3), 3.27 (s, 2H,
–CH2 of pyrazol-5-one). 13C NMR (101MHz, DMSO-d6,
δ, ppm): 174.1 (C=O of amide), 168.3 (C=O of pyrazol-5-
one), 161.8 (CH=N of imine), 155.2, 148.3, 131.8, 127.8,
127.4, 125.4, 123.4, 121.3, 120.9, 115.2, 108.8, 58.3
(OCH3), 37.5 (CH2 of pyrazol-5-one). EIMS m/z (relative
intensity): 428.3 (M++ 1, 33%), 323.2 (18%), 307.9
(100%), 230.4 (20%), 165.1 (53%), 126.0 (44%), 91.6
(21%). HRMS (EI): for C19H14ClN5O3S [M++H], calcd.
428.0510m/z; found, 428.0532m/z.
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3-(4-(N,N-dimethylamino)benzylideneamino)-N-(6-
chlorobenzo[d]thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-
carboxamide (5h)

Yield 43.5%, mp 226–228 °C; FTIR (KBr, cm−1): 3260
(N–H), 3061 (Ar–H), 1685 (C=O of amide), 1649 (C=O of
pyrazol-5-one), 1597 (C=N), 738 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.40 (brs, 1H, NH), 8.94 (s, 1H,
CH=N of imine), 8.01 (s, 1H, H-7 of benzo[d]thiazole),
7.60–7.57 (d, 2H, J= 8.3 Hz,H-4 and H-5 of benzo[d]
thiazole), 7.41–7.39 (d, 2H, J= 8.6 Hz, Ar–H), 7.27–7.24
(d, 2H, J= 8.2 Hz, Ar–H), 3.34 (s, 2H, –CH2 of pyrazol-5-
one), 2.79 (s, 6H, N(CH3)2).

13C NMR (101MHz, DMSO-
d6, δ, ppm): 172.7 (C=O of amide), 167.4 (C=O of pyr-
azol-5-one), 162.3 (CH=N of imine), 153.1, 147.6, 130.9,
128.8, 127.5, 125.6, 123.2, 121.6, 120.8, 115.4, 107.8, 42.5
(–N(CH3)2), 35.9 (CH2 of pyrazol-5-one). EIMS m/z
(relative intensity): 441.5 (M++ 1, 19%), 395.2 (32%),
308.1 (100%), 229.7 (72%), 127.2 (24%), 91.1 (30%).
HRMS (EI): for C20H17ClN6O2S [M+ +H], calcd.
441.0925m/z; found, 441.0815m/z.

3-(4-Chlorobenzylideneamino)-N-(6-chlorobenzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(5i)

Yield 58.2%, mp 180–182 °C; FTIR (KBr, cm−1): 3272
(N–H), 3038 (Ar–H), 1697 (C=O of amide), 1653 (C=O of
pyrazol-5-one), 1616 (C=N), 751 (C–S–C). 1H NMR
(400MHz, DMSO-d6, δ, ppm): 10.18 (brs, 1H, NH), 8.65
(s, 1H, CH=N of imine), 8.11 (s, 1H, H-7 of benzo[d]
thiazole), 7.69–7.66 (d, 2H, J= 8.5 Hz, H-4 and H-5 of
benzo[d]thiazole), 7.56–7.54 (d, 2H, J= 8.6 Hz, Ar–H),
7.15–7.12 (d, 2H, J= 8.4 Hz, Ar–H), 3.24 (s, 2H, –CH2 of
pyrazol-5-one). 13C NMR (101MHz, DMSO-d6, δ,
ppm): 173.2 (C=O of amide), 167.7 (C=O of pyrazol-5-
one), 161.5 (CH=N of imine), 153.4, 148.9, 135.2, 133.3,
130.9, 128.9, 127.6, 125.2, 122.9, 121.1, 120.1, 114.9, 33.6
(CH2 of pyrazol-5-one). EIMS m/z (relative intensity):
433.6 (M++ 1, 40%), 395.1 (21%), 308.5 (100%), 230.2
(62%), 123.2 (24%), 91.2 (35%). HRMS (EI): for
C18H11Cl2N5O2S [M++H], calcd. 433.5010m/z; found,
433.5025m/z.

3-(4-Nitrobenzylideneamino)-N-(6-chlorobenzo[d]thiazol-
2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide (5j)

Yield 56.8%, mp 213–216 °C; FTIR (KBr, cm−1): 3264
(N–H), 3026 (Ar–H), 1690 (C=O of amide), 1642 (C=O of
pyrazol-5-one), 1586 (C=N), 740 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.32 (brs, 1H, NH), 8.68 (s, 1H,
CH=N of imine), 8.07 (s, 1H, H-7 of benzo[d]thiazole),
7.87–7.84 (d, 2H, J= 8.3 Hz, H-4 and H-5 of benzo[d]

thiazole), 7.49–7.45 (d, 2H, J= 8.3 Hz, Ar–H), 7.21–7.17
(d, 2H, J= 8.8 Hz, Ar–H), 3.20 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm): 172.2
(C=O of amide), 168.2 (C=O of pyrazol-5-one), 161.9
(CH=N of imine), 154.4, 148.1, 132.6, 132.3, 130.1, 128.3,
126.5, 123.9, 122.6, 121.1, 114.5, 109.9, 35.6 (CH2 of
pyrazol-5-one).

3-(Benzylideneamino)-N-(6-bromobenzo[d]thiazol-2-yl)-
4,5-dihydro-5-oxo-pyrazole-1-carboxamide (5k)

Yield 61.6%, mp 207–209 °C; FTIR (KBr, cm−1): 3304
(N–H), 3082 (Ar–H), 1706 (C=O of amide), 1651 (C=O of
pyrazol-5-one), 1609 (C=N), 759 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.38 (brs, 1H, NH), 8.75 (s, 1H,
CH=N of imine), 8.14 (s, 1H, H-7 of benzo[d]thiazole),
7.72–7.68 (d, 2H, J= 8.4 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.40–7.35 (m, 3H, Ar–H), 7.13–7.10 (d, 2H,
J= 8.7 Hz, Ar–H), 3.44 (s, 2H, –CH2 of pyrazol-5-one).
13C NMR (101MHz, DMSO-d6, δ, ppm): 172.7 (C=O of
amide), 167.4 (C=O of pyrazol-5-one), 162.7 (CH=N of
imine), 153.5, 147.4, 130.8, 128.9, 127.6, 125.8,
123.3, 121.9, 120.4, 115.8, 108.2, 35.9 (CH2 of pyrazol-5-
one).

3-(4-Methoxybenzylideneamino)-N-(6-bromobenzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(5l)

Yield 59.3%, mp 232–235 °C; FTIR (KBr, cm−1): 3281
(N–H), 3047 (Ar–H), 1678 (C=O of amide), 1646 (C=O of
pyrazol-5-one), 1585 (C=N), 735 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.26 (brs, 1H, NH), 8.93 (s, 1H,
CH=N of imine), 7.91 (s, 1H, H-7 of benzo[d]thiazole),
7.57–7.54 (d, 2H, J= 8.6 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.22–7.19 (d, 2H, J= 8.5 Hz, Ar–H), 6.98–6.95
(d, 2H, J= 8.3 Hz, Ar–H), 3.80 (s, 3H, OCH3), 3.43 (s, 2H,
–CH2 of pyrazol-5-one). 13C NMR (101MHz, DMSO-d6,
δ, ppm): 174.7 (C=O of amide), 167.3 (C=O of pyrazol-5-
one), 160.2 (CH=N of imine), 154.2, 147.4, 134.9, 131.2,
127.9, 125.1, 119.8, 114.2, 107.7, 55.4 (OCH3), 39.4 (CH2

of pyrazol-5-one). EIMS m/z (relative intensity): 473.2 (M+

+ 2, 14%), 471.2 (M+, 19%), 394.3 (27%), 352.4 (100%),
257.0 (51%), 167.2 (12%), 124.5 (43%), 91.5 (15%).
HRMS (EI): for C19H14BrN5O3S [M+], calcd. 471.0710
m/z; found, 471.0635m/z.

3-(4-Chlorobenzylideneamino)-N-(6-bromobenzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(5m)

Yield 63.4%, mp 209–211°C; FTIR (KBr, cm−1): 3291
(N–H), 3079 (Ar–H), 1685 (C=O of amide), 1652 (C=O of
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pyrazol-5-one), 1600 (C=N), 748 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm):10.35 (brs, 1H, NH), 8.71 (s, 1H,
CH=N of imine), 8.1 (s, 1H, H-7 of benzo[d]thiazole),
7.79–7.76 (d, 2H, J= 8.6 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.44–7.40 (d, 2H, J= 8.6 Hz, Ar–H), 7.17–7.13
(d, 2H, J= 8.5 Hz, Ar–H), 3.42 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm): 174.6
(C=O of amide), 168.6 (C=O of pyrazol-5-one), 162.3
(CH=N of imine), 155.4, 148.7, 131.2, 128.7, 127.2, 125.6,
123.7, 121.2, 115.2, 107.7, 36.2 (CH2 of pyrazol-5-one).
HRMS (EI): for C18H11BrClN5O2S [M+], calcd. 475.7120
m/z; found, 475.7365m/z.

3-(4-Nitrobenzylideneamino)-N-(6-bromobenzo[d]thiazol-
2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide (5n)

Yield 60.2%, mp 218–220 °C; FTIR (KBr, cm−1): 3287
(N–H), 3058 (Ar–H), 1677 (C=O of amide), 1644 (C=O of
pyrazol-5-one), 1598 (C=N), 732 (C–S–C).1H NMR (400
MHz, DMSO-d6, δ, ppm):10.22 (brs, 1H, NH), 8.95 (s, 1H,
CH=N of imine), 8.03 (s, 1H, H-7 of benzo[d]thiazole),
7.83–7.80 (d, 2H, J= 8.3 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.43–7.41 (d, 2H, J= 8.4 Hz, Ar–H), 7.22–7.19
(d, 2H, J= 8.6 Hz, Ar–H), 3.39 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm): 174.4
(C=O of amide), 167.9 (C=O of pyrazol-5-one), 163.1
(CH=N of imine), 154.2, 147.1, 131.3, 128.2, 127.4, 125.4,
123.3, 120.3, 114.5, 106.6, 37.5 (CH2 of pyrazol-5-one).
HRMS (EI): for C18H11BrN6O4S [M+], calcd. 486.2090
m/z; found, 486.2174m/z.

3-(Benzylideneamino)-N-(6-nitrobenzo[d]thiazol-2-yl)-4,5-
dihydro-5-oxo-pyrazole-1-carboxamide (5o)

Yield 65.5%, mp 179–182 °C; FTIR (KBr, cm−1): 3294
(N–H), 3043 (Ar–H), 1702 (C=O of amide), 1660 (C=O of
pyrazol-5-one), 1603 (C=N), 746 (C–S–C). 1H NMR
(400MHz, DMSO-d6, δ, ppm): 10.20 (brs, 1H, NH), 9.04
(s, 1H, CH=N of imine), 8.02 (s, 1H, H-7 of benzo[d]
thiazole), 7.62–7.59 (d, 2H, J= 8.2 Hz, H-4 and H-5 of
benzo[d]thiazole), 7.41–7.37 (m, 3H, Ar–H), 7.09–7.07
(d, 2H, J= 8.7 Hz, Ar–H), 3.44 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm): 171.6
(C=O of amide), 166.9 (C=O of pyrazol-5-one), 160.7
(CH=N of imine), 155.8, 146.9, 132.3, 131.5, 128.4, 127.6,
125.7, 122.5, 120.1, 114.4, 106, 35.1 (CH2 of pyrazol-
5-one). EIMS m/z (relative intensity): 408.6 (M+, 25%),
360.8 (13%), 319.4 (100%), 258.2 (28%), 181.3
(16%), 125.2 (47%), 91.7 (34%). HRMS (EI): for
C18H12N6O4S [M+], calcd. 408.0544m/z; found, 408.
0618m/z.

3-(4-Methoxybenzylideneamino)-N-(6-nitrobenzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(5p)

Yield 53.2%, mp 212–214 °C; FTIR (KBr, cm−1): 3299
(N–H), 3036 (Ar–H), 1691 (C=O of amide), 1658 (C=O of
pyrazol-5-one), 1596 (C=N), 758 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.37 (brs, 1H, NH), 8.84 (s, 1H,
CH=N of imine), 7.90 (s, 1H, H-7 of benzo[d]thiazole),
7.71–7.68 (d, 2H, J= 8.7 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.34–7.32 (d, 2H, J= 8.4 Hz, Ar–H), 6.98–6.96
(d, 2H, J= 8.7 Hz, Ar–H), 3.86 (s, 3H, OCH3), 3.35 (s, 2H,
–CH2 of pyrazol-5-one). 13C NMR (101MHz, DMSO-d6,
δ, ppm): 173.8 (C=O of amide), 166.7 (C=O of pyrazol-5-
one), 161.4 (CH=N of imine), 154.9, 145.5, 133.6, 132.2,
128.2, 126.3, 125.8, 120.5, 114.9, 105.3, 55.7 (OCH3), 36.2
(CH2 of pyrazol-5-one). EIMS m/z (relative intensity):
438.1 (M+, 18%), 361.4 (15%), 319.5 (100%), 251.4
(31%), 180.6 (54%), 124.8 (23%), 91.6 (22%). HRMS (EI):
for C19H14N6O5S [M+], calcd. 438.0675m/z; found,
438.0727m/z.

3-(4-Chlorobenzylideneamino)-4,5-dihydro-N-(6-
nitrobenzo[d]thiazol-2-yl)-5-oxo-pyrazole-1-carboxamide
(5q)

Yield 63.8%, mp 206–209 °C; FTIR (KBr, cm−1): 3292
(N–H), 3042 (Ar–H), 1681 (C=O of amide), 1650 (C=O of
pyrazol-5-one), 1602 (C=N), 754 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm):10.32 (brs, 1H, NH), 8.98 (s, 1H,
CH=N of imine), 7.93 (s, 1H, H-7 of benzo[d]thiazole),
7.63–7.60 (d, 2H, J= 8.3 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.340–7.36 (d, 2H, J= 8.5 Hz, Ar–H), 7.12–7.08
(d, 2H, J= 8.3 Hz, Ar–H), 3.37 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm): 172.1
(C=O of amide), 167.3 (C=O of pyrazol-5-one), 162.8
(CH=N of imine), 153.8, 147.9, 131.3, 128.4, 127.2, 124.9,
123.2, 120.8, 119.7, 115.4, 35.1 (CH2 of pyrazol-5-one).
HRMS (EI): for C18H11ClN6O4S [M+], calcd. 443.8340
m/z; found, 443.8408m/z.

3-(4-Nitrobenzylideneamino)-4,5-dihydro-N-(6-nitrobenzo
[d]thiazol-2-yl)-5-oxo-pyrazole-1-carboxamide (5r)

Yield 66.3%, mp 198–200 °C; FTIR (KBr, cm−1): 3295
(N–H), 3033 (Ar–H), 1683 (C=O of amide), 1652 (C=O of
pyrazol-5-one), 1597 (C=N), 740 (C–S–C). 1H NMR (400
MHz, DMSO-d6, δ, ppm): 10.36 (brs, 1H, NH), 8.95 (s, 1H,
CH=N of imine), 7.97 (s, 1H, H-7 of benzo[d]thiazole),
7.62–7.59 (d, 2H, J= 8.4 Hz, H-4 and H-5 of benzo[d]
thiazole), 7.41–7.38 (d, 2H, J= 8.4 Hz, Ar–H), 7.19–7.16
(d, 2H, J= 8.2 Hz, Ar–H), 3.39 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm): 174.4
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(C=O of amide), 168.3 (C=O of pyrazol-5-one), 163.7
(CH=N of imine), 155.5, 147.3, 132.2, 128.6, 127.4, 125.2,
123.3, 120.8, 115.3, 104.8, 35.7 (CH2 of pyrazol-5-one).
HRMS (EI): for C18H11N7O6S [M+], calcd. 453.3509m/z;
found, 453.4125m/z.

3-(4-Hydroxybenzylideneamino)-N-(6-nitrobenzo[d]
thiazol-2-yl)-4,5-dihydro-5-oxo-pyrazole-1-carboxamide
(5s)

Yield 55.6%, mp 218–220 °C; FTIR (KBr, cm−1): 3440 (br,
O–H), 3263 (N–H), 3075 (Ar–H), 1711 (C=O of amide),
1662 (C=O of pyrazol-5-one), 1608 (C=N), 747 (C–S–C).
1H NMR (400MHz, DMSO-d6, δ, ppm): 10.35 (brs, 1H,
NH), 9.02 (s, 1H, CH=N of imine), 7.98 (s, 1H, H-7 of
benzo[d]thiazole), 7.64–7.60 (d, 2H, J= 8.5 Hz, H-4 and
H-5 of benzo[d]thiazole), 7.46–7.43 (d, 2H, J= 8.4 Hz,
Ar–H), 7.13–7.11 (d, 2H, J= 8.3 Hz, Ar–H), 5.54 (s, 1H,
OH, D2O exchangeable), 3.56 (s, 2H, –CH2 of pyrazol-5-
one). 13C NMR (101MHz, DMSO-d6, δ, ppm): 174.8
(C=O of amide), 165.3 (C=O of pyrazol-5-one), 160.3
(CH=N of imine), 159.2, 155.1, 147.9, 132.5, 131.2, 129.2,
126.8, 125.1, 123.7, 121.4, 115.1, 106.6, 35.7 (CH2 of
pyrazol-5-one). EIMS m/z (relative intensity): 424.4 (M+,
27%), 408.2 (47%), 363.6 (15%), 319.5 (100%), 249.1
(12%), 180.3 (30%), 125.2 (25%), 91.6 (41%). HRMS (EI):
for C18H12N6O5S [M+], calcd. 424.0600m/z; found,
424.0613m/z.
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Abstract Since time immemorial, turmeric has been

widely marketed and consumed as dietary supplement due

to its diverse medicinal properties. Curcuminoids—com-

prising a mixture of curcumin (CUR), demethoxycurcumin

(DMC), and bisdemethoxycurcumin (BDMC)—are the

prime bioactive constituents of turmeric. However, the

usage of curcuminoids is limited by their chemical insta-

bility. The lack of information on comparative stability

profiles of curcuminoids (in pure and mixture form)

prompted us to study how pure curcuminoids and their

mixtures behave under different stress degradation condi-

tions. The order of stability of curcuminoids when exposed

to acidic, alkaline, and oxidative degradation was found to

be as follows: BDMC[DMC[CUR. While the pure and

mixture forms of curcuminoids were stable against heat,

they completely degraded upon exposure to sunlight. The

degradation extent of curcuminoids (in mixture form) was

substantially less as compared to their pure form; therefore,

this suggested the synergistic stabilizing influence of DMC

and BDMC in the curcuminoids’ mixture.

Keywords Bisdemethoxycurcumin � Curcumin �
Demethoxycurcumin � Stability � Stress degradation

Introduction

Turmeric is a most commonly used spice derived from the

dried rhizomes of Curcuma longa, a perennial herb

belonging to the Zingiberaceae family. In the literature,

turmeric has been widely acknowledged for various phar-

macological activities such as anti-inflammatory, anti-oxi-

dant, antimicrobial, anticancer, hepatoprotective, and

antidiabetic [1, 2]. The bioactivities of turmeric extract

have been attributed to the presence of three phenolic

compounds namely; curcumin (CUR), demethoxycurcumin

(DMC), and bisdemethoxycurcumin (BDMC). These phe-

nolic compounds are collectively known as curcuminoids

or a curcuminoid mixture. In general, it is believed that

CUR, one of the most extensively studied curcuminoids, is

responsible for the therapeutic success of turmeric in a

wide range of disorders [3]. However, the latest literature

has reported DMC and BDMC as having similar or higher

biological activities compared to the CUR. Furthermore, it

is well acknowledged that DMC and BDMC have syner-

gistically enhanced the bioactivities of CUR when they are

the part of curcuminoid mixture [4].

Despite of their wide range of bioactivities, the use of

curcuminoids has been limited by their stability concerns.

Curcuminoids undergo degradation by hydrolysis (acidic or

alkaline), oxidation and photodegradation [5–7]. The

degradation of CUR via a spontaneous autoxidation pro-

cess at physiological pH yields bicyclopentadione as the

major product, while the minor products include; vanillin,

ferulic acid, and feruloyl methane [8, 9]. In addition to this,

a study has shown that curcuminoids are sensitive to light;
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therefore, they are completely decolorized upon exposure

to ultraviolet and visible light. In this study, vanillin,

vanillic acid, ferulic acid, ferulic aldehyde, p-hydroxy

benzaldehyde, and p-hydroxybenzoic acid were identified

as the photodegradation products of curcuminoids [7].

A recent pharmacological study on curcuminoids con-

firmed that the degradation products of CUR are the main

bioactive molecules involved in the execution of biological

effects [10, 11]. As an additive in many different types of

processed food products, curcuminoids are exposed to

various processing conditions including different temper-

atures and pH. This certainly affects the stability and bio-

logical activities of curcuminoids [12]. Hence, it is of

utmost importance to understand degradation behavior of

curcuminoids by exposing them to different stress degra-

dation conditions.

The majority of earlier reported analytical methods have

mainly focused on the quantification of curcuminoids

rather than their stability profiling [13, 14]. To date, the

stability profiling of curcuminoids has largely been based

on high performance liquid chromatography (HPLC) by

using commercial grade curcumin, which is a mixture of

CUR, (75–80%), DMC (15–20%), and BDMC (3–5%) and

in some cases with other drugs [15, 16]. Since curcumi-

noids differ in their chemical structure and have distinct

activities, it is possible to assume that their relative sta-

bilities can vary under different conditions. The stability

studies on CUR, DMC, and BDMC are crucial for under-

standing the implications of the degradation products on

human health. Furthermore, the stability studies may pro-

vide valuable information, relating to the extent to which

these bioactive curcuminoids can retain their health pro-

moting effects. Despite the importance of the information

that could be gained from stability profiling compounds,

there has been limited research on the stability of CUR,

DMC, and BDMC. Therefore, we were prompted by this

realization to study mechanistic insights on how these

bioactive curcuminoids (CUR, DMC, BDMC) behave

under different stress degradation conditions (i.e., acidic,

alkaline, oxidative, photolytic, and thermal degradation).

We herein report the systematic stability studies of pure

and mixture form of curcuminoids by using a RP-HPLC

method with emphasis to understand the influence of

structural features on degradation pattern.

Materials and methods

Chemicals

Standards of CUR (purity 99.33%), DMC (purity 97.50%),

and BDMC (purity 99.36%) were obtained as gift samples

from Sami Labs Ltd. (Bangalore, India). The curcuminoid

mixture (95.14% total curcuminoid content) was also

obtained as gift sample from Kancor Ingredients Ltd

(Kerala, India). HPLC grade acetonitrile and formic acid

were purchased from Fisher Scientific (Mumbai, India).

Purified water was prepared by using Millipore Direct-Q�

3 water purification system (Molsheim, France).

Instrumentation and chromatographic conditions

The HPLC system consisted of Shimadzu LC-20AD

prominence system (Kyoto, Japan) equipped with a LC-

20AD pump, DGU-20A5 degassing unit, SPD-M20A diode

array detector, SIL-20AC HT auto sampler, CBM-20A

communication bus module and CTO-10AS VP column

oven. Data acquisition and analysis was performed by

using a Shimadzu LC solution (version 1.25) software

program. The chromatographic separation was achieved

using Luna C18(2) column (150 9 4.6 mm i.d., 5 lm

particle size, Phenomenex Inc., CA, USA) equipped with a

Phenomenex guard column. The mobile phase consisting

of acetonitrile: 0.1% formic acid (50:50 v/v), pumped at a

flow rate of 0.8 mL/min. The mobile phase was filtered

through 0.45 lm Millex HV� hydrophilic PVDF mem-

brane filters (Millipore, Bedford, USA) and degassed

before use. The column temperature was maintained at

40 �C and injection volume was 10 lL. CUR, DMC, and

BDMC were detected at 425 nm and their degradation

products were detected at 280 nm. The total chromato-

graphic run time was set to 12 min.

Preparation of standard solutions

Stock solutions were freshly prepared in methanol and

stored at 4 �C before HPLC analysis. The concentrations of

individual CUR, DMC, BDMC, and curcuminoid mixture

were 100, 240, 50, and 100 lg/mL respectively. All the

prepared solutions were stored in amber colored volumetric

flasks to protect from light.

Method validation

To ensure the validity of the developed RP-HPLC method,

validation parameters such as system suitability, linearity,

precision, accuracy, limit of detection (LOD), limit of

quantification (LOQ), and robustness was performed in

accordance with the International Conference on Harmo-

nization (ICH) guidelines [17].

Forced degradation studies

Forced degradation studies of CUR, DMC, BDMC, and

curcuminoid mixture were carried out as per ICH recom-

mended stress conditions such as acidic, basic, oxidative,
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thermal, and photolytic conditions [18]. For each degra-

dation study, four samples were prepared as follows: first

was the blank solution stored under normal conditions,

second was the blank subjected to degradation in the

similar manner as the drug solution, third was the zero

time sample containing the drug stored under normal

conditions and fourth was the drug solution subjected to

degradation.

Acid degradation

The acid degradation studies were carried out by transfer-

ring 1 mL of stock solution of CUR, DMC, BDMC, and

curcuminoid mixture to 10 mL amber colored volumetric

flask which contains 1 mL of 1 N hydrochloric acid (HCl)

solution. The flasks were sealed and solution was heated at

80 �C for 2 h. The resultant solutions were cooled to room

temperature, neutralized to pH 7 with 1 N sodium

hydroxide (NaOH) solution. Finally the volume was

adjusted to 10 mL with methanol, filtered through 0.2 lm

syringe filters before injecting into HPLC system for fur-

ther analysis.

Base degradation

The base degradation studies were carried out by taking

1 mL of stock solution of CUR, DMC, BDMC, and cur-

cuminoid mixture in 10 mL amber colored volumetric flask

to which 1 mL of 1 N NaOH solution was added. The

flasks were wrapped and solution was heated at 80 �C for

2 h and cooled. The resultant solutions were then neutral-

ized with 1 N HCl solution and the volume was diluted to

10 mL with methanol. Subsequently, the solutions were

filtered with 0.2 lm syringe filters prior to their injection

into HPLC system.

Oxidative degradation

The hydrogen peroxide (H2O2) induced oxidative degra-

dation studies were performed by transferring 1 mL of

stock solution of CUR, DMC, BDMC, and curcuminoid

mixture to 10 mL amber colored volumetric flask which

contains 1 mL of 30% H2O2 solution. The flasks were

sealed and solution was heated at 80 �C for 2 h and cooled.

The resultant solutions were adjusted to 10 mL with

methanol, filtered through 0.2 lm syringe filters before

injecting into HPLC system for further analysis.

Thermal degradation

Thermal degradation studies were carried out by trans-

ferring 1 mL of stock solutions of CUR, DMC, BDMC,

and curcuminoid mixture to 10 mL amber colored

volumetric flask to which 2 mL of methanol was added.

The flasks were sealed and the solutions were heated at

80 �C for 2 h. Thereafter solutions were cooled; volume

was made up with methanol, filtered through 0.2 lm syr-

inge filters before injecting into HPLC system for further

analysis.

Photodegradation

For photodegradation studies, 1 mL of methanolic stock

solution of CUR, DMC, BDMC, and curcuminoid mixture

were diluted to 10 mL with methanol and transferred into

10 mL transparent volumetric flasks. The flasks were

sealed and exposed to direct sunlight for a time period of

6 h. Finally the solutions were filtered through 0.2 lm

syringe filters before injecting into HPLC system for fur-

ther analysis.

Statistical analysis

All the forced degradation studies were carried out in

triplicates and data were expressed as mean ± SD.

Microsoft excel was used to calculate mean, standard

deviation, % relative standard deviation (%RSD), slope

and correlation coefficient of the experimental data.

Results and discussion

Curcumin is a biphenolic compound having two hydroxyl-

methoxy substituted aromatic rings connected to one

another via a seven-carbon spacer that contains two a, b–

unsaturated carbonyl (or diketo) groups [21]. However, the

number of methoxy groups on phenyl rings in DMC and

BDMC differ with CUR. DMC contains one methoxy

group and BDMC is devoid of the methoxy group. This

difference in chemical structure of these curcuminoids is

not only responsible for their distinct bioactivities, but also

their varied chemical stabilities [4, 19].

An efficient RP-HPLC method was successfully devel-

oped for the determination of stabilities of pure CUR,

DMC, BDMC, and their mixtures under different stress

degradation conditions. The developed method was vali-

dated according to the ICH guidelines and all the validation

parameters were found to be within the acceptance criteria

(Table 1). Under these conditions, sharp and symmetrical

peaks with tailing factor less than 2% were obtained for

CUR, DMC, and BDMC. Moreover, the mixture of the

three curcuminoids was separated with good resolution.

This developed RP-HPLC method was further able to

separate both the curcuminoids and their degradation

products. The chromatograms of pure CUR, DMC, BDMC,

and their mixture at 425 and 280 nm are shown in Fig. 1.
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The retention times were around 7.34, 8.18, and 9.12 min

for pure samples of BDMC, DMC, and CUR respectively.

Almost similar retention times were also observed for these

compounds in a curcuminoids mixture.

Forced degradation studies

The chromatograms of the samples subjected to various

forced degradation conditions such as acid, alkali,

Table 1 Summary of

validation parameters for the

developed HPLC method

Parameter CUR DMC BDMC Acceptance criteria

Retention time (tR, min) 9.12 8.18 7.34 –

Theoretical plates (N) 12,497 11,700 11,133 N[ 2000

Tailing factor (T) 1.06 1.09 1.10 T\ 2.0

Linearity range (lg mL-1) 2–12 4–24 0.5–3 –

Correlation coefficient 0.9997 0.9996 0.9999 C0.990

Slope 101,689 95,773 120,134 –

Intercept -52,674 -66,144 -6386 –

LOD (lg mL-1) 0.22 0.57 0.05 –

LOQ (lg mL-1) 0.66 1.73 0.16 –

Intraday precision (RSD%) 0.13–0.22 1.24–1.39 0.83–1.12 %RSD\ 2.0

Inter day precision (RSD%) 0.24–0.39 0.70–1.38 0.75–1.10 %RSD\ 2.0

Accuracy (% recovery) 99.06–101.74 101.50–101.83 100.83–101.98 98.0–102.0%

Robustness Complies Complies Complies %RSD\ 2.0

Fig. 1 HPLC chromatogram of pure CUR, DMC, BDMC, and curcuminoids mixture at a wave length of (A) 425 nm and (B) 280 nm

M. R. Peram et al.

123



oxidation, heat and direct sunlight are presented in Figs. 2,

3, 4, 5, and 6 respectively. These chromatograms show

resolved peaks for pure CUR, DMC, and BDMC as well as

curcuminoids in their mixture along with some peaks of

degradation products at different retention times. To

identify the peaks due to degradation products, the chro-

matograms of the degraded samples were compared with

the similarly treated blank. The number of degradation

products with their retention times and the percent degra-

dation of pure CUR, DMC, and BDMC as well as their

mixture is highlighted in Table 2.

Acid degradation

The chromatograms of the acid degraded samples of CUR,

DMC, BDMC, and the mixture along with peaks of their

degradation products are shown in Fig. 2. The pure sam-

ples of CUR, DMC, and BDMC displayed percentage

degradations that were around 44.39, 38.75, and 36.84,

respectively. This was in contrast to the curcuminoids in

the mixture that showed 37.52, 21.19, and 20.18 percentage

degradations, respectively. Furthermore, it was observed

that, under acidic conditions, pure CUR undergoes a

slightly higher degradation when compared to DMC and

BDMC. Interestingly, we noticed that there is a decrease in

the percentage degradation of curcuminoids when they are

in a mixture in comparison to their respective pure sam-

ples. By comparing the percentage degradations, it can be

suggested that DMC and BDMC have a stabilizing effect in

curcuminoids mixture. The extent of degradation of cur-

cuminoids was also influenced by temperature. Congruous

to previous reports [20], in this study, the percentage

degradation (in acid) of pure CUR was found to be 44.39%

after 120 min of incubation at 80 �C.

The pH of the medium is one of major factors that

govern the stability of curcuminoids. The curcuminoids

Fig. 2 HPLC chromatograms of (a) blank (b) CUR (c) DMC (d) BDMC, and (e) curcuminoids mixture subjected to acidic degradation using

1 N HCl at 80 �C for 2 h at a wavelength of (A) 425 nm and (B) 280 nm. 1, 2, 3, and 4 represents degradation peaks
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exhibit pH dependent keto-enol tautomerism. In acidic and

neutral medium (i.e., pH 3–7) the keto form dominates and

makes the curcuminoids an extraordinary potent H-atom

donor. While in alkaline medium (i.e., pH[ 8) the enol

form predominates with electron donating property. In

solvated state, at pH\ 1, curcuminoids acquire fully

conjugated protonated form (H4A?), whereas, at acidic

conditions (1 B pH B 7) they are in the neutral form

(H3A). As pH is traversed through alkaline end (pH[ 9),

curcuminoids were in fully deprotonated form (A3-) to

generate highly negatively charged ions which degrade

more rapidly. In general, the extent of degradation of

curcuminoids depends upon the level of deprotonation and

the destruction of the conjugated diene system [21, 22]. In

this study, curcuminoids were in protonated state during

acid degradation studies (1 N HCl, pH\ 1), while they

became deprotonated in basic degradation conditions (1 N

NaOH, pH[ 13). Hence, curcuminoids degradation is

slow in acidic conditions and faster at basic conditions.

Base degradation

The base degraded chromatograms of pure CUR, DMC,

BDMC, and their curcuminoids mixture are shown in

Fig. 3. The percentage degradation of pure CUR (78.57%)

was almost similar to that of CUR in the mixture (78.81%).

However, we have witnessed a sharp decrease in the per-

centage degradation of DMC (61.91%) and BDMC

(50.0%) in mixture when compared to DMC (70.96%) and

BDMC (64.35%) in their respective pure forms. From these

results, it is evident that in both pure and mixture forms,

BDMC was more resistant to alkaline degradation than

CUR and DMC.

The enhanced alkaline degradation of CUR and DMC

could be attributed to the presence of one or more methoxy

groups [6]. The reminiscent mechanism and the role of

methoxy groups in alkaline degradation can be explained

as follows. The alkaline degradation of curcuminoids is

initiated by the deprotonation of one of the three hydroxyl

Fig. 3 HPLC chromatograms of (a) blank (b) CUR (c) DMC (d) BDMC and (e) curcuminoids mixture subjected to base degradation using 1 N

NaOH at 80 �C for 2 h at a wavelength of (A) 425 nm and (B) 280 nm. 1, 2, 3, 4 and 5 represents degradation peaks
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groups followed by their auto-oxidation, thus yielding the

degradation products [23]. The curcuminoids exhibit

almost same extent of deprotonation which is largely due to

hydroxyl groups on the phenyl ring. However, degree of

auto-oxidation may vary depending upon the number of

methoxy groups on phenyl ring. The phenyl methoxy group

not only opens the epoxide but also found to be decisive for

the ability of CUR, DMC, and BDMC to undergo oxidative

transformation [19]. Several previously reported studies

revealed that hydrogen bonding of o-methoxy phenolic

functionality was responsible for the structure, configura-

tion, and its ability to undergo auto-oxidation. The electron

releasing behavior of methoxy group facilitates the easy

transfer of electrons (hydrogen abstraction) from phenolate

anion due to formation of an intramolecular hydrogen bond

between o-methoxy group and phenolic hydrogen. There-

fore, theoretically the auto-oxidation is faster for CUR (two

methoxy groups), slower for DMC (one methoxy group)

while BDMC resistant to auto-oxidize due to lack of

methoxy groups [24]. Oxidative transformation of BDMC

requires catalysis by horseradish peroxide and H2O2 or

potassium ferricyanide. Interestingly, we observed that

there was a moderate degradation for pure BDMC, which

could be attributed due to higher temperature (80 �C for

120 min) employed in this study. However, the percentage

degradation of DMC and BDMC in the mixture was con-

siderably decreased as compared to their pure forms. From

these findings, it is clear that the presence of DMC and

BDMC in curcuminoids mixture might have reduced their

percentage degradation by their synergistic stabilizing

effect [19].

Oxidative degradation

The hydrogen peroxide (H2O2) induced oxidative degraded

chromatograms of pure CUR, DMC, BDMC, and their

curcuminoids mixtures are presented in Fig. 4. The per-

centage degradation of CUR in mixture (79.82%) was

moderately decreased as compared to its pure form

(89.12%). A similar trend was also observed for DMC in

Fig. 4 HPLC chromatograms of (a) blank, (b) CUR, (c) DMC, (d) BDMC and (e) curcuminoids mixture subjected to oxidative degradation

using 30% H2O2 at 80 �C for 2 h at a wavelength of (A) 425 nm and (B) 280 nm. 1, 2, 3, and 4 represents degradation peaks
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mixture (65.86%) in comparison with its pure form

(68.52%). However, there was a significant change in

percentage degradation when pure BDMC was compared

to its mixture form. These results revealed that out of three

curcuminoids tested, BDMC (both pure and mixture)

exhibited more stability for H2O2 induced degradation. The

degradation pattern of curcuminoids (both pure and mix-

ture form) in oxidative (H2O2) degradation studies was

found to be dependent on their anti-oxidant nature. Par-

ticularly, the anti-oxidant property and hydrogen donation

ability of curcuminoids may be due to the presence of

bulky alkyl group at ortho position with respect to phenolic

hydroxyl group [25]. The hydrogen donation in curcumi-

noids occurs at three sites viz., one active methylene group

and two phenolic –OH groups ortho to electron releasing –

OCH3 group. As compared to CUR, DMC possess less

potential for proton donation because it has only one

phenolic –OH group ortho to electron donating –OCH3

group. The proton donation ability of BDMC is least due to

the lack of –OCH3 groups [26]. Moreover, Masuda et al.

have also reported the detailed mechanistic oxidative

degradation of curcuminoids which proceeds via involve-

ment of resonance stabilized radicals. Accordingly, the

intermediate radical formed in case of BDMC degradation

was found to be more stable due to the absence of both –

OCH3 groups [27]. Therefore, among the curcuminoids

BDMC resist the degradation while CUR readily undergoes

oxidative degradation. These observations were in agree-

ment with our experimental results. Furthermore, in the

mixture form of curcuminoids, degradation of CUR was

partially counteracted by the collaborative stabilizing effect

of DMC and BDMC.

Thermal degradation

The pure samples of CUR, DMC, BDMC, and their cur-

cuminoids mixture were subjected to thermal degradation

and the resultant chromatograms are presented in Fig. 5.

Interestingly, we observed the absence of degradation

peaks or no change in the peak area accounting for CUR,

Fig. 5 HPLC chromatograms of (a) blank, (b) CUR, (c) DMC, (d) BDMC and (e) curcuminoids mixture subjected to thermal degradation by

heating at 80 �C for 2 h at a wavelength of (A) 425 nm and (B) 280 nm

M. R. Peram et al.

123



DMC, and BDMC, which clearly suggest that both pure

and mixture forms of curcuminoids were thermally stable.

Generally, curcuminoids were reported to be stable to

heating. However, the degree of their degradation depends

upon the temperature and duration of heating. Several lit-

erature reports indicated that CUR and curcuminoids

mixture could tolerate temperatures ranging from 80 to

85 �C [15, 20]. Nevertheless, the b-diketone linkage in

curcuminoids has been found to be more vulnerable for

thermal degradation at temperatures beyond 100 �C [28].

In our work, both pure and mixture forms of curcuminoids

were stable for thermal degradation at 80 �C for 2 h.

Photo degradation

The pure samples of CUR, DMC, BDMC, and their cur-

cuminoids mixture were exposed to photo degradation

(direct sunlight for 6 h), and the respective chromatograms

are presented in Fig. 6. The results reveal the disappear-

ance of the peaks corresponding to individual and mixture

form of curcuminoids in their respective chromatograms

confirming susceptible character of curcuminoids toward

light. This evidently suggests that the presence or absence

of phenolic (OH) or methoxy (OCH3) groups on phenyl

ring does not have significant influence in degradation.

However, the photo degradation mainly proceeds through

the cleavage b-diketone linkage, which eventually gets

fragmented into smaller phenolic compounds as depicted in

Fig. 7 [21].

In conclusion, the research findings reported herein are

the first ever attempt to understand the relative degradation

behavior of pure curcuminoids in comparison with their

curcuminoid mixture under different forced degradation

conditions. Our research findings suggest that the degrada-

tion pattern among the curcuminoids (both pure and mixture

form) varies with conditions used in forced degradation

studies. It was observed that in both cases of curcuminoids,

CUR was vulnerable for degradation (least stable) while

BDMC was most resistant to degradation (more stable). The

order of stability of curcuminoids to acidic, alkaline, and

oxidative degradation was found to be as follows:

BDMC[DMC[CUR. Both pure and mixture forms of

Fig. 6 HPLC chromatograms of (a) blank, (b) CUR, (c) DMC, (d) BDMC and (e) curcuminoids mixture subjected to photodegradation by

exposing to sunlight for 6 h t at a wavelength of (A) 425 nm and (B) 280 nm. 1, 2, and 3 represents degradation peaks
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curcuminoid were stable against heat while they completely

degraded upon exposure to sunlight. Besides, from this study

it is evident that the presence of DMC and BDMC are

responsible for enhanced stability of curcuminoid mixture as

compared to their pure forms. The precise synergistic sta-

bilizing mechanism of these curcuminoids with more

emphasis on the role of structural elements (diketone moiety,

methoxy groups, and hydroxyl groups) of the curcuminoids,

which are responsible for distinct degradation behavior,

warrants further investigations.
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Abstract Hybrids of bromopyrrole alkaloids with aroyl hydrazone feature were synthesized and

evaluated for their anti-inflammatory activity using the carrageenan induced rat paw edema

method. All the tested hybrids showed good anti-inflammatory activity with 64.78–86.03% inhibi-

tion of edema. Most active hybrids 4b and 4f were further investigated for antihistaminic H1 [4b

�8.09 lg/mL (18.5 lM); 4f �9.26 lg/mL (24.05 lM)] and anti-serotonergic 5-HT3 [4b �7.01
lg/mL (16.04 lM); 4f �9.64 lg/mL (25.04 lM)] activities. Molecule 4f with anti-inflammatory,

anti-histaminic and anti-serotonergic activities emerges as a potential anti-inflammatory lead form

in this study.
ª 2014 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Inflammation is defined as a complex defensive process, in
which the body responds to different injuries, and is character-
ized by the accumulation of local fluids and leukocytes with

the objective of eliminating the noxious stimulus. In patholog-
ical conditions the evolution of persistent tissue damage by
inflammatory cells is not suitably repaired (Nathan, 2002;

Thorlacius and Xie, 1995). Histamine and serotonin are

* Corresponding authors.

E-mail addresses: rajeshrane_uict@yahoo.co.in (R.A. Rane),

karpoormath@ukzn.ac.za (R. Karpoormath).
1 These authors contributed equally for this manuscript.

Peer review under responsibility of King Saud University.

Production and hosting by Elsevier

Arabian Journal of Chemistry (2017) 10, 458–464

King Saud University

Arabian Journal of Chemistry

www.ksu.edu.sa
www.sciencedirect.com

http://dx.doi.org/10.1016/j.arabjc.2014.06.004

1878-5352 ª 2014 King Saud University. Production and hosting by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2014.06.004&domain=pdf
mailto:rajeshrane_uict@yahoo.co.in
mailto:          karpoormath@ukzn.ac.za
http://dx.doi.org/10.1016/j.arabjc.2014.06.004
http://dx.doi.org/10.1016/j.arabjc.2014.06.004
http://www.sciencedirect.com/science/journal/18785352
http://dx.doi.org/10.1016/j.arabjc.2014.06.004


considered to be some of the most important mediators of
inflammation. During inflammation, histamine is involved in
vasodilatation, promotion of leukocyte adhesion to the vascu-

lar endothelium through the expression of P-selectin on the
endothelial cell surface and sequestration of leukocytes at the
inflammatory site (Thorlacius and Xie, 1995; Asako et al.,

1994). Histamine-mediated inflammatory responses have long
been thought to be mediated by the histamine H1 receptor.
Likewise, pro-inflammatory role of serotonin (5-HT) as a

mediator of the pain has been widely investigated. Serotonin
promotes the production of interferon-c by human natural
killer cells. Out of many serotonergic receptors, peripheral
5-HT3 receptors are involved in various nociceptive pathways

(Ye et al., 1997). This subtype of serotonergic receptors also
plays a crucial role in spinal pain transmission as well as
endogenous pain suppression. A large body of evidence impli-

cates the efficacy of 5-HT3 antagonists in various inflamma-
tory conditions including rheumatic diseases (Samborski
et al., 2004).

Carrageenan, a sulphated polysaccharide, produces inflam-
mation and edema. Therefore, carrageenan-induced paw ede-
ma is a well established and broadly used model of acute

inflammation for evaluation of anti-inflammatory activities
of different test substances (Winter et al., 1962). Carrageenan
produces inflammation and edema in two phases. The early
phase is observed around 1 h where the release of histamine,

serotonin, bradykinin and to some extent prostaglandins takes
place. Second phase i.e. the delayed phase (after 1 h) is where
polymorphonuclear (PMN) leucocyte infiltration and the con-

tinuous generation of the prostaglandin occur (Gilligan and
Lovato, 1994; Di Rosa et al., 1971a, 1971b). In addition to
these, release of PMN leucocyte-derived free radicals, nitric

oxide (NO), tumor necrosis factor (TNF-a), and interleukin-
1b (IL-1) also takes place in the delayed phase (Halici et al.,
2007; Nacife et al., 2004).

A diverse set of molecules with different pharmacophores
have been explored in search of novel anti-inflammatory agents
using carrageenan-induced paw edema as a model for acute
inflammation. Among them aroyl hydrazones are known for

having anti-inflammatory activity (Bhandari et al., 2008;
Rajitha et al., 2011). Aroyl hydrazones constitute an important
class of privileged scaffold for new drug development. They are

known to possess a diverse array of biological effects like anti-
convulsant, analgesic, antidepressant, antibacterial, antifungal,
antimalarial and antitumor activities (Gökçe et al., 2009).

We are currently working on the design, synthesis and eval-
uation of bromopyrrole alkaloid-based derivatives as antimi-
crobial and anticancer agents (Rane et al., 2012a,b, 2013a,b,
2014a). Bromopyrrole alkaloids are naturally occurring marine

compounds found inmarine sponges (Rane et al., 2014b). These
alkaloids are reported to have a diverse set of pharmacological
activities like antibacterial, antitubercular (Tasdemir et al.,

2007), anitibiofilm (Richards et al., 2008), antineoplastic
(Xiong et al., 2010; Tasdemir et al., 2002) and antiviral agents
(Paul et al., 1991; Tsuda et al., 2006). Importantly these natural

products also possess H1 anti-histaminic activity, where 1 and
0.1 lM response of histamine was almost completely abolished
by 3 and 10 lM solution of III and IV respectively (Aiello et al.,

2008; Cafieri et al., 1996; Fattorusso and Taglialatela-Scafati,
2000). V and VI were reported as having antiserotonergic
(5-HT3 antagonistic) activity on isolated guinea pig ileum
(Morales and Rodriguez, 1991; Cafieri et al., 1995). Similarly

VII and VIII exhibited their anti-inflammatory potential by
inhibition of P2X7 (Buchanan et al., 2007). (Fig. 1a) Looking
into the pharmacological potential of these reported molecules,

we indulged ourselves in the synthesis and evaluation of hybrids
of bromopyrrole alkaloids with the aroyl hydrazone feature as
anti-inflammatory agents using the carrageenan-induced paw

edema technique. (Fig. 1b) To find out the underlying mecha-
nism of observed anti-inflammatory effect, we screened most
effective hybrids of the series for their histamine H1 and

5-HT3 receptor antagonistic activities by using in-vitro tissue
assays.

2. Methods and materials

2.1. Chemistry

All reactions were carried out under an inert nitrogen atmo-
sphere under anhydrous conditions and by using molecular
sieves (4 Å 1/1600 pellets), ethanol and CAN (acetonitrile) were

freshly distilled from CaCl2. All chromatographic solvents were
distilled before use. Silica gel of 60–120 mesh and 200–400 mesh
was used for column and flash chromatography. Some of the

starting materials were obtained from S.D. Fine Pvt. Ltd.,
SRL, Spectrochem/Aldrich and some of them are prepared in
the laboratory and were used without further purification. All

melting points (MP) were recorded on Thermomik Compbell
electronics, having an oil-heating system and were uncorrected.
Analytical thin layer chromatography (TLC) was carried out

on precoated plates SiO2 (silica gel 60, F 254, Merck). FTIR
spectra were recorded on a Perkin Elmer RX I spectrometer
using KBr pellets. All the NMR spectra were recorded on
JEOL AL-300 FT-NMR spectrometer with DMSO-d6 as sol-

vent using tetramethyl silane (TMS) as internal reference. Mass
spectra were obtained on THERMO FINNINGAN LCQ
advantage max (LCMS). Compounds 1, 2 and 3 were prepared

according to the reported methods (Rane et al., 2012a,b,
2013a,b). Evaporation of final product solutions was done un-
der vacuum with a rotary evaporator.

2.2. Synthesis of 4,5-dibromo-N0-arylidene-1H-pyrrole-2-

carbohydrazide analogs (4)

Appropriate aldehydes (27.5 mmol), and 3 (6, 27.5 mmol), were

stirred in 30 mL absolute ethanol in a round bottomed flask.
1–2 mL of triethylamine was added to the reaction mixture
and was refluxed for 4–7 h. Most of the 4,5-dibromo-1-

methyl-1H-pyrrole-2-carbohydrazide was consumed at this
time (monitored by TLC), the reaction mixture was concen-
trated under reduced pressure and the obtained solid residue

was partitioned between 50 mL water and 50 mL chloroform
to extract 4 in organic layer. Column purification using flash
chromatography (SiO2, 10% MeOH /CHCl3) of the crude

product yielded pure 4,5-dibromo-N0-arylidene-1-methyl-1H-
pyrrole-2-carbohydrazide. The obtained solid was recrystal-
lized from MeOH.

4,5-Dibromo-N0-(furan-2-ylmethylene)-1H-pyrrole-2-car-

bohydrazide (4a) Yield: 78%; m.p.: 188–190 �C; IR (KBr):
Vmax cm�1 1622 (C‚C), 1648 (CH‚N), 1725 (C‚O), 3214
(NH); 1H NMR (300 MHz, DMSO-d6): d 6.62 (s, 1H pyrrole

3H), 6.91–7.33 (m, 3H ArH), 8.21 (s, 1H azometine H),
11.51 (s, 1H CONH), 13.00 (s, 1H pyrrole NH); 13C NMR
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(75 MHz, DMSO-d6): d 157.3, 149.2, 144, 135.6, 126.3, 118.2,
113.2, 112.9, 106.3, 100.2; MS m/z: 359.8908 [M]+, 361.8911

[M+2]+,363.8915 [M+4]+.
4,5-Dibromo-N0-(2,6-dichlorobenzylidene)-1H-pyrrole-2-

carbohydrazide (4b) (Rane et al., 2014a) Yield: 78%; m.p.:

232–234 �C; IR (KBr): Vmax cm�1 1626 (C‚C), 1643
(CH‚N), 1723 (C‚O), 3219 (NH); 1H NMR (300 MHz,
DMSO-d6): d 7.14 (s, 1H pyrrole 3H), 7.52–8.00 (m, 3H

ArH), 8.68 (s, 1H azometine H), 11.84 (s, 1H CONH), 13.08
(s, 1H pyrrole NH); 13C NMR (75 MHz, DMSO-d6): d
157.1, 138.3, 133.6, 129.5, 128.2, 126.3, 114.2, 106.3, 100.2;
MS m/z: 437.8331 [M]+, 439.8335 [M+2]+, 441.8339 [M+4]+.

4,5-Dibromo-N0-(4-(dimethylamino)benzylidene)-1H-pyr-
role-2-carbohydrazide (4c) Yield: 80%; m.p.: 216–218 �C; IR
(KBr): Vmax cm�1 1626 (C‚C), 1640 (CH‚N), 1714
(C‚O), 3214 (NH); 1H NMR (300 MHz, DMSO-d6): d
3.25–3.40 (s, 6H CH3), 7.02 (s, 1H pyrrole 3H), 7.19–7.49
(m, 4H ArH), 8.64 (s, 1H azometine H), 11.54 (s, 1H CONH),
12.96 (s, 1H pyrrole NH); 13C NMR (75 MHz, DMSO-d6): d
157.4, 153.6, 146.3, 128.2, 126.3, 123.6, 114, 112.1, 106.3,
100.3, 41.9; MS m/z: 412.9536 [M]+, 414.9540 [M+2]+,
428.9546 [M+4]+.

4,5-Dibromo-N0-(4-fluorobenzylidene)-1H-pyrrole-2-car-
bohydrazide (4d) (Rane et al., 2014a) Yield: 74%; m.p.: 156–
158 �C; IR (KBr): Vmax cm�1 1612 (C‚C), 1648 (CH‚N),
1722 (C‚O), 3216 (NH); 1H NMR (300 MHz, DMSO-d6): d
7.12 (s, 1H pyrrole 3H), 7.29-7.95 (m, 4H ArH), 8.73 (s, 1H
azometine H), 11.59 (s, 1H CONH), 13.02 (s, 1H pyrrole
NH); 13C NMR (75 MHz, DMSO-d6): d 165.5, 157.2, 146.3,

130.2, 129.2, 126.9, 115.4, 113.2, 106.6, 100.3; MS m/z:
387.9021 [M]+, 389.9024 [M+2]+, 386.9026 [M+4]+.

4,5-Dibromo-N0-(4-hydroxybenzylidene)-1H-pyrrole-2-car-

bohydrazide (4f) (Rane et al., 2014a) Yield: 88%; m.p.: 212–
214 �C; IR (KBr): Vmax cm�1 1624 (C‚C), 1643 (CH‚N),
1719 (C‚O), 3222 (NH), 3452 (OH); 1H NMR (300 MHz,

DMSO-d6): d 6.82 (s, 1H pyrrole 3H), 6.85 -7.56 (m, 4H
ArH), 8.23 (s, 1H azometine H), 9.93 (s, 1H OH), 11.34 (s,
1H CONH), 12.84 (s, 1H pyrrole NH); 13C NMR (75 MHz,
DMSO-d6): d 160.3, 157.6, 146.2, 130.2, 126.9, 126.3, 116.2,
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114.1, 106.5, 100.3; MS m/z: 385.9065 [M]+, 387.9067 [M+2]+,
389.9071 [M+4]+.

4,5-Dibromo-N0-(thiophen-2-ylmethylene)-1H-pyrrole-2-

carbohydrazide (4j) Yield: 78%; m.p.: 230–232 �C; IR (KBr):
Vmax cm�1 1626 (C‚C), 1632 (CH‚N), 1716 (C‚O), 3228
(NH); 1H NMR (300 MHz, DMSO-d6): d 6.47 (s, 1H pyrrole

3H), 6.90-7.47 (m, 4H ArH), 8.16 (s, 1H azometine H), 11.21
(s, 1H CONH), 12.92 (s, 1H pyrrole NH); 13C NMR
(75 MHz, DMSO-d6): d 157.6, 144.5, 130.1, 128.1, 127.6,

126.2, 124.9, 113.9, 106.5, 100.1; MS m/z: 375.8678 [M]+,
377.8681 [M+2]+, 379.8683 [M+4]+.

4,5-Dibromo-N0-(3,4-dimethoxybenzylidene)-1H-pyrrole-2-
carbohydrazide (4l) (Rane et al., 2014a) Yield: 85%; m.p.: 134-

136 �C; IR (KBr): Vmax cm�1 1622 (C‚C), 1643 (CH‚N),
1716 (C‚O), 3234 (NH); 1H NMR (300 MHz, DMSO-d6): d
3.25 (s, 3H OCH3), 3.40 (s, 3H OCH3), 6.76 (s, 1H pyrrole

3H), 7.07 �7.50 (m, 3H ArH), 8.19 (s, 1H azometine H),
11.26 (s, 1H CONH), 12.91 (s, 1H pyrrole NH); 13C NMR
(75 MHz, DMSO-d6): d 157.6, 152.2, 149.6, 145.9, 132.2,

126.5, 122.1, 114, 112.1, 109.6, 105.9, 100.6, 56.2; MS m/z:
429.9329 [M]+, 431.9332 [M+2]+, 433.9336 [M+4]+.

4,5-Dibromo-N0-(2,5-dihydroxybenzylidene)-1H-pyrrole-2-

carbohydrazide (4n) Yield:80%; m.p.: 230–232 �C; IR (KBr):
Vmax cm�1 1621 (C‚C), 1642 (CH‚N), 1719 (C‚O), 3229
(NH), 3480 (OH); 1H NMR (300 MHz, DMSO-d6): d 6.77
(s, 1H pyrrole 3H), 6.91–7.29 (m, 3H ArH), 8.14 (s, 1H azome-

tine H), 9.29 (s, 1H 5-OH), 9.47 (s, 1H 2-OH), 11.33 (s, 1H
CONH), 12.95 (s, 1H pyrrole NH); 13C NMR (75 MHz,
DMSO-d6): d 157.2, 153.6, 151.9, 146.9, 126.5, 120.2, 118.9,

116.1, 113.6, 106.2, 100.3; MS m/z: 401.9018 [M]+, 403.9019
[M+2]+, 405.9021 [M+4]+.

2.3. Pharmacological evaluation

2.3.1. Animal

Male Wistar rats (150 to 200 g; 10 to 12 weeks old) were used
in the study. The animals were housed in polyacrylic cages
(38 · 23 · 10 cm) with not more than four rats per cage and
acclimatized to the laboratory conditions before randomiza-

tion. They were housed in an air-conditioned room and were
kept in standard laboratory conditions under natural light
and dark cycles (approximately 14 h light: 10 h dark) main-

tained at humidity of 50 ± 10% and an ambient temperature
of 25 ± 2 �C. The study protocol was reviewed and approved
by the Institutional Animal Ethics Committee and conforms to

the Indian National Science Academy Guidelines for the Use
and Care of Experimental Animals in research.

2.3.2. Anti-inflammatory activity

This study was done according to the procedure of Winter
(Winter et al., 1962). Animals were fasted with free access to
water at least 12 h prior to experiments and randomly divided

into groups with six animals in each group. The paw edema
was induced by sub-plantar injection of 50 lL of 1% carra-
geenan solution in 0.9% saline. Indomethacin and the test
compounds were dissolved in DMSO and were injected subcu-

taneously in a dose of 40 mg/kg body weight 1 h prior to car-
rageenan injection. The control group was prepared with 1 mL
of vehicle (0.9% saline and DMSO). The paw edema volume

was measured with a digital plethysmometer immediately at,
1, 2, and 4 h after injection of carrageenan. Results are re-

ported as paw volume expressed in milliliters. Paw edema vol-
ume was compared with the vehicle control group and percent
anti-inflammatory activity was calculated according to the for-

mula as given below. The result is expressed as percentage inhi-
bition of edema over the untreated control group. The result of
anti-inflammatory analysis is reported in Table 1.

The percentage inhibition ¼ 1� ðEdema volume in the drug treated group

=Edema volume in the control groupÞ � 100:

2.3.3. In vitro H1-antihistaminic and 5HT3-antiserotonergic
activity: (Isolated guinea pig ileum method)

In vitroH1-antihistaminic and 5HT3-antiserotonergic activities
were carried out by using the isolated guinea pig ileum method

(Day and Vane, 1963). From the graphical presentation of log-
arithmic doses of test compounds and their corresponding
antagonists, IC50 of the agonist response was determined.

Mepyramine maleate and Ondansetron hydrochloride were
used as standard antihistaminic and antiserotonergic agents,
respectively.

2.4. Statistical analysis of data

Data obtained from animal experiments were expressed as

mean standard error (±SEM). Statistical differences between
the treatments and the control were evaluated by ANOVA
and Dunnet tests. p< 0.05 was considered to be statistically
significant. [*p < 0.05; **p< 0.01; ***p< 0.001].

3. Results and discussion

3.1. Chemistry

Aroyl hydrazones were synthesized as depicted in the Scheme 1.

Compounds 1, 2 and 3 were already reported by us in our pre-
viously communicated papers (Rane et al., 2012a,2b, 2013a,b).
The aroyl hydrazone derivatives were synthesized by refluxing

equimolar amounts of 3 with aryl/heteroaryl aldehydes in
the presence of triethylamine in ethanol to give the desired
4,5-dibromo-N0-arylidene-1H-pyrrole-2-carbohydrazide ana-

logs 4 (Scheme 1).
The spectral data (IR, 1H NMR, 13C NMR and MS) of the

synthesized compounds were in complete agreement with
the proposed structures. [M]+ Molecular ion peak confirmed

the molecular weight of the compounds while [M+2]+ and
[M+4]+ peaks confirmed the presence of two bromine atoms
in these molecules. The 1H NMR spectra of all compounds

4a–4n showed single at d 12.8–13.0 corresponding to N–H of
the pyrrole core. Proton at the third position of the pyrrole
core resonates at d 6.1–7.1 N–H proton of -CONHN‚CH-

group resonates in between d 11.2 – 11.5. The azometine pro-
ton to which the aromatic ring B is attached showed a singlet
at around d 8.1–8.7. The aryl protons of ring B resonates in the
range of d 6.9–7.9.

3.2. Pharmacological activity

In present study, preliminary screening of the synthesized hy-

brids was carried out using carrageenan-induced paw
edema as model of inflammation in rats at a dose of 40 mg/kg
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(Winter et al., 1962). The biological results are given in Table 1.
All the synthesized hybrids exhibited moderate to good anti-
inflammatory activity with 64.78–86.03% inhibition of carra-

geenan-induced paw edema. The hybrid with para-hydroxyl
substitution at ring B (4f, 86.03%) has shown highest activity
in the series close to standard Indomethacin (87.26%). Signif-

icant anti-inflammatory activities showed by hybrids 4c

(68.89%) and 4f (86.03%) indicated that the presence of sub-
stituents like hydroxyl and N, N-dimethylamino at the para-
position of the phenyl ring is beneficial for activity. Among

the heterocyclic congener of ring B, furan substituted hybrid
4a showed better anti-inflammatory activity (79.57%) com-
pared to its thiophen substituted analog 4j (67.61%). Substitu-

tion of phenyl ring at 2 and 6-positions with the chloro group
is beneficial for anti-inflammatory activity (4b, 85.07%). Fur-
ther, anti-inflammatory potential of most active hybrids 4f

was validated by evaluating its starting materials; 4-hydroxy-
bezaldehyde and 4,5-dibromopyrrole-2-carbohydrazide for
inhibition of carrageenan-induced paw edema. Both of them

exhibited lower anti-inflammatory activity (edema inhibition
<40%). Phenolic compounds are well known for their anti-
inflammatory potential (Lee et al., 2006). High activity of 4f
may be attributed to the presence of phenolic substitution at

the ring B position. Considering the antihistaminic H1 and
antiserotonergic HT3 potentials of reported bromopyrrole
alkaloid molecules and with a goal to investigate the underly-

ing mechanism of anti-inflammatory action of synthesized hy-
brids, most active compounds of the series, 4b and 4f were
evaluated for H1-antihistaminic and 5HT3-antiserotonergic

activities. H1-antihistaminic activity, IC50 of the 4b and 4f

derivatives were 8.09 (18.5 lM) and 9.26 lg/mL (24.05 lM),
respectively, while from the 5HT3-antiserotonergic activity
analysis, IC50 of the 4b and 4f compounds was found to be

7.01 (16.04 lM) and 9.64 lg/mL (25.04 lM), respectively.
The standard drug Mepyramine displayed IC50 at 0.040 lM,
while Ondansetron showed IC50 at 0.24 lM. These studies

provide a novel lead molecule 4f with anti-inflammatory,
anti-histaminic and anti-serotonergic activities for further drug
development.

4. Conclusions

In this work, we have prepared a series of bromopyrrole alka-

loid hybrids with aroyl hydrazone feature. The synthesized hy-
brids were found to possess potent anti-inflammatory

Table 1 Anti-inflammatory activity of hybrids in carrageenan-induced rat paw model.a,b

Hybrid code Treatment

(n= 6) 1 h 2 h 4 h

R Swelling % inhc Swelling % inhc Swelling % inhc

Control 3.09 ± 0.10 – 3.87 ± 0.09 – 4.82 ± 0.10 –

4a Furan- 2.63 ± 0.06* 57.14 2.80 ± 0.08* 69.00 2.35 ± 0.10* 79.57

4b 2,6-Dichlorophenyl- 2.40 ± 0.07* 55.06 2.60 ± 0.09* 60.00 2.10 ± 0.06* 85.07

4c (4-Dimethylamino) phenyl- 2.88 ± 0.10 40.74 3.15 ± 0.12 45.07 2.71 ± 0.07* 68.89

4d 4-Fluorophenyl- 2.55 ± 0.08* 37.99 2.40 ± 0.08* 38. 01 2.70 ± 0.15* 64.78

4f 4-Hydroxyphenyl- 2.63 ± 0.09* 64.89 2.70 ± 0.10* 63.98 2.09 ± 0.11* 86.03

4j Thiophen- 2.71 ± 0.11* 63.36 2.71 ± 0.16* 63.87 2.41 ± 0.08* 67.61

4l 3,4-Dimethoxyphenyl- 2.92 ± 0.04 52.30 3.72 ± 0.05 48.15 4.15 ± 0.08 67.14

4n 2,5-Dihydroxyphenyl-Indomethacin 2.93 ± 0.09 53.41 3.69 ± 0.06 45.15 4.29 ± 0.11 65.11

2.48 ± 0.18* 70.2 2.42 ± 0.15* 78.30 2.29 ± 0.15* 87.26

* p< 0.05 versus saline control; n= 6.
a Values are expressed as mean ± SEM in carrageenan-induced rat model of paw edema.
b Indomethacin and test compounds were administered orally at the dose of 40 mg/kg.
c The percentage inhibition = 1 � (Edema volume in the drug treated group/Edema volume in the control group) · 100.
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activities. Most active anti-inflammatory hybrids 4b and 4f

were further screened for their H1-antihistamic and 5-HT3

antiserotonergic potentials and were found to be active

(H1-antihistamic activity: 4b IC50 = 8.09 lg/mL and 4f

IC50 = 9.26; 5-HT3 antiserotonergic activity: 4b IC50 = 7.01
lg/mL and 4f IC50 = 9.64 lg/mL). Hence from this study we

can conclude that H1-antihistamic and 5-HT3 antiserotonergic
effects may be responsible for the anti-inflammatory activities
of these hybrids.
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ABSTRACT		

In	this	research	work,	we	studied	the	effect	of	alcoholic	extract	of	plant	Premna	latifolia	(leaves)	on	the	enzymes	
associated	with	metabolism	of	carbohydrate	and	lipid	in	the	rats	models	with	induced	diabetes	employing	Strep-
tozotocin.	Administration	of	alcoholic	extract	of	Premna	latifolia	was	made	to	these	diabetic	rats	at	doses	of	100	
mg/kg	and	200	mg/kg	once	a	day	 for	 three	weeks.	Various	changes	 specifically,	glucose	 levels	 in	blood,	 insulin,	
total	 cholesterol	 content	 in	 serum,	 triglycerides,	High	Density	 Lipoprotein	 levels,	 Low	Density	 Lipoprotein	 levels	
along	with	variations	in	the	body	weight	were	measured.	Numerous	enzymes	involved	in	the	metabolism	of	car-
bohydrate	 and	 lipids	 viz.	 amylase,	 lipase,	 Aldolase,	 Glucose-6-phosphatase,	 Phosphogluco	 isomerase,	 Fructose-
1,6-diphosphatase,	and	Glucose-6-phosphate	dehydrogenase	have	been	evaluated.	Further,	 the	histopatholgical	
changes	in	pancreas	have	been	studied	and	reported.	This	study	substantiates	that	the	alcoholic	extract	of	Premna	
latifolia	normalizes	the	blood	glucose,	 insulin,	 lipid	profile	by	regulating	pancreatic	and	hepatic	enzyme	levels	 in	
diabetic	rats.	Alcoholic	extract	of	Premna	latifolia	lowers	glucose	and	lipid	levels	in	the	blood	of	diabetic	rats.		

Keywords:	Antidiabetic;	Premna	latifolia;	Glucose-6-phosphatase;	Insulin;	streptozotocin;	Pancreatic	b-cells.	

INTRODUCTION	

Diabetes	 Mellitus	 (DM)	 is	 one	 among	 the	 metabolic	
disorders	 contributing	 majorly	 for	 the	 global	 health	
burden.	It	severely	affects	the	functions	of	various	vital	
organs	 like	 heart,	 kidneys,	 eyes,	 blood	 vessels	 and	
nerves.	 In	2000,	 the	diabetic	 incidences	were	estimat-
ed	globally	in	various	age	groups,	evidently	the	number	
of	people	suffering	was	found	to	be	171	million	and	the	
toll	 is	projected	 to	climb	by	366	million	 till	 the	end	of	
2030	(Shaw	et	al.,	2010).	Every	year,	there	are	1.5	mil-
lion	reported	deaths	worldwide	due	to	diabetes.	As	per	
the	 report	 of	 World	 Health	 Organization	 (WHO),	 in	
India	 alone,	 nearly	 about	 31	million	 people	 have	 suf-
fered	with	diabetes	in	the	year	2000	and	in	the	future	
it	is	expected	to	rise	up	to	79	million	by	2030.	Present-
ly,	4	to	11.6%	of	urban	and	3%	of	the	rural	population	
above	the	age	of	15	years	 in	 India	are	 identified	to	be	
diabetic.	 Type	 2	 DM	 is	 characterized	 hyperglycemia,	
due	 to	 altered	metabolism	of	 carbohydrates,	 proteins	
and	 lipids	 resulting	 from	 defective	 insulin	 secretion,	
insulin	action	or	insulin	resistance	and	pancreatic	β	cell	
dysfunction.	Persistent	hyperglycemia	can	 lead	to	dys-
functioning	or	 failure	of	various	organs.	DM	is	also	as-
sociated	with	hypercholesterolemia,	an	 renowned	risk	

factor	 known	 to	 cause	 coronary	and	peripheral	 artery	
diseases	(Barar,	2000).	The	DM	covers	a	wide	range	of	
pathological	 consequences.	 Diabetic	 neuropathy	 (DN),	
a	major	 chronic	 problem	 in	 type	 1	 along	 with	 type	 2	
diabetes,	 is	marked	by	defect	 in	 the	 functions	of	both	
afferent	 and	 efferent	 nerves.	 Diabetes	 causes	 nerve	
dysfunction,	 slowing	 nerve	 conduction	 velocity,	 ab-
normal	thermal	perception	and	degeneration	of	nerves	
(HPSCG	2002;	Bell	 et	 al.,	 1998).	Numbness,	 tingling	of	
extremities,	loss	of	urinary	bladder	control,	mouth	and	
eyelid	 drooping,	muscle	weakness	 and	 speech	 impair-
ment	etc.	are	among	the	symptoms	of	DN.		

Oral	hypoglycemic	agents	used	to	treat	DM	causes	dif-
ferent	 side	 effects	 like	 hematological	 effects	 and	 af-
fects	the	functions	of	vital	organs	 like	 liver	and	kidney	
(Manisha	et	al.,	2007).	Also,	there	is	no	perpetual	cure	
for	 diabetic	 neuropathy	 however,	 symptomatic	 treat-
ments	 have	 shown	 limited	 success.	Worldwide	 now	 a	
day,	numbers	of	medicinal	plants	have	been	 reported	
and	are	useful	for	treating	DM.	WHO	suggests	the	use	
of	traditional	plants	for	treating	DM,	as	they	are	effec-
tive,	nontoxic	with	little	or	no	side	effects,	and	are	also	
excellent	candidates	for	oral	therapy.	

Premna	 latifolia	 (Family:	 Verbinacae):	 A	 small	 tree,	
growing	 in	 the	 regions	 of	 south	 India	 and	 Bengal.	 As	
per	 traditional	 claims,	 leaves	 are	 used	 as	 Antidiabetic	
(Ayyanar	 et	 al.,	 2008),	 diuretic	 and	 spasmolytic.	 Stem	
barks	 are	 used	 as	 hypoglycemic	 and	 other	 parts	 of	
plant	Premna	latifolia	have	been	claimed	to	be	used	in	
fever,	 fomentation	 in	piles,	glandular	swelling,	muscu-
loskeletal	 disorder	 and	 rheumatism.	 Premna	 latifo-
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lia	has	been	reported	for	anti-inflammatory	and	antiox-
idant	activity	properties.	However,	beneficial	effects	in	
diabetes	 lack	 scientific	 data	 to	 substantiate	 the	 tradi-
tional	claim.	Therefore,	the	present	research	work	was	
carried	 out	 to	 assess	 antidiabetic	 and	 antihyper-
lipidemic	potentials	of	alcoholic	extract	of	Premna	lati-
folia	 (EEPL)	 leaves	 in	 streptozotocin	 (STZ)	 -	 induced	
diabetic	rats.	

MATERIALS	AND	METHODS	

Collection	of	plant	material	

Leaves	 of	Premna	 latifolia	 collected	 from	 neighboring	
places	 of	 Udupi.	 (Dist.	 Dakshina	 Kannada,	 Karnataka).	
Identification	 of	 plant	 materials	 was	 done	 by	 Dr.	 M	
Jayaraj,	 Professor	 Botany	Department,	 Karnataka	Uni-
versity	 at	 Dharwad	 and	 authenticated	 (voucher	 speci-
men	 RMRC-967)	 by	 Dr.	 H.	 Hegde,	 Scientist,	 RMRC,	
ICMR,	Belagavi.	 The	 sample	of	 plant	 is	 kept	 in	 at	 that	
center	for	the	further	reference.	

Plant	extract	

Premna	latifolia	plant	 leaves	are	washed	using	normal	
tap	water	and	dried	in	shadow.	Size	reduced	to	coarse	
powder	and	passed	through	sieve.	For	standardization	
of	 extraction	 –	 4g	 of	 coarse	 leaves	 powder	 was	 ex-
tracted	separately	with	100	mL	of	different	concentra-
tion	of	ethanol	(hydro	alcohol)	60%,	70%	and	80%.	The	
yield	was	found	to	be	4.30%,	5.55%	and	4.85%	respec-
tively.	 70%	ethanol	 gives	maximum	yield	 it	was	 taken	
for	 bulk	 extraction.	 Shade	 dried	 coarsely	 powdered	
leaves	were	extracted	using	70%	of	ethanol	 in	soxhlet	
extractor	by	hot	continuous	percolation	method,	 then	
filtered,	 concentrated	 in	 low	 pressure	 by	 a	 rotary	
evaporator	maintaining	40	°C	and	dried	completely	on	
hot	water	bath	till	no	solvent.	Dried	extract	was	stored	
in	proper	container	and	used	in	this	study.		

Drug	solutions	

Citrate	buffer	with	pH	4.5	was	used	to	dissolve	STZ;	this	
was	 used	 to	 induce	 diabetes.	 Freshly	 prepared	 1%	
Tween	80	solution	was	used	to	prepare	glibenclamide,	
EEPL	 solutions	 and	 were	 used	 as	 standard	 and	 test	
drug	for	the	further	pharmacological	studies.		

Preliminary	phytochemical	screening	

Phytochemical	 investigations	 is	 performed	 (Kokate	 CK	
et	 al.,	 1994;	 Harborne	 JB	 et	 al.,	 2007)	 to	 identify	 the	
occurrence	of	steroids,	carbohydrates,	proteins,	amino	
acids,	 triterpenoids,	 alkaloids,	 tannins,	 glycosides,	 fla-
vonoids	 and	 phenolic	 class	 of	 compounds	 in	 the	 EEPL	
leaves.	

Chemicals	

From	 Sisco	 Research	 Laboratories,	 Pvt.	 Ltd.	 Mumbai,	
we	 purchased	 streptozotocin.	 Commercial	 diagnostic	
kits	required	to	estimate	biochemical’s	like	lipid	profile,	
enzymes	level	etc.	were	purchased	from	Erba	Diagnos-
tic	Pvt.	Ltd.	The	drug	Glibenclamide	was	procured	from	
Elegant	Pharma,	Hubballi,	Karnataka,	India.	All	the	rea-

gents	 procured	 were	 of	 analytical	 grade	 from	 local	
suppliers	at	Hubballi,	Karnataka,	India.	

Animals	

Wistar	 albino	 rats	 of	 both	 sex	 (150-200g)	 obtained	
from	Venkateshwara	Enterprises,	Bengaluru,	India.	The	
animals	 are	 placed	 in	 a	 room	at	 22	 ±	 2	 °C	with	 equal	
hours	of	natural	 light	and	dark	cycle.	Standard	 labora-
tory	chow	and	water	ad	 libitum	was	given	 to	animals.	
Rats	 were	 randomly	 selected	 for	 different	 experi-
mental	groups	after	seven	days	of	acclimatization.	The	
experimental	 protocols	 were	 reviewed	 and	 approved	
by	 IAEC	 (Proposal	 No.:	 KLEU’s-09-IAEC-HBL-31/Aug	
2013)	in	accordance	with	CPCSEA	norms.		

Acute	toxicity	study		

Acute	 oral	 toxicity	 studies	 were	 performed	 by	 using	
female	albino	mice	(18-25	g)	following	standard	guide-
lines	 recommended	by	Organization	 for	 Economic	Co-
operation	 and	Development	 (OECD,	 423).	 Doses	were	
prepared	using	distilled	water	and	tween	80	(1%).	The	
dose	of	EEPL	was	administered	2	g/kg	body	weight	and	
food	was	refrained	for	4	h.	Observation	of	animals	was	
done	at	0.5,	1,	2,	3,	4,	24	h	and	once	daily	intervals	for	
14	days.		

Induction	and	assessment	of	diabetes	

STZ	 (55	mg/kg	 body	weight)	was	 administered	 by	 i.p.	
route	 to	 overnight	 fasted	 animals.	 Animals	 were	 per-
mitted	 to	 drink	 5%	 glucose	 solution	 to	 prevent	 low	
blood	glucose	 level	due	to	the	STZ.	Control	group	ani-
mals	 were	 injected	 with	 the	 same	 volume	 of	 Citrate	
buffer	 of	 pH	 4.5.	 After	 3	 days	 of	 STZ	 administration,	
blood	was	withdrawn	from	fasted	animals	by	the	retro-
orbital	 plexus	 using	 isoflurane	 anesthetic.	 Animals	 of	
serum	glucose	level	more	than	250	mg/dL,	were	meas-
ured	 as	 diabetic	 and	 incorporated	 in	 further	 study.	
(Glucose	estimation	kit	-	Erba	Diagnostics)		

Experimental	design	

Evaluation	of	extract	in	STZ-	induced	diabetic	rats:	

The	animals	were	divided	into	following	groups:	

Group	 I:	Normal	 control	 -	 receive	 1%	 Tween	 80	 (5	
ml/kg.,	p.o.)	
Group	II:	Diabetic	control	-	receive	STZ	(55	mg/kg.,	i.p.).	
Group	 III:	Diabetic	 -	 treated	 with	 Glibenclamide	 (5	
mg/kg.,	p.o.)	
Group	 IV:	Diabetic	 -	 treated	 with	 EEPL	 (100	 mg/kg.,	
p.o.).	
Group	 V:	Diabetic	 -	 treated	 with	 EEPL	 (100	 mg/kg.,	
p.o.).	

The	 vehicle,	 glibenclamide	 and	 extract	 solutions	were	
administered	to	the	respective	group	of	animals	by	oral	
gavages	one	time	in	a	day	for	three	weeks.	Serum	glu-
cose	was	measured	 before	 induction	 and	 after	 induc-
tion	of	diabetes	on	3rd,	10th,	17th	and	24th	day.	On	the	
last	 day	 the	 animals	 were	 fasted	 and	 sacrificed	 using	
mild	anesthesia.	Serum	was	stored	at	-20	°C	and	used	
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for	 further	 investigation	 (Vats	 et	 al.,	 2003).	 Effect	 of	
EEPL	on	body	weight	 in	STZ-induced	diabetic	 rats	was	
also	 studied.	 The	 pancreas	 and	 liver	 tissues	were	 col-
lected	and	the	same	was	used	for	biochemical	estima-
tions	 and	 histopathological	 studies.	 The	 liver	 tissue	
(10%	w/v)	was	homogenized	with	0.1	M	Tris-HCl	buffer	
of	pH	7.4	after	washing	in	cold	saline	followed	by	blot-
ting	it	on	filter	paper.	This	tissue	homogenate	was	cen-
trifuged	 for	 15	 min,	 at	 normal	 temperature	 at	 3000	
rpm.	The	obtained	supernatant	was	stored	at	2	 °C	 for	
biochemical	analysis	like	lipid	profile,	insulin	level,	sug-
ar	and	fat	metabolizing	enzymes.		

Biochemical	analysis	

Lipase	 enzyme	 was	 measured	 by	 one	 hour	 period	 of	
hydrolysis	method	 (Roe	et	 al.,	 1963).	 Serum	 insulin	 in	
rat	 was	 estimated	 using	 enzyme-linked	 immuno-
sorbent	 assay	 (ELISA)	 kit.	 Assay	 of	 glucose-6-
phosphatase	 (G6Pase)	enzyme	activity	was	performed	
as	per	reported	method	(Cori	et	al.,	1952).	While,	fruc-
tose-1,6-diphosphatase	 (F-1,6-DPase)	 was	 determined	
as	per	 established	method	 (Gancedo	et	 al.,	 1971).	 Es-
timation	 of	 Phosphoglucose	 isomerase	 (PGI)	 enzyme	
was	performed	as	 illustrated	by	Horrocks	 (Horrocks	et	
al.,	1963).	Aldolase	enzyme	was	estimated	by	following	
the	 method	 explained	 by	 Sibley	 (Sibley	 et	 al.,	 1949).	
Glucose-6-phosphate	 dehydrogenase	 (G6PDH)	 was	
determined	 by	 the	method	 of	 Ellis	 (Ellis	 et	 al.,	 1961).	
Animals	were	 sacrificed	after	blood	 collection	by	over	
dose	of	anesthesia	on	the	21st	day.	

Histopathology	

The	 dissected	 pancreas	was	 prewashed	 using	 ice-cold	
saline	before	storing	in	10%	formalin	for	tissue	charac-
terization.	 Pancreatic	 architecture	 of	 specimens	 for	
each	group	was	examined	in	detail	microscopically.		

Statistical	analysis	

The	 results	were	presented	as	 the	mean	±	S.E.M.	The	
statistical	 analysis	 was	 done	 by	 one-way	 analysis	 of	
variance	 (ANOVA),	 then	 subsequently	 by	 Tukey's	mul-
tiple	comparison	tests.	The	significance	was	expressed	
by	 p	 values	 and	 if	 p	 value	 is	 <0.05,	 the	 results	 were	
regarded	as	statistically	significant.	

RESULTS	

Phytochemical	constituents	in	EEPL	leaves	

The	 phytochemical	 investigations	 substantiated	 the	
presence	of	steroids,	carbohydrates,	alkaloids,	tannins,	
glycosides,	flavonoids	and	phenolic	class	of	compounds	
in	the	EEPL	leaves.	

Effect	of	EEPL	on	blood	glucose	 levels	 in	STZ-induced	
diabetic	rats	

The	effect	of	EEPL	on	serum	glucose	 levels	 in	diabetic	
rats.	EEPL	was	given	at	doses	of	100	and	200	mg/kg	for	

three	weeks	to	treat	diabetic	rats.	It	was	observed	that	
significant	 increase	 (p<0.001)	 in	 the	 serum	 glucose	
level	of	diabetic	animals	compared	to	the	non	diabetic	
animals	and	further	goes	on	to	increase	in	glucose	lev-
els	 on	 10th,	 17th	 and	 24th	 day.	 The	 glibenclamide	 re-
duced	 (p<0.001)	 levels	 of	 glucose	 at	 all	 time	 points	
compared	 to	 diabetic	 animals.	 Extract	 treated	 group	
animals,	 EEPL	 100	 &	 200	 mg/kg	 reduced	 (p<	 0.001)	
serum	 glucose	 levels	 on	 10th,	 17th	 and	 24th	 day	 com-
pared	to	diabetic	control.	The	EEPL	reduced	blood	glu-
cose	 level	 dose	 dependently.	 On	 24th	 day	 EEPL	 200	
mg/kg	treated	group	animal’s	blood	glucose	was	near-
er	to	normal	control,	but	no	substantial	difference	was	
observed	between	the	EEPL	200	mg/kg	treated	animals	
and	 glibenclamide	 treated	 animals,	 are	 depicted	 in	
Figure	1	

Effect	of	EEPL	on	lipid	profile	in	diabetic	rats	

We	observed	that	there	was	 increase	(p<0.001)	 in	the	
levels	of	triglycerides	(TG),	and	Low	density	lipoprotein	
(LDL)	 and	 reduction	 (p<0.001)	 in	 high	density	 lipopro-
tein	(HDL)	 levels	 in	diabetic	animals	as	compared	with	
normal	control.	The	EEPL	at	100	&	200	mg/kg	reversed	
the	STZ-induced	changes	 in	 lipid	profile.	The	effective-
ness	 of	 EEPL	 at	 a	 dose	of	 200	mg/kg	was	noteworthy	
than	 compared	 to	 100	 mg/kg	 in	 correcting	 the	 lipid	
profile.	Antihyperlipidemic	activity	of	EEPL	(200	mg/kg)	
was	 comparable	with	 glibenclamide,	 a	 diabetic	 stand-
ard	drug.	The	results	are	represented	in	Table	1.	

Effect	of	EEPL	on	body	weight	of	diabetic	rats	

Diabetic	 animals	 lost	 their	 body	 weight	 considerably	
(p<0.001)	on	comparison	with	normal	control.	Further,	
the	diabetic	animals	kept	 losing	their	bodyweight	con-
stantly	 during	 the	 experiment.	 Gradual	 increase	 in	
body	 weight	 was	 witnessed	 (p<0.001)	 in	 the	 animals	
treated	 with	 glibenclamide	 (5	 mg/kg)	 and	 EEPL	 (100	
and	 200	 mg/kg)	 on	 contrast	 with	 diabetic	 animals.	
However,	 there	 was	 not	 much	 difference	 in	 the	 im-
provement	 of	 body	 weight	 of	 animals	 treated	 with	
glibenclamide	and	EEPL	100	mg/kg.	Results	are	shown	
in	Fig.	2.		

Effect	of	EEPL	on	insulin,	amylase	and	lipase	levels	 in	
diabetic	rats	

Substantial	decrease	(p<0.001)	in	the	insulin	levels	and	
significant	 increase	 (p<0.001)	 in	 serum	 amylase	 and	
lipase	enzyme	levels	were	witnessed	in	diabetic	rats	on	
comparison	with	 the	 normal	 rats.	 Insulin	 level	 in	 dia-
betic	rats	was	however	seen	to	escalate	(p<0.001)	dur-
ing	daily	administration	of	glibenclamide	(5	mg/kg)	and	
EEPL	 (100	 and	200	mg/kg).	 The	 levels	 of	 amylase	 and	
lipase	enzymes	were	seen	to	diminish	(p<0.001)	in	the	
extract	 treated	 groups.	 The	 results	 are	 expressed	 in	
Table	2.	
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Effect	of	EEPL	on	G6Pase	and	F-1,6-DPase	 in	diabetic	
rats	

Levels	of	G6Pase	and	F-1,6-DPase	enzymes	were	found	
to	 increase	 (p<0.001)	 in	 STZ-induced	 diabetic	 animals	
when	 compared	 with	 normal	 control.	 Extract	 (200	
mg/kg)	 and	 glibenclamide	 treated	 groups	 equally	 re-
duced	(p<0.001)	both	the	enzymes	levels	to	the	normal	
values.	 However,	 the	 EEPL	 at	 100	 mg/kg	 dose	 was	
found	to	be	less	effective	in	reducing	both	the	enzyme	
levels,	 thus	 conferring	 ineffectiveness	 of	 EEPL	 at	 low	
dose.	The	results	are	further	presented	in	Table	3.		

Effect	of	EEPL	on	PGI,	aldolase	and	G6PDH	in	diabetic	
rats	

In	the	diabetic	rats,	 levels	of	enzymes	namely	PGI	and	
G6PDH	were	 found	 to	be	 reduced	 (p<0.001)	whereas,	

aldolase	 level	 increased	(p<0.001)	on	comparison	with	
normal	rats.	In	both	of	the	EEPL	treated	groups,	signifi-
cant	 increase	 (p<0.001)	 in	 PGI	 and	 G6PDH	 levels	 was	
observed,	whereas	 the	 level	 of	 aldolase	was	 found	 to	
be	lesser	(p<0.001)	as	shown	in	Table	4.	

Histopathological	studies	

The	 normal	 histological	 pancreas	 section	 showed	 the	
architecture	 of	 normal	 acini	 and	 group	 of	 cells	 in	 the	
islets	 of	 Langerhans.	 There	 was	 no	 damage	 to	 islets	
and	 no	 hyperplasia	was	 observed.	 The	 diabetic	 group	
exhibited	 the	 destruction	 of	 pancreatic	 islets.	 Histo-
pathology	 of	 diabetic	 rats	 treated	 with	 glibenclamide	
displayed	 population	 and	 size	 of	 beta	 cells	 restored	
back	to	normal.	The	diabetic	rat	treated	with	EEPL	(100	
mg/kg)	showed	improvement	in	size	and	population	of	

	
All	values	are	expressed	as	mean	±	S.E.M.	(n	=	6)	

Figure	1:	Effect	of	EEPL	on	blood	glucose	levels	in	diabetic	rats	

 
All	values	are	expressed	as	mean	±	S.E.M.	(n	=	6)	

Figure	2:	Effect	of	EEPL	on	body	weight	in	diabetic	rats	
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beta	cells	and	lesser	damage	to	islet	and	enlargement.	
The	 EEPL	 at	 higher	 dose	 restored	 the	 architecture	 of	
islets	to	normal	level.	Population	and	size	of	both	cells	
and	islets	of	Langerhans	became	normal	and	there	was	
no	evidence	of	damage	and	enlargement	to	islet.	Refer	
Fig.	3.		

DISCUSSION	

This	study	was	planned	to	assess	antidiabetic	and	also	
the	antihyperlipidemic	activities	of	alcoholic	extract	of	
Premna	 latifolia	 (EEPL)	 in	 both	 normal	 and	 diabetic	

rats.	 STZ	 induced	 diabetes	 resembles	 type	 2	 DM	 and	
alters	 lipid	 profile	 as	 well	 as	 carbohydrate	 and	 lipid	
metabolising	 enzymes	 level.	 Hyperglycemic	 induction	
by	STZ	is	a	result	of	inhibition	of	many	of	the	enzymes	
of	DNA	synthesis	leading	to	destruction	of	islets	in	pan-
creas	 (Holemans	 et	 al.,	 1997).	 STZ	 also	 enhances	 free	
radical	 formation	 and	 causes	 defects	 in	 antioxidant	
defense	 of	b-cells	 of	 pancreas.	 Oral	 administration	 of	
EEPL	 to	 diabetic	 rats	 causes	marked	 reduction	 in	 glu-
cose	and	elevation	in	insulin	levels.	

	
A	

	
B	

	
C	

	
D	

	
E	

Figure	3:	Histopathology	of	pancreas	A:	Normal	control;	B:	Diabetic	control;	C:	Diabetic	rats	treated	with	
Glibenclamide	(5	mg/kg);	D:	Diabetic	rat	treated	with	EEPL	100	mg/kg;	E:	Diabetic	rat	treated	with	EEPL	

200	mg/kg.	
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Table	1:	Effect	of	EEPL	on	serum	lipids	in	diabetic	rats	

Group	 Total	Cholesterol	
(mg/dL)	

Triglyceride	
(mg/dL)	

HDL-Cholesterol	
(mg/dL)	

LDL	
(mg/dL)	

Normal	control	 83.47±0.38	 86.54±0.4117	 29.68±0.3816	 32.11±0.4647	
Diabetic	control	 162.7±0.53c	 132.6±0.3953c	 17.67±0.3918c	 149.5±0.8466c	

Diabetic	+	
Glibenclamide	
(5	mg/kg)	

87.65±0.67z	 98.17±0.6911z	 25.80±0.5293z	 49.81±0.4293z	

Diabetic	+	EEPL	
(100	mg/kg)	 123.7±1.9z	 117.4±1.246z	 19.42±0.897y	 93.4±2.567z	

Diabetic	+	EEPL	
(200	mg/kg)	 98.54±2.32z	 106.17±1.875z	 21.85±0.854z	 67.2±1.568z	

All	values	are	expressed	as	mean	±	S.E.M.	(n	=	6);	cp<	0.001	when	compared	to	normal	control;	yp	<	0.01,	zp<	
0.001	when	compared	to	diabetic	control.	

Table	2:	Effect	of	EEPL	on	insulin,	amylase	and	lipase	levels	in	diabetic	rats	
Group	 Insulin	(µU/mL)	 Amylase	(U/L)	 Lipase	(U/L)	

Normal	control	 16.32±0.3584	 46.4±2.241	 8.942±0.567	
Diabetic	control	 6.37±0.1699c	 127.6±3.924c	 37.85±3.236c	

Diabetic	+	Glibenclamide	(5	mg/kg)	 13.26±0.3709z	 63.2±2.798z	 16.24±2.879z	
Diabetic	+	EEPL	(100	mg/kg)	 8.54±0.521z		 93.5±2.367	 28.24±1.547z		
Diabetic	+	EEPL	(200	mg/kg)	 10.87±0.879z		 72.5±2.352	 23.75±2.938z		

All	values	are	expressed	as	mean	±	S.E.M.	(n	=	6);	cp<	0.001	when	compared	to	normal	control;	zp<	0.001	
when	compared	diabetic	control	

Table	3:	Effect	of	EEPL	on	glucose-6-phosphatase	and	fructose-1,6-diphosphatase	in	diabetic	rats	
Group	 Glucose-6-	phosphatase	(Ua/mg	

protein)	
Fructose-1,6-diphosphatase	(Ub/mg	

protein)	
Normal	control	 0.1587±0.01854	 0.3754±0.01854	
Diabetic	control	 0.2813±0.01788c	 0.6014±0.01764c	

Diabetic	+	Glibenclamide	
(5	mg/kg)	

0.1837±0.0203z	 0.3947±0.0029z	

Diabetic	+	EEPL	(100	mg/kg).	 0.2471±0.01624z		 0.5164±0.01758z		
Diabetic	+	EEPL	(200	mg/kg)	 0.2158±0.09785z		 0.4628±0.01536z		
All	values	are	expressed	as	mean	±	S.E.M.	(n	=	6);	a	=	nmoles	of	phosphorous	produced/min/mg	protein;	b	=	
nmoles	of	phosphorous	produced/min/mg	protein;	cp<	0.001	when	compared	to	normal	control;	zp<	0.001	

when	compared	to	diabetic	control.		

Table	4:	Effect	of	EEPL	on	phosphogluco	isomerase,	aldolase	and	glucose-6-phosphate	dehydrogenase	in	
diabetic	rats	

Group	 Phosphogluco	isomerase	
(Ud/mg	protein)	

Aldolase	
(Ue/mg	pro-

tein)	

Glucose-6-phosphate	dehydro-
genase	(Uf/mg	protein)	

Normal	control	 49.76±1.652	 0.1558±0.0087	 3.452±0.3542	
Diabetic	control	 24.52±1.895c	 0.2617±0.0063c	 1.264±0.2756c	

Diabetic	+	
Glibenclamide	
(5	mg/kg)	

30.54±2.137z	 0.1857±0.0094z	 1.956±0.1856z	

Diabetic	+	EEPL	
(100	mg/kg)	 37.82±1.487z	 0.2473±0.0052z	 2.457±0.3482z	

Diabetic	+	EEPL	
(200	mg/kg)	 34.95±1.524z	 0.2168±0.0067z	 2.365±0.2461z	

All	 values	are	expressed	as	mean	±	S.E.M.	 (n	=	6);	d	=	nmoles	of	 fructose	produced/	min/mg	protein;	e	=	
µmoles	of	glyceraldehydes;	produced/min/mg	protein;	f	=	nmoles	of	NADPH	produced/min/mg	protein;	cp<	
0.001	when	compared	to	normal	control;	zp<	0.001	when	compared	to	diabetic	control.	
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The	 EEPL	 200	 mg/kg	 shows	 a	 consistent	 decrease	 in	
blood	glucose	level.		

The	 important	pathways	which	regulate	blood	glucose	
and	 insulin	 levels	 are	 glucose	 regulated	 insulin	 secre-
tion,	 hepatic	 glucose	 synthesis	 and	 insulin	 mediated	
glucose	 uptake	 in	 the	 tissues.	 Gluconeogenesis	 and	
glycolysis	are	two	main	metabolic	pathways	regulating	
the	 glucose	 level	 in	 liver	 and	 blood.	 Gluconeogenic	
pathway	 is	 mainly	 regulated	 by	 the	 enzymes	 namely	
G6Pase	 and	 F-1,6-DPase.	 Glucose-6-phosphate	 con-
verted	to	glucose	mediated	by	the	enzyme	G6Pase	and	
also	 lipogenesis	process	that	 is	conversion	of	carbohy-
drate	or	protein	to	fat	(Krebs	et	al.,	1965).	F-1,6-DPase	
mediate	 the	 formation	 of	 fructose-6-phosphate	 from	
fructose-1,6-diphosphate,	 which	 determines	 whether	
or	 not	 a	 tissue	 is	 capable	 of	 resynthesizing	 glycogen	
from	 pyruvate	 triosephosphates	 (Cox	 et	 al.,	 2008).	
G6Pase,	 F-1,6-DPase	 enzymes	 level	 considerably	 aug-
mented	 in	 diabetic	 animals.	 Further,	 the	 treatment	
with	 EEPL	 decreased	 the	 activity	 of	 these	 enzymes	 in	
the	liver	of	diabetic	animals.		

Glycolytic	pathway	 is	mainly	 regulated	by	 the	enzyme	
PGI	which	is	important	for	glucose	utilization.	Glucose-
6-phosphate	 gets	 converted	 to	 fructose	 6-phosphate	
with	 the	mediation	of	PGI	during	 the	second	step	gly-
colysis.	Aldolase	 is	 an	enzyme	 (protein)	 that	produces	
energy	 by	 breaking	 some	 sugars,	 by	 forming	 triose	
phosphates	 dihydroxyacetone	 phosphate	 and	 glycer-
aldehydes	 3-phosphate	 from	 fructose	 1,6-
bisphosphate.	 The	 hepatic	 PGI	 and	 aldolase	 level	 de-
creases	and	 increases	 respectively	 in	diabetic	animals.	
The	EEPL	 treatment	enhanced	 the	PGI	activity	and	 re-
duced	aldolase	activity.	G6PDH	acts	by	maintaining	the	
levels	of	nicotinamide	adenine	dinucleotide	phosphate	
(NADPH),	 a	 co-enzyme	 that	 guards	 the	 cells	 against	
oxidative	damage	 (Vinay	et	al.,	 1999).	 The	G6PDH	en-
zyme	 level	 was	 found	 to	 be	 significantly	 reduced	 in	
diabetic	 animals.	 The	 EEPL	 protects	 the	 cells	 against	
oxidative	damage	by	 increasing	the	activity	of	enzyme	
G6PDH	in	diabetic	animals.	

Amylase	 hydrolyses	 the	 starch,	 a	 polysaccharide	 into	
simpler	 forms	namely	disaccharides	and	trisaccharides	
which	further	get	converted	into	glucose	by	activity	of	
several	other	enzymes.	Treatment	with	EEPL	decreased	
the	 amylase	 level	which	was	 elevated	 in	 diabetic	 ani-
mals.	This	 indicates	normalization	of	cells	 those	which	
were	 secreting	 amylase	 in	 the	 pancreas.	 Lipase	 is	 an-
other	 enzyme	 involved	 in	 hydrolysis	 of	 lipids.	 Reports	
indicate	that	lipase	level	in	the	blood	was	measured	to	
investigate	 acute	 pancreatitis	 and	 other	 disorders	 of	
the	pancreas	(Casas	et	al.,	2012).	Our	study	shows	that,	
treatment	with	EEPL	normalized	the	lipase	level,	which	
may	indicate	the	normalization	of	lipase	secreting	cells	
in	pancreas.	

Augmented	 chances	 of	 atherosclerosis	 and	 coronary	
heart	 diseases	 are	 complications	 associated	 with	 dia-
betes.	 LDL	 is	 bad	 cholesterol	 as	 it	 gets	 deposited	 on	

walls	of	blood	vessels	 increasing	 the	 risks	of	heart	 at-
tack.	Increased	level	of	cholesterol	causes	clots	and/or	
plaques	 in	 the	 blood	 vessels	 leading	 to	 hypertension,	
angina,	 heart	 attacks,	 strokes	 and	 peripheral	 vascular	
diseases.	The	diabetes	induced	by	STZ	significantly	var-
ies	 the	 lipid	 profile	 which	 is	 attributed	 to	 increased	
serum	lipase	enzyme	activity.	The	EEPL	had	a	beneficial	
effect	on	the	STZ-induced	hyperlipidemia.	This	may	be	
due	 to	 its	 effect	 on	 lipid	 metabolizing	 enzymes	 and	
normalization	of	liver	and	pancreas	function.	

CONCLUSION	

The	possible	mechanism	by	which	EEPL	 shows	antihy-
perglycemic	 activity	 may	 be	 due	 to	 potentiation	 of	
pancreatic	b-cells	of	islets	leading	to	secretion	of	insu-
lin	and	 increase	 in	 insulin	mediated	uptake	of	glucose	
by	 cells.	 This	 possible	 mechanism	 was	 supported	 by	
elevated	 levels	 of	 insulin	 in	 diabetic	 animals	 treated	
with	EEPL.	The	 steroids,	 terpenoids,	 tannins	and	poly-
saccharides	present	in	EEPL	may	be	responsible	for	the	
antidiabetic	activity.	
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SYNTHESIS AND ANTIMICROBIAL ACTIVITY SCREENING OF 
2-[4-(SUBSTITUTED BENZYLIDENAMINO)-5-(NAPHTHALEN-4-

YLOXY) METHYL-4H-1,2,4-TRIAZOL-3-YL THIO] ACETIC ACID AND 
2-[4-(2-SUBSTITUTED BENZYLIDENAMINO)-5-(NAPHTHALEN-4-

YLOXY)METHYL-4H-1,2,4-TRIAZOL-3-YL]ISONICOTINYL HYDRAZIDE 
DERIVATIVES
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ABSTRACT In this research work with an intention of synthesizing some potent antimicrobial agents, we have 
synthesized two novel series of triazole derivatives (3f-j and 5k-o) and screened them for antibacterial, antifungal, 
and antitubercular activities. For the synthesis of compounds 3f-j, initially compound (1) was treated with various 
substituted aromatic aldehydes which results in synthesis of 4-(substituted benzylidenamino)-5-[(naphthalen-4-
yloxy)methyl]-4H-1,2,4-triazolo-3-thiol (2a-e), further (2a-e) is converted to 2-[4-(substituted benzylidenamino)-
5-(naphthalen-4-yloxy)methyl-4H-1,2,4-triazol-3-yl thio] acetic acid (3f-j) derivatives by the reaction with 
chloroacetic acid. Similarly, for the synthesis of titled compounds (5k-o), compound 1 was condensed with 
isonicotinyl hydrazide to give 2-[4-amino-5-(naphthalen-4-yloxy)methyl-4H-1,2,4-triazol-3-yl] isonicotinyl 
hydrazide (4) and compound (4) converted to Schiff derivatives of 2-[4-(2-substituted benzylidenamino)-5-
(naphthalen-4-yloxy)methyl-4H-1,2,4-triazol-3-yl] isonicotinyl hydrazide (5k-o) using substituted aromatic 
aldehydes. The structures of the synthesized compounds (3f-j and 5k-o) were confirmed on the basis of infrared, 
nuclear magnetic resonance, and mass spectral data. All the synthesized compounds (3f-j and 5k-o) were screened 
for their antibacterial, antifungal, and antitubercular activities using broth microdilution method and microplate 
alamar blue assay method, respectively. Among the synthesized compounds, 3g and 5o showed significant 
antitubercular activity, compounds 3g, 3j, 5l, and 5o showed significant antibacterial and antifungal activity.
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INTRODUCTION

There is an increase in the frequency and variety of invasive 
fungal infections in the past two decades due to use of 
immunosuppressive and antibiotic agents, whose need 
is arised due to the development of hypersensitivity and 
infection in people, which in turn in most cases is associated 
with unhygienic lifestyle of the people. Especially over 
the past decade, the incidences of fungal infections are 
dramatically increased. The human immunodeficiency virus 
(HIV) type I epidemic accounts for a highest share in this 
increase.

In the past few decades, heterocyclic compounds have 
attracted the medicinal chemists due to their therapeutic 
importance. Among them, triazole is a one of the very 
important heterocyclic moiety having a great therapeutic 
value. Triazole exhibits versatile pharmacological activities 
such as antibacterial,[1-3] antitumor,[4,5] anti-inflammatory,[6-8] 
antiviral,[9,10] antitubercular,[11-13] anti-HIV,[14,15] 
anticonvulsant,[16,17] antifungal,[18-20] and analgesic.[21] 
Triazoles such as fluconazole and terconazole are clinically 
used as potent antifungal agents.

In view of these facts and with an objective of 
synthesizing some novel antibacterial, antitubercular, and 
antifungal agents here we have synthesized 2-[4-(substituted 
benzylidenamino)-5-(naphthalen-4-yloxy)methyl-4H-
1,2,4-triazol-3-yl thio] acetic acid and 2-[4-(2-substituted 
benzylideneamino)-5-(naphthalen-4-yloxy)methyl-4H-
1,2,4-triazol-3-yl] isonicotinyl hydrazide derivatives.

RESULTS AND DISCUSSION

A novel series of 2-[4-(substituted benzylidenamino)-
5-(naphthalen-4-yloxy) methyl-4H-1,2,4-triazol-3-yl thio] 
acetic acid (3f-j) and 2-[4-(2-substituted benzylideneamino)-
5-(naphthalen-4-yloxy) methyl-4H-1,2,4-triazol-
3-yl] isonicotinyl hydrazide (5k-o) derivatives were 
synthesized as shown in Scheme 1 by the reaction between 
thiocarbohydrazide and substituted 1-naphthoxyacetic acid, 
which on fusion will yield 5-(naphthoxymethyl)-4-amino-
3-mercapto-1, 2, 4-triazole (1), respectively. Compound 1 
was treated with various substituted aromatic aldehydes 
in ethanol medium in the presence of concentrated 
hydrochloric acid at 90°C for 2 h. It resulted in 4-(substituted 
benzylidenamino)-5-[(naphthalen-4-yloxy)methyl]-4H-
1,2,4-triazolo-3-thiol (2a-e), which converted to compounds 
2-[4-(substituted benzylidenamino)-5-(naphthalen-4-
yloxy) methyl-4H-1,2,4-triazol-3-yl thio] acetic acid (3f-j) 
by the reaction with chloroacetic acid in absolute ethanol 
medium and refluxed for 2-3 h. Compound (1) refluxed with 
isonicotinyl hydrazide till the evolution of hydrogen sulfide 
ceased to obtain 2-[4-amino-5-(naphthalen-4-yloxy)methyl-
4H-1,2,4-triazol-3-yl] isonicotinyl hydrazide 4. Compound 
(4) converted to Schiff bases of 2-[4-(2-substituted 
benzylideneamino)-5-(naphthalen-4-yloxy) methyl-4H-
1,2,4-triazol-3-yl] isonicotinyl hydrazide (5k-o) using 
substituted aromatic aldehydes. The purity of the compounds 
was confirmed by thin-layer chromatography (TLC) using 
silica gel gas stationary phase and suitable solvent system 

as mobile phase and by melting point. Structures of all the 
newly synthesized compounds are well supported by the 
spectral data such as infrared (IR), 1H nuclear magnetic 
resonance (NMR), 13C NMR, and mass and elemental 
analysis. The physical data of compounds are tabulated in 
Table 1.

Biological activity data revealed that all the compounds 
showed moderate-to-good activity when compared with 
standard drugs, respectively. The antifungal activity mainly 
studied on compound 3f-j and 5k-o revealed that the 
substitution on imine phenyl ring group showed significant 
activity. Compound 3g with para-hydroxy substitution 
showed significant activity against Aspergillus niger, at 
minimum inhibitory concentration (MIC) of 12.5 μg/ml, the 
compounds 3j substituted at para-methyl group on imine 
phenyl ring showed equipotent activity against Candida 
albicans at MIC of 6.25 μg/ml, and compound 5o substituted 
at para-chloro group on imine phenyl ring showed significant 
activity against Aspergillus flavus at MIC of 12.5 μg/ml. In 
case of antibacterial activity substitution of para-hydroxy 
(3g) and para-chloro (5o) on imine phenyl ring showed 
significant activity against Gram-positive organisms, 
Staphylococcus aureus and Bacillus subtilis at MIC of 6.25 
μg/ml. The compound 3f-l and 5k-o were showed weak 
activity against Gram-negative organisms, when compared 
with standard drugs. The compounds showed antitubercular 
activity at MIC values of 0.25-100 μg/ml. From the results, 
the compound 3g (R=4-OH) and 5o (R=4-Cl) on imine 
phenyl ring were showed comparable antitubercular activity 
against Mycobacterium tuberculosis H37Rv at MIC of 
0.4 μg/ml. When compared with standard drug isonicotinic 
acid hydrazide which showed MIC of 0.2 μg/ml. Rest of 
the compound in the series showed moderate antitubercular 
activity. The results are shown in Table 2. Hence, it 
reveals that the compounds having electron withdrawing 
substituents on imine phenyl ring were found to be more 
active.

Antibacterial activity

The MIC determination of the tested compounds was 
carried out simultaneously in comparison with ciprofloxacin, 
norfloxacin against Gram-positive (S. aureus, Streptococcus 
faecalis, and B. subtilis), and Gram-negative bacteria 
(Klebsiella pneumoniae, Escherichia coli, and Pseudomonas 
aeruginosa) by broth microdilution method.[22,23] Serial 
dilutions of the test compounds and reference drugs 
were prepared in Mueller-Hinton broth. Drugs (10 mg) 
were dissolved in (dimethyl sulfoxide [DMSO], 1 ml). 
Further progressive dilutions were done to obtain the 
final concentrations of 0.2, 0.4, 0.8, 1.6, 3.125, 6.25, 12.5, 
25, 50, and 100 μg/ml. The tubes were inoculated with 
105 cfu/ml (colony forming unit/ml) and incubated at 37°C 
for 18 h. The MIC was the lowest concentration of the tested 
compound that yields no visible growth on the plate. To 
ensure that the solvent had no effect on the bacterial growth, 
control was performed with the test medium supplemented 
with DMSO at the same dilutions as used in the experiments 
and DMSO had no effect on the microorganisms in the 
concentrations studied. The MIC values are given in μg/ml. 
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Scheme 1: Reagents and conditions: (a) Aromatic aldehydes, absolute ethanol, reflux, 2 h, (b) chloroacetic acid, ethanol, reflux, 
2-3 h, and (c) absolute ethanol, isonicotinic acid hydrazide, reflux

Table 1: Physicochemical data of the compounds, 2(a-e), 3(f-j), and 5(k-o)

Compound R Yield (%) Melting 
point (°C)

Rf value# Molecular formula Analysis (%) found (calculated)
C H n

2a H 61.5 192-194 0.36 C20H16N4OS 66.66 (66.65) 4.44 (4.47) 15.55 (15.54)

2b 4-OH 66.8 186-188 0.28 C20H16N4O2S 63.80 (63.81) 4.23 (4.28) 14.82 (14.88)

2c 4-OCH3 63.2 175-177 0.24 C21H18N4O2S 64.58 (64.60) 4.67 (4.65) 14.39 (14.35)

2d 4-CH3 63.6 164-166 0.16 C21H18N4OS 67.33 (67.36) 4.87 (4.85) 14.95 (14.96)

2e 4-Cl 69.0 190-192 0.22 C20H15ClN4OS 60.81 (60.83) 3.81 (3.83) 14.15 (14.19)

3f H 67.2 188-190 0.29 C22H18N4O3S 63.10 (63.14) 4.30 (4.34) 13.36 (13.39)

3g 4-OH 65.2 206-208 0.46 C22H18N4O4S 60.83 (60.82) 4.20 (4.18) 12.86 (12.90)

3h 4-OCH3 68.0 182-184 0.36 C23H20N4O4S 61.61 (61.59) 4.52 (4.49) 12.46 (12.49)

3i 4-CH3 68.5 198-200 0.42 C23H20N4O3S 63.88 (63.87) 4.64 (4.66) 12.92 (12.95)

3j 4-Cl 70.0 212-214 0.43 C22H17ClN4O3S 58.32 (58.34) 3.79 (3.78) 12.35 (12.37)

5k H 68.3 202-204 0.33 C26H21N7O2 67.39 (67.38) 4.58 (4.57) 21.11 (21.15)

5l 4-OH 65.3 188-190 0.36 C26H21N7O3 65.16 (65.13) 4.42 (4.41) 20.46 (20.45)

5m 4-OCH3 64.3 189-191 0.42 C27H23N7O3 65.69 (65.71) 4.67 (4.70) 19.84 (19.87)

5n 4-CH3 61.3 206-208 0.36 C27H23N7O2 67.95 (67.91) 4.81 (4.85) 20.51 (20.53)

5o 4-Cl 63.4 190-192 0.28 C26H20ClN7O2 62.70 (62.71) 4.01 (4.05) 19.68 (19.69)
*Recrystallization with ethanol, #Stationary phase: Silica gel G, Mobile phase:Chloroform: Benzene (1:1), Iodine vapors as visualizing agent
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The preliminary results of antibacterial activities are shown 
in Table 3. Compounds showed antibacterial activity 
between MIC of 100 and 6.25 μg/ml.

Compounds 3g, 3j, 5l, and 5o showed significant 
antibacterial activity. All these compounds can be considered 
as potential candidates for the antimicrobial activity against 
both Gram-positive and Gram-negative organisms after 
structural modification.

Antitubercular activity

MIC values were determined for the newly synthesized 
compounds against M. tuberculosis strain H37Rv using 
the microplate alamar blue assay,[24] using isoniazid as 
the standard drug. The 96 wells plate received 100 µl of 
Middlebrook 7H9 broth and serial dilution of compounds 
were made directly on the plate with drug concentrations of 
0.2, 0.4, 0.8, 1.6, 3.125, 6.25, 12.5, 25, 50, and 100 μg/ml. 
Plates were covered and sealed with parafilm and incubated 
at 37°C for 5 days. Then, 25 µl of freshly prepared 1:1 
mixture of alamar blue reagent and 10% tween 80 was 
added to the plate and incubated for 24 h. A blue color in the 
well was interpreted as no bacterial growth and pink color 
was scored as growth. The MIC was defined as the lowest 
drug concentration, which prevented color change from blue 
to pink. Compounds showed antitubercular activity between 
MIC of 100 and 0.4 μg/ml.

Compounds 3g and 5o showed significant antitubercular 
activity. Table 2 reveals antitubercular activity (MIC) data 
for all the synthesized compounds.

Antifungal activity

In vitro antifungal activity of the synthesized compounds 
was evaluated by two-fold serial dilution methods. Media 
used was potato dextrose broth (PDB). Initially, the stock 
culture of A. niger, A. flavus, Aspergillus terries, and 
C. albicans were revived by inoculating in broth media 

and grown at 37°C for 48 h. The tubes of the above media 
PDB (5 ml) were prepared and each tube was added with 
compounds (10-500 μg) and inoculated with 100 μl of 48 h 
old cultures. The control tubes with fluconazole and DMSO 
were also prepared. All the tubes were incubated at 37°C for 
48 h with constant shaking and the absorbance of biomass 
was measured 660 nm against autoclaved, uninoculated 
media as blank. The result of in vitro antifungal activity is 
expressed as MIC.

Compounds 3g, 3j, 5l, and 5o showed significant 
antifungal activity. Table 4 reveals antifungal activity (MIC) 
data for all the synthesized compounds.

EXPERIMENTAL SECTION

All research chemicals were purchased from Acros 
organics (NY, USA), Sigma-Aldrich (St. Loius, Missouri, 

Table 2: Antibacterial activity screening results of newly synthesized compounds 3(f-j) and 5(k-o)
Compound MIC values (μg/ml)

Gram-positive bacteriaa Gram-negative bacteriab

Sa Sf Bs Kp Ec Pa
3f 50 >100 100 50 25 100

3g 6.25 50 12.5 50 >100 100

3h >100 50 >100 100 25 >100

3i 50 >100 >100 100 100 50

3j 50 12.5 >100 12.5 50 25

5k >100 50 100 100 >100 100

5l 50 12.5 25 100 50 >100

5m 50 25 >100 100 >100 100

5n >100 >100 50 >100 50 >100

5o 12.5 25 6.25 100 >100 25

Ciprofloxacin <5 <5 ≤1 ≤1 ≤1 >5

Norfloxacin <5 <5 ≤1 ≤1 ≤1 >5
aGram-positive bacteria: Staphylococcus aureus ATCC 11632 (Sa), Streptococcus faecalis ATCC 14506 (Sf), Bacillus subtilis ATCC 60511 (Bs), bGram-negative 
bacteria: Klebsiella pneumoniae ATCC 10031 (Kp), Escherichia coli ATCC 10536 (Ec), Pseudomonas aeruginosa ATCC 10145 (Pa)

Table 3: Antitubercular activity screening results of 
newly synthesized compounds 3(f-j) and 5(k-o)

Compound MIC values (μg/ml) M. tuberculosis H37Rv

3f 50

3g 0.4

3h 50

3i 100

3j 12.5

5k 50

5l 50

5m 50

5n 100

5o 0.4

Isoniazid 0.2
MIC: Minimum inhibitory concentration, M. tuberculosis: Mycobacterium 
tuberculosis
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USA), Lancaster Co., (Ward Hill, MA, USA), and used as 
such for the reactions. Solvents except laboratory reagent 
grade were dried and purified according to the literature 
whenever necessary. Purification of title compounds was 
carried out by flash chromatography from Biotage Isolera 
ST-1 (Darmstadt, Germany). Reactions were monitored 
by TLC on precoated silica gel plates from E. Merck and 
Co., (Darmstadt, Germany). Melting points of synthesized 
compounds were determined in Thermonik melting point 
apparatus (Chennai, India) and are uncorrected. The IR 
spectra were recorded on Thermo Nicolet FTIR-200 
Spectrometer (Madison, WI, USA), using KBr pellets. The 
1H NMR and 13C NMR were recorded on Bruker AVANCE 
II 400 (Bruker, Rheinstetten/Karlsruhe, Germany) in CDCl3/
DMSO-d6 as solvent. Chemical shifts are reported in δ parts 
per million (ppm) units with respect to TMS. The mass 
spectra were recorded using GCMS-QP 2010 (Shimaduzu, 
Japan).

Synthesis

General method for synthesis of 5-(naphthoxymethyl)-4-
amino-3-mercapto-1, 2, 4-triazole (1)

An intimate mixture of thiocarbohydrazide (1.06 g, 
0.01 mol) and 1-naphthoxy methyl acetic acid (0.01 mol) 
was heated in an oil bath at 195-197°C for 2 h. The fused 
mass was triturated with hot water, filtered and washed with 
sodium bicarbonate. The crude product was recrystallized 
from methanol. It has a molecular formula C13H12N4OS, 
m.p. 197-199°C and yield is 67.0%.

IR (KBr, cm−1): 3210.1 (NH2), 3200.2 (NH), 2361.2 
(SH), 1621.3, 1590.2 (C=N). 1H NMR (DMSO-d6, δ ppm): 
14.5 (br, 1H, SH), 8.1-6.9 (m, 7H, Ar-H), 5.2 (s, 2H, OCH2), 
3.1 (s, 1H, SH), and 2.3 (s, 2H, NH2). 

13C-NMR (400 MHz, 
CDCl3, δ ppm): (triazole) C [167.2 (C5), 151.7 (C3)], Ar C 
[156.9 (C1), 134.8 (C4), 127.6 (C10), 127.2 (C5 and C9), 126.5 
(C6), 126.3 (C3), 125.5 (C7), 122.2 (C8), 105.3 (C2)], 63.1 
(OCH2). MS (ESI) (M+1): m/z 273.3; calculated 272.3.

General method for synthesis of 4-(substituted 
benzylidenamino)-5-[(naphthalen-4-yloxy) methyl]-4H-
1,2,4-triazolo-3-thiol (2a-e)

A mixture of 5-(naphthoxymethyl)-4-amino-3-
mercapto-1, 2, 4-triazole (1) (0.01mol) and the corresponding 
various aromatic aldehydes (0.01 mol) in ethanol (25 ml) 
was treated with concentrated HCl (0.5 ml) and refluxed for 
2 h. The reaction mixture was cooled to room temperature 
and the separated crystalline compound is filtered and 
recrystallized from ethanol to give 2a-e.
4-(Benzylidenamino)-5-[(naphthalen-4-yloxy) methyl]-
4H-1,2,4-triazolo-3-thiol (2a)

IR (KBr, cm−1): 3066.2 (Ar-H), 2914.4 (OCH2), 2755.6 
(SH), 1596.7 (HC=N), 1532.4 (C=N). 1H NMR (400 MHz, 
CDCl3, δ ppm): 10.3 (s, 1H, SH), 10.0 (s, 1H, HC=N), 
8.2-6.9 (m, 9H, Ar-H), 5.2 (s, 2H, OCH2). 

13C-NMR (400 
MHz, CDCl3,δ ppm): (triazole) C [162.1 (C5), 148.2 (C3)], 
(naphthalene ring) C [156.7 (C1), 134.3 (C5), 127.5 (C6 and 
C10), 126.5 (C7), 126.2 (C3), 125.9 (C8), 122.4 (C9), 120.3 
(C4), 104.2 (C2)], Ar (benzylidene) C [131.7 (C4), 133.8 
(C1), 129.5 (C2 and C6), 128.8 (C3 and C5)], 63.3 (OCH2). 
MS (ESI) (M+1): m/z 361.4; calculated 360.4.
4-(2-Hydroxybenzylidenamino)-5-[(naphthalen-4-yloxy)
methyl]-4H-1,2,4-triazolo-3-thiol (2b)

IR (KBr, cm−1): 3098.8 (OH), 3051.2 (Ar C-H), 2915.9 
(OCH2), 1595.4 (HC=N). 1H NMR (400 MHz, CDCl3, 
δ ppm): 10.3 (br, 1H, SH), 10.0 (s, 1H, HC=N), 8.1-6.9 (m, 
11H, Ar-H), 5.2 (s, 2H, OCH2), 4.9(s, 1H, OH). 13C-NMR 
(400 MHz, CDCl3,δ ppm): (Triazole) C [162.2 (C5), 148.4 
(C3), (naphthalene ring) C [156.8 (C1), 134.0 (C5), 127.3 (C6 
and C10), 126.5 (C7), 126.2 (C3), 125.5 (C8), 122.2 (C9), 120.5 
(C4), 104.2 (C2)], Ar (benzylidene) C [160.8 (C2), 131.5 (C4 
and C6), 121.6 (C5), 118.2 (C1), 116.1 (C3)], 63.5 (OCH2). 
MS (ESI) (M-1): m/z 375.4; calculated 376.4.
4-(4-Methoxybenzylidenamino)-5-[(naphthalen-4-yloxy)
methyl]-4H-1,2,4-triazolo-3-thiol (2c)

IR (KBr, cm−1): 3061.2 (Ar C-H), 2924.1 (OCH2), 2546.1 
(SH), 1606.1 (HC=N).1537.3 (C=N). 1H NMR (400 MHz, 
DMSO-d6, δ ppm): 11.2 (s, 1H, SH), 10.0 (s, 1H, N=CH), 
8.1-6.9 (m, 11H, Ar-H), 5.2 (s, 2H, OCH2), 3.6 (s, 3H, 
OCH3). 

13C-NMR (400 MHz, CDCl3,δ ppm): (triazole) C 
[162.3 (C5), 148.0 (C3), (naphthalene ring) C [155.5 (C1), 
134.3 (C5), 127.7 (C6  and C10), 126.6 (C7), 126.1 (C3), 123.8 
(C8), 122.5 (C9), 119.6 (C4), 104.4 (C2)], Ar (benzylidene) 
C [163.2 (C4), 130.5 (C2 and C6), 126.2 (C1), 114.1 (C3 and 
C5)], 63.4 (OCH2), 55.6 (OCH3). MS (ESI) (M+2): m/z 
392.5; calculated 390.4.
4-(4-Methylbenzylidenamino)-5-[(naphthalen-4-yloxy)
methyl]-4H-1,2,4-triazolo-3-thiol (2d)

IR (KBr, cm−1): 3055.1 (Ar-H), 2917.6 (OCH2), 2755.2 
(SH), 1594.0 (HC=N), 1534.5 (C=N). 1H NMR (400 MHz, 
CDCl3, δ ppm): 10.4 (br, 1H, SH), 10.0 (s, 1H, HC=N), 8.1-
6.9 (m, 11H, Ar-H), 5.2 (s, 2H, OCH2), 2.3 (s, 3H, CH3). 

13C-
NMR (400 MHz, CDCl3,δ ppm): (Triazole) C [162.3 (C5), 
148.2 (C3)], (naphthalene ring) C [156.6 (C1), 133.3 (C5), 
127.6 (C6 and C10), 126.4 (C7), 126.2 (C3), 125.9 (C8),122.4 
(C9), 120.3 (C4), 104.3 (C2)], Ar (benzylidene) C [140.8 
(C4), 130.2 (C1), 129.7 (C3 and C5), 129.5 (C2 and C6)], 63.4 

Table 4: Antifungal activity screening results of 
newly synthesized compounds 3(f-j) and 5(k-o)

Compound MIC v alues (μg/ml)
A. niger A. flavus A. terrius C. albicans

3f >100 >100 100 >100

3g 12.5 25 100 >100

3h 100 >100 >100 >100

3i >100 >100 100 50

3j 25 >100 12.5 50

5k 50 >100 100 >100

5l 50 25 100 6.25

5m 50 100 >100 >100

5n >100 50 100 >100

5o 50 12.5 25 100

Fluconazole 6.25 6.25 6.25 6.25
MIC: Minimum inhibitory concentration, A. niger: Aspergillus 
niger, A. flavus: Aspergillus flavus, A. terries: Aspergillus terries, 
C. albicans: Candida albicans
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(OCH2), 24.5 (CH3). MS (ESI) (M+1): 375.3; calculated 
374.4.
4-(4-chlorobenzylidenamino)-5-[(naphthalen-4-yloxy)
methyl]-4H-1,2,4-triazolo-3-thiol (2e)

IR (KBr, cm−1): 3050.5 (Ar C-H), 2914.8 (OCH2), 2755.2 
(SH), 1591.0 (HC=N), 1534.3 (C=N). 1H NMR (400 MHz, 
CDCl3, δ ppm): 10.4 (br, 1H, SH), 10.2 (s, 1H, HC=N), 8.1-
6.9 (m, 11H, Ar-H), 5.2 (s, 2H, OCH2).

General method for synthesis of 2-[4-(substituted 
benzylidenamino)-5-(naphthalen-4-yloxy)methyl-4H-
1,2,4-triazol-3-yl thio] acetic acid (3f-j)

Equimolar proportions of 2a-e and chloroacetic acid were 
dissolved in ethanol containing 3-4 drops of pyridine and 
refluxed for 2-3 h, on pouring the reaction mixture into ice cold 
water a solid 3f-j was separated which was filtered, washed 
with water and recrystallized from ethanol to give 3f-j.
2-[4-(4-benzylidenamino)-5-(naphthalen-4-yloxy)methyl-
4H-1,2,4-triazol-3-yl thio] acetic acid (3f)

IR (KBr, cm−1): 3201.0 (OH), 3066.8 (Ar C-H), 2927.5 
(OCH2), 2373.6 (CH2), 1717.7 (C=O), 1591.2 (C=N). 1H 
NMR (400 MHz, DMSO-d6, δ ppm): 12.1 (s, 1H, OH), 10.8 
(s, 1H, HC=N), 8.1-6.4 (m, 12H, Ar-H), 5.2 (s, 2H, OCH2), 
2.9 (s, 2H, CH2). 

13C-NMR (400 MHz, CDCl3,δ ppm): 173.2 
(C=O), (triazole) C [162.2 (C5), 148.4 (C3)], (naphthalene 
ring) C [156.7 (C1), 134.4 (C5), 127.6 (C6 and C10), 126.6 
(C7 and C3), 125.2 (C8), 122.3 (C9), 120.3 (C4), 104.1 (C2)], 
160.2 (HC=N), Ar (benzylidene) C [133.6 (C1), 131.6 (C4), 
129.3 (C2 and C6), 128.5 (C3 and C5)], 59.8 (OCH2), 29.5 
(S-CH2). MS (ESI): m/z 418.3; calculated 418.4.
2-[4-(4-hydroxybenzylidenamino)-5-(naphthalen-4-yloxy)
methyl-4H-1,2,4-triazol-3-yl thio] acetic acid (3g)

IR (KBr, cm−1): 3200.2 (OH), 3056.7 (Ar C-H), 2918.7 
(OCH2), 2760.5 (CH2), 1735.3 (C=O),1592.6 (C=N). 1H 
NMR (400 MHz, DMSO-d6, δ ppm): 11.3 (s, 1H, OH), 9.0 
(s, 1H, HC=N), 8.1-6.4 (m, 11H, Ar-H), 5.2 (s, 2H, OCH2), 
5.0 (s, 3H, OH), 3.9 (s, 2H, CH2). 

13C-NMR (400 MHz, 
CDCl3,δ ppm): 173.6 (C=O), (triazole) C [162.3 (C5), 148.3 
(C3)], (Naphthalene ring) C [156.3 (C1), 134.5 (C5), 127.6 
(C6 and C10), 125.6 (C7 and C3), 125.4 (C8), 122.1 (C9), 120.3 
(C4), 104.2 (C2)], 158.0 (HC=N), Ar (benzylidene) C [161.4 
(C2), 132.4 (C4), 129.5 (C6), 121.2 (C5), 118.7 (C1), 116.3 
(C3)], 62.5 (OCH2), 32.1 (S-CH2). MS (ESI) (M+1): m/z 
435.4; calculated 434.4.
2-[4-(4-methoxybenzylidenamino)-5-(naphthalen-4-yloxy)
methyl-4H-1,2,4-triazol-3-yl thio] acetic acid (3h)

IR (KBr, cm−1): 3210.0 (OH), 3064.5 (Ar C-H), 2955.5 
(OCH2), 2672.5 (CH2), 1720.5 (C=O), 1594.4 (C=N). 1H 
NMR (400 MHz, DMSO-d6, δ ppm): 12.8 (s, 1H, OH), 10.1 
(s, 1H, HC=N), 8.1-6.4 (m, 11H, Ar-H), 5.2 (s, 2H, OCH2), 
3.9 (s, 2H, CH2), 3.7 (s, 3H, OCH3). 

13C-NMR (400 MHz, 
CDCl3,δ ppm): 173.4 (C=O), (triazole) C [162.4 (C5), 149.2 
(C3)], (naphthalene ring) C [156.8 (C1), 134.3 (C5), 127.8 
(C6 and C10), 125.8 (C7 and C3), 125.1 (C8), 122.4 (C9), 120.6 
(C4), 104.4 (C2)], 159.3 (HC=N), Ar (benzylidene) C [163.2 
(C4), 130.4 (C2 and C6), 124.5 (C1), 114.3 (C3 and C5)], 60.9 
(OCH2), 55.8 (OCH3), 30.8 (S-CH2).

2-[4-(4-methylbenzylidenamino)-5-(naphthalen-4-yloxy) 
methyl-4H-1,2,4-triazol-3-yl thio] acetic acid (3i)

IR (KBr, cm−1): 3201.8 (OH), 3054.2 (Ar C-H), 2920.6 
(OCH2), 2754.7 (CH2), 1734.0 (C=O), 1593.5 (C=N). 1H 
NMR (400 MHz, DMSO-d6, δ ppm): 11.3 (s, 1H, OH), 9.2 
(s, 1H, HC=N), 8.1-6.4 (m, 11H, Ar-H), 5.2 (s, 2H, OCH2), 
3.8 (s, 2H, CH2), 2.3 (s, 3H, CH3). MS (ESI) (M+2): m/z 
434.4; calculated 432.4.
2-[4-(4-chlorobenzylidenamino)-5-(naphthalene-4-yloxy)
methyl-4H-1,2,4-triazol-3-yl thio] acetic acid (3j)

IR (KBr, cm−1): 3200.2 (OH), 3050.5 (Ar C-H), 2914.8 
(OCH2), 2373.8 (CH2), 1716.4 (C=O), 1591.0 (C=N). 1H 
NMR (400 MHz, DMSO-d6, δ ppm): 11.0 (s, 1H, OH), 9.3 
(s, 1H, HC=N), 8.1-6.4 (m, 11H, Ar-H), 5.2 (s, 2H, OCH2), 
3.8 (s, 2H, CH2). MS (ESI): m/z 452.9; calculated 452.9.

Synthesis of 2-[4-amino-5-(naphthalen-4-yloxy)methyl-
4H-1,2,4-triazol-3-yl] isonicotinyl hydrazide 4[18]

IR (KBr, cm−1): 3441.3 (NH2), 3225.0 (NH), 1650.1 
(amide C=O), 1612.5 (C=N). 1H NMR (400 MHz, 
DMSO-d6, δ ppm): 8.0 and 4.3 (s, 2H, NH’s), 7.8-6.6 (m, 
11H, ArH), 5.2 (s, 2H, OCH2), 2.0 (s, 2H, NH2). 

13C-NMR 
(400 MHz, DMSO-d6, δ ppm):164.5 (amide C=O), (triazole) 
C [151.8 (C5), 148.3 (C3)], (pyridine) C [148.9 (C3 and C5), 
140.3 (C4), 122.7 (C2 and C6)], (naphthalene ring) C [156.5 
(C1), 134.7 (C5), 127.3 (C6 and C10), 126.3 (C7 and C3), 125.2 
(C8), 122.2 (C9), 120.5 (C4), 104.4 (C2)], 63.4 (OCH2). MS 
(ESI): m/z 375.4; calculated 375.3.

General procedure for the synthesis of 
2-[4-(2-substituted benzylideneamino)-5-
(naphthalen-4-yloxy) methyl-4H-1,2,4-triazol-3-yl] 
isonicotinyl hydrazide 5(k-o)[19]

A mixture of 2-[4-amino-5-(naphthalen-4-yloxy)methyl-
4H-1,2,4-triazol-3-yl] isonicotinyl hydrazide 4 (0.01 mol), 
ethanol (95%, 30 ml), concentrated hydrochloric acid 
(0.5 ml), and substituted aromatic aldehyde (0.02 mol) was 
refluxed on water bath at 90°C for 4-6 h. The product was 
recrystallized from appropriate solvent.
2-[4-(benzylidenamino)-5-(naphthalen-4-yloxy)methyl-
4H-1,2,4-triazol-3-yl] isonicotinyl hydrazide (5k)

IR (KBr, cm−1): 3435.1 (NH), 1650.1 (amide C=O), 1612.5, 
1599.6 (C=N).,1H NMR (400 MHz, DMSO-d6, δ ppm): 8.2 
(s, 1H, N=CH), 7.0 and 4.1 (s, 2H, NH’s), 7.8-6.6 (m, 16H, 
ArH), 5.2 (s, 2H, OCH2).

13C-NMR (400 MHz, DMSO-d6, 
δ ppm): 164.7 (amide =O), pyridine triazole C [160.2 (C5), 
148.3 (C3)], (pyridine) C [148.5 (C3 and C5), 140.7 (C1), 122.4 
(C2 and C6)], (naphthalene ring) C [156.2 (C1), 134.4 (C5), 
127.3 (C6 and C10), 126.4 (C7 and C3), 125.4 (C8), 120.3 (C4), 
122.5 (C9), 104.4 (C2)] 157.2 (-CH=N), Ar (benzylidene) C 
[131.2 (C4), 133.8 (C1), 129.4 (C3 and C5), 126.5 (C2 and C6)], 
63.6 (OCH2). MS (ESI): m/z 463.5; calculated 463.4.
2-[4-(2-hydroxybenzylidenamino)-5-(naphthalen-4-
yloxy)methyl-4H-1,2,4-triazol-3-yl] isonicotinyl hydrazide 
(5l)

IR (KBr, cm−1): 3435.5 (NH), 3200.3 (OH), 1650.1 
(amide C=O), 1617.5, 1599.6 (C=N). 1H NMR (400 MHz, 
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DMSO-d6, δ ppm): 8.2 (s, 1H, N=CH), 7.0 and 4.1 (s, 2H, 
NH’s), 7.8-6.8 (m, 15H, ArH), 5.0 (s, 1H, 2-OH), 5.2 (s, 2H, 
OCH2). MS (ESI) (M+1): m/z 480.4; calculated 479.4.
2-[4-(4-methoxybenzylidenamino)-5-(naphthalen-
4-yloxy)methyl-4H-1,2,4-triazol-3-yl] isonicotinyl 
hydrazide(5m)

IR (KBr, cm−1): 3435.5 (NH), 1625.5 (amide C=O), 1618.7, 
1588.5 (C=N). 1H NMR (400 MHz, DMSO-d6, δ ppm): 8.2 (s, 
1H, N=CH), 7.1 and 4.0 (s, 2H, NH’s), 7.8-6.8 (m, 15H, ArH), 
5.2 (s, 2H, OCH2), 3.7 (s, 3H, 4-OCH3). 

13C-NMR (400 MHz, 
DMSO-d6, δ ppm):164.8 (amide =O), (triazole) C [160.1 (C5), 
148.0 (C3)], pyridine C [149.3 (C3 and C5), 140.3 (C1), 122.7 
(C2 and C6)], (naphthalene ring) C [156.6 (C1), 134.3 (C5), 
128.2 (C6 and C10), 126.8 (C7 and C3), 125.4 (C8), 122.2 (C9), 
120.1 (C4), 104.2 (C2)], 157.2 (-CH=N), Ar (benzylidene) C 
[133.5 (C1), 131.1 (C4), 129.2 (C3 and C5), 126.2 (C2 and C6)], 
63.4 (OCH2).MS (ESI): m/z 493.5; calculated 493.5.
2-[4-(4-methylbenzylidenamino)-5-(naphthalen-4-yloxy)
methyl-4H-1,2,4-triazol-3-yl] isonicotinyl hydrazide (5n)

IR (KBr, cm−1): 3452.1 (NH), 1679.3 (amide C=O), 
1618.4, 1581.3 (C=N). 1H NMR (400 MHz, DMSO-d6, δ 
ppm): 8.0 (s, 1H, N=CH), 7.8 and 4.0 (s, 2H, NH’s), 7.8-
6.6 (m, 15H, ArH), 5.2 (s, 2H, OCH2), 2.3 (s, 3H, CH3).

13C-
NMR (400 MHz, DMSO-d6, δ ppm): 164.1 (amide =O), 
(triazole) C [162.4 (C5), 148.5 (C3)], pyridine C [149.3 (C3 
and C5), 140.3 (C1), 122.8 (C2 and C6)], (naphthalene ring) 
C [155.3 (C1), 134.1 (C5), 128.0 (C6 and C10), 125.9 (C7 and 
C3), 125.8 (C8), 122.5 (C9),120.7 (C4), 104.2 (C2)], 157.5 
(CH=N), Ar (benzylidene) C [132.5 (C1), 131.1 (C4), 129.5 
(C3 and C5), 126.2 (C2 and C6)], 63.2 (OCH2), 21.5 (CH3).
MS (ESI): m/z 477.3; calculated. 477.5.
2-[4-(4-chlorobenzylidenamino)-5-(naphthalen-4-yloxy)
methyl-4H-1,2,4-triazol-3-yl] isonicotinyl hydrazide (5o)

IR (KBr, cm−1): 3448.6 (NH), 1659.5 (amide C=O), 1615.2, 
1581.9 (C=N). 1H NMR (DMSO-d6, δ ppm): 8.7-7.1 (m, 
11H, ArH), 8.0 (s, 1H, N=CH), 7.9 (s, 2H, NH’s), 4.5 (s, 2H, 
OCH2),

1H NMR (400 MHz, DMSO-d6, δ ppm): 8.0 (s, 1H, 
N=CH), 7.5 and 4.0 (s, 2H, NH’s), 7.8-6.6 (m, 15H, ArH), 5.2 
(s, 2H, OCH2). MS (ESI) (M+1): m/z 498.1; calculated 497.9.

CONCLUSION

In this research work, we accomplished the synthesis of 
some novel series of 2-[4-(substituted benzylidenamino)-
5-(naphthalen-4-yloxy) methyl-4h-1,2,4-triazol-3-yl thio] 
acetic acid 3(f-j) and 2-[4-(2-substituted benzylidenamino)-
5-(naphthalen-4-yloxy)methyl-4h-1,2,4-triazol-3-yl] 
isonicotinyl hydrazide 5(k-o) [derivatives. The preliminary 
antibacterial, antitubercular, and antifungal activities 
screening result of these compounds depicted them as 
potential antimicrobial and antifungal leads endowed with 
moderate-to-excellent activity. Further enhancement in the 
activity can be achieved by slight modifications in the ring 
substituent.
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INTRODUCTION
Anrthacycline class of drugs (mainly doxorubicin) is one of the most  
effective anti-cancer agent used to treat various tumours such as solid  
tumors, leukemia, soft tissue sarcoma, breast cancer, small cell carcinoma  
of the lung and esophageal carcinomas.1 Proposed mechanisms by which 
doxorubicin acts include intercalation into DNA, DNA cross linking, 
induction of apoptosis by inhibition of topoisomerase –II, interference 
with DNA unwinding and direct membrane damage.2,3 Its use has been  
restricted due to its dose dependent cardiotoxicity, which leads to  
myocardial damage, resulting in cardiomyopathy with fatal congestive  
cardiac failure. Mechanisms for this cardiotoxicity are not completely  
understood. The possible proposed mechanisms are free radical generation,  
lipid peroxidation, mitochondria damage, decreased activity of Na+-K+ 
adenosine triphosphate, vasoactive amine release and cellular toxicity.4-7 
Several hypotheses have been postulated for the development of oxygen 
free radicals in the development of cardiomyopathy due to presence of 
semiquinone in the tetracycline aglycone molecule of doxorubicin and it 
is reported to increase the generation of superoxide radicals that damage  
the heart by exceeding detoxifying agents of cardiac mitochondrial  
tissues and sarcoplasmic reticulum.8 There are various strategies by 
which, doxorubicin induced cardiotoxicity can be reduced which includes  
reducing the total cumulative dose, co-therapy with protective agents, 
changing the chemical structure, encapsulation in liposomes and devel-
opment of safe new derivatives.9,10 It has been observed that, there is a 
growing interest in the use of natural antioxidants as a protective strategy 
against doxorubicin induced cardiotoxicity.

Boerhaavia diffusa Linn belongs to family Nyctaginaceae has been tradi-
tionally used in culinary practices and distributed all over India. Tradi-
tionally in Ayurveda it has been used for the cardiac disorders.11,12 It has  
been reported to have analgesic and anti-inflammatory,13 antistress,14  
antioxidant,15 hepatoprotective,16 anticonvulsant17 and diuretic.18 Earlier 
we reported that ethanolic extract of whole plant of Boerhaavia diffusa 
had protected cardiotoxicity induced by doxorubicin.19 Further studies  
were carried out for fractions of ethanolic extract whole plant of  
Boerhaavia diffusa to know the constituents responsible for cardiopro-
tective activity.

MATERIALS AND METHODS
Plant material
The whole plant of Boerhaavia diffusa was procured and authenticated  
by Dr. Madhav Chetty, Department of Botony, Sri Venkateshwar University,  
Tirupati, India. Shade dried plant was subjected to size reduction to  
obtain uniform coarse powder of 40 mesh sizes and powder of the plant 
was subjected to organoleptic evaluation like colour, taste and odour.

Preparation of the ethanolic extract and fractions
The ethanolic extract was prepared by macerating whole plant of  
Boerhaavia diffusa in ethanol for 1 h. Further hot extraction was carried 
out by refluxing for 1h, after 1h cooled and concentrated using rotary 
flash evaporator and dried undervaccum.20
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of aspartate transaminase (AST)26 and alanine transaminase (ALT).26  
Animals were sacrificed under ether anesthesia and a midline incision 
was performed and heart tissue was quickly dissected out, washed in ice 
cold saline, dried by filter paper.

Histopathological studies
The heart tissue sections were fixed in 10% formalin, the specimens 
were processed by standard procedure and embedded in paraffin wax.  
The blocks were sectioned from the ventricular portion and stained  
according to the hematoxylin and eosin method and were examined by 
microscopy.27

Statistical analysis
The experimental data were statistically analyzed using one-way analysis 
of variance (ANOVA) followed by Dunnett’s multiple comparison test 
using Graphpad Prism 5.0. Data were expressed as Mean ± S.E.M. and 
p<0.05 was considered as significant.

RESULTS
Phytochemical investigation
Preliminary phytochemical studies exhibited the presence of steroids 
and fatty acids in PEBD; alkaloids in CLBD; flavonoids, triterpenoids 
and tannins in EABD; and carbohydrates in AQBD.

General observations
Doxorubicin administered rats had a scruffy hair and red exudates 
around the eyes and soft watery faeces along with necrosis at the site 
of administration. These conditions were severe during the last six days 
of study period. But these changes were significantly less in pretreated 
EABD fraction and Std treated group rats. Figure 1 depicts that signifi-
cant reduction of body weight in doxorubicin (p<0.001) administered 
rats as compared to control group rats. It is due to reduced water and 
food consumption as shown in Table 1. However, among the treatment 
with different fractions, only EABD (p<0.5) and Std treated rats had 
significantly improved body weight (p<.0.5) as well as water and food 
consumption (p <0.001 and p<0.01) respectively as compared to doxo-
rubicin group.

Cardiac markers
The doxorubicin treated rats showed significant increase in LDH  
(p<0.001) and CK-MB (p<0.001) and also the presence of cardiac  
Troponin I as compared to control group (Table 2). The pretreatment 
groups EABD and standard treated rats had significantly decreased the  
levels of LDH (p<0.5 and p<0.01) and CK-MB (p<0.01 and p<0.01)  

The dried ethanolic extract of Boerhaavia diffusa was fractionated using  
petroleum ether, chloroform, ethyl acetate and aqueous in increasing 
order of their polarity. Each fraction was concentrated by using rotary 
evaporator and kept in desiccator to completely remove moisture. 

Chemicals and drugs
Doxorubicin was obtained as sample gift from Get Well Pharmaceuticals,  
India. All chemicals, solvents and enzyme assay kits were purchased of 
analytical grade.

Animals
Healthy albino Wistar rats were procured from Venkateswara enterprises,  
Bangalore and rats weighing between 150-200 g were used for the study 
after securing the ethical clearance from Institutional Animal Ethical 
Committee (Ref. No. KLEU’s-08-IAEC.HBL-31/Aug2013). All the rats 
were housed in a polyethylene cages, group of six under environmentally 
controlled room with 12 h light/dark cycle and they were fed with stan-
dard rat feed and water ad libitum was provided. Rats were acclimatized 
for one week to laboratory conditions before starting the experiment.

Preliminary phytochemical screening
Preliminary phytochemical screening was carried out for all fractions to 
confirm the presence of phytoconstituents.21,22

Experimental design
After one week of acclimatization, the animals were randomly divided 
into 7 groups of 6 animals in each as follows. 
Group I served as normal control, received vehicle 5 ml/kg body weight 
orally for two weeks followed by saline i.p. for two weeks.
Group II animals received vehicle 5 ml/kg body weight orally for two 
weeks followed by doxorubicin 2.5 mg/kg body weight i.p. in six equal 
injections alternative day for two weeks. 
Group III animals received Petroleum ether fraction of Boerhaavia  
diffusa (PEBD-20 mg/kg body weight p.o.) for two weeks followed by 
doxorubicin as in group II.
Group IV animals received Chloroform fraction of Boerhaavia diffusa 
(CLBD-25 mg/kg body weight p.o.) for two weeks followed by doxoru-
bicin as in group II.
Group V animals received Ethyl acetate fraction of Boerhaavia diffusa 
(EABD-30 mg/kg body weight p.o.) for two weeks followed by doxoru-
bicin as in group II.
Group VI animals received Aqueous fraction of Boerhaavia diffusa 
(AQBD-25 mg/kg body weight p.o.) for two weeks followed by doxoru-
bicin as in group II.
Group VII animals received Standard drug Vit-E (100 mg/kg body 
weight p.o.) for two weeks followed by doxorubicin as in group II.

Food and water
Food consumption and water intake were regularly measured for 
throughout study period for all the animals.

Enzyme assays
Thirty six hour after the last treatment, blood was withdrawn by retro-
orbital plexus under light ether anesthesia using heparinized microcapil-
laries for the estimation of various biomarkers like lactate dehydrogenase 
(LDH),23 creatinine phosphokinase (CPK)24 and troponin-I (cTnI).25 
After these experiments, all the animals were observed for next three 
weeks for the general appearance, behavior and mortality. After the three 
weeks, again blood was withdrawn by retro-orbital plexus under light 
ether anesthesia using heparinized microcapillaries for the estimation Figure 1: Effect of EEBD fractions on body weight
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respectively and also the absence of cardiac Troponin I as compared with 
doxorubicin group. 

Serum markers
Table 3 presents doxorubicin treated rats, produced significant increase 
in serum enzyme markers AST (p<0.001) and ALT (p<0.01) as com-
pared to control group but pretreated groups i.e. EABD and standard 
treated had significantly decreased the levels of AST (p<0.5 and p<0.01) 
and ALT (p<0.5 and p<0.01) respectively as compared to doxorubicin 
group.

Histopathological studies
Figure II showed heart tissue of doxorubicin treated rats exhibited loss 
of myofibrils, vacuolization of the cytoplasm and inflammatory cells 
compared to control rats which showed normal morphological appear-
ances. In EABD and standard pretreated rats there was minimal loss of 
myofibrils and vacuolization of cytoplasm as compared to doxorubicin 
treated group.

DISCUSSION
The Anthracycline derivative doxorubicin is one of the most cytotoxic  
antibiotic and useful in numerous chemotherapy regimens to treat  
haematological and other solid tumours. The mechanism for antineoplastic  
is by intercalation of DNA, preventing replication and protein synthesis,  
and inhibition of topoisomerase-II, preventing topoisomerase-II- 
dependent relegation after double-strand breakage. Although it is an 
effective anticancer drug, but dose dependent cardiotoxicity, which is 
characterized by acute or early/late onset chronic progressive cardiomy-
opathy is a common side effect of doxorubicin therapy and because of 
this its therapeutic use restricted or limited.28

Mitochondrial reductase reduces the doxorubicin by one electron and 
may generate anthracycline semiquinone free radicals29 and under aerobic  
conditions these are unstable and readily reduce molecular oxygen to 
the reactive oxygen species superoxide anion and hydrogen peroxide.30 

Table 1: Effect of EEBD fractions on water and food consumption

Groups Water (mL/day/rat) Food (g/day/rat)

Control 25.83±0.4469 24.07±0.4332

Dox 15.72±1.753### 14.79±1.633###

PEBD + Dox 17.72±1.604 14.89±1.496

CLBD + Dox 18.52±1.485 16.00±1.467

EABD + Dox 20.97±1.222* 20.21±0.8779*

AQBD + Dox 18.59±1.368 14.82±1.372

Std + Dox 22.86±0.7489*** 20.61±1.007**

The experimental data were statistically analyzed using one-way analysis of vari-
ance (ANOVA) followed by Dunnett’s multiple comparision test and expressed as 
Mean±S.E.M. (.n=6); ###p<0.001 when compared to control group, ***p<0.001 and 
*p<0.05 when compared to Dox. 
Dox- Doxorubicin, PEBD- Petroleum ether fraction, CLBD- Chloroform fraction, 
EABD- Ethyl acetate fraction, AQBD- Aqueous fraction, Std- Standard treated with 
Vitamin-E.

Table 2: Effect of EEBD fractions on cardiac markers

Groups LDH (IU) CK-MB (IU) Cardiac troponin I 
(cTnI)

Control 106.7±15.84 65.67±9.062 -

Dox 191.5±11.25### 159.5±10.72### +

PEBD + Dox 185.5±16.50 153.2±13.76 +

CLBD + Dox 179.0±10.41 155.2±10.88 +

EABD + Dox 140.3±10.17* 99.50±7.697** -

AQBD + Dox 173.3±9.691 154.5±15.09 +

Std + Dox 126.8±12.86** 91.17±15.27** -

The experimental data were statistically analyzed using one-way analysis of vari-
ance (ANOVA) followed by Dunnett’s multiple comparision test and expressed as 
Mean±S.E.M. (.n=6); ###p<0.001 when compared to control group; **p<0.01 and 
*p<0.05 when compared to Dox. 
Dox- Doxorubicin, PEBD- Petroleum ether fraction, CLBD- Chloroform fraction, 
EABD- Ethyl acetate fraction, AQBD- Aqueous fraction, Std- Standard treated with 
Vitamin-E.
‘+’ Present, ‘-’ Absent

Table 3: Effect of EEBD fractions on serum markers

Groups AST (IU) ALT (IU)

Control 40.17±6.745 29.67±5.445

Dox 121.7±19.13### 115.7±22.21###

PEBD + Dox 117.7±14.46 91.67±17.25

CLBD + Dox 120.5±12.36 96.17±15.27

EABD + Dox 71.00±12.65* 58.50±9.006*

AQBD + Dox 115.8±12.42 88.50±15.07

Std + Dox 58.67±10.46** 40.17±8.089**

The experimental data were statistically analyzed using one-way analysis of vari-
ance (ANOVA) followed by Dunnett’s multiple comparision test and expressed as 
Mean±S.E.M. (.n=6); ###p<0.001 when compared to control group; **p<0.01 and 
*p<0.05 when compared to Dox. 
Dox- Doxorubicin, PEBD- Petroleum ether fraction, CLBD- Chloroform fraction, 
EABD- Ethyl acetate fraction, AQBD- Aqueous fraction, Std- Standard treated with 
Vitamin-E.

Figure 2: Histopathological study of cardiac muscle tissue (a) Photomi-
crograph of normal group heart showing normal myocardial fibers and 
architecture. (b)Doxorubicin treated group showing loss of myocardial fibers 
and vacuolated cells.(c), (d) and (f ) Pretreated with PEBD, CLBD and AQBD 
respectively showing loss of myocardial fibers and vacuolated cells.(e) and 
(g) EABD+Dox and Std+Dox group respectively showing scanty myocardial 
fibers loss and vacuolated cells.
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Increased free radical generation in cardiomyocytes produces oxidative 
stress that may lead to multiple adverse effects.28

In present study we investigated the influence of four fractions (Petroleum  
ether, Chloroform, Ethyl acetate and Aqueous) of ethanolic extract of 
Boerhaavia diffusa against doxorubicin induced myocardial toxicity. 
Doxorubicin treated rats showed scruffy fur, alopecia and on later days  
red exudates around the eyes, nose and also necrosis at the site of injection.  
These changes were reduced in ethyl acetate fraction of EEBD and standard  
(Vit-E) treated group rats. There was reduction in body weight due to 
reduction in water and food consumption in doxorubicin treated rats. 
However these changes were prevented by ethyl acetate fraction and Std 
(Vit-E) pretreated rats.
This study also showed the oxidative damage due to increase in ROS in 
the cardiac tissue after administration of doxorubicin. Damage of cardiac  
tissue results into release of certain cardiac markers like LDH, CK-MB 
and cTn-I into the blood stream and these served as diagnostic markers 
of cardiac damage. The amount of these markers present in the blood 
reflects the alteration in plasma integrity and/or permeability.
After doxorubicin administration these cardiac markers levels were 
signi ficantly elevated which is an indicator of the myocardial damage 
which is in agreement with our earlier reports19. In pretreated groups 
only ethyl acetate fraction and Vit-E group significantly reduced the 
doxorubicin induced elevated cardiac markers. Hence this evidently 
confirms that the phytoconstituents mainly flavanoids present in the  
fractions are responsible for maintenance of normal structural and  
cardiac tissue architectural integrity thereby inhibiting the leakage of 
these markers into the blood stream which can be accounted for its 
membrane stabilizing property. 
Histopathological reports showed doxorubicin administered rats had 
enlarged heart, swollen mitochondria and presence of vacuoles within 
cytoplasm. There was degeneration of myocardial tissue, myofibrillar 
loss, myocardial hypertrophy and fragmentation of nuclei because of 
vacuolar changes in cardiac muscle fibers. These changes are due doxo-
rubicin has high affinity for the mitochondrial phospholipid cardiolipin, 
which is localized to the inner mitochondrial membrane and important 
to mitochondrial structure, function and metabolism in cardiomyocytes.  
Accumulation of doxorubicin in mitochondria via interaction with  
cardiolipin may produce a significant increase in reactive oxygen species 
in cardiac tissue.31The ethyl acetate fraction contains flavanoids, which 
might reduce the formation of reactive oxygen species, thus decreasing 
the oxidative stress and producing cardioprotective activity. It has been  
reported that the bioflavanoids have a protective effect on the DNA damage 
induced by the free radicals.32,33

CONCLUSION
The doxorubicin induced cardiotoxicity is mainly due to its oxidative 
stress. Ethyl acetate fraction of EEBD mainly containing flavonoids, 
which are responsible for its anti-oxidant property. Our study revealed 
that ethyl acetate fraction containing high amount of flavanoids may be  
considered as potentially useful in combination with doxorubicin to  
reduce/limit free radical mediated cardiac injury. However, further  
studies are certainly required to isolate and characterize flavonoid phyto-
constituents of ethyl acetate fraction responsible for cardio protective 
property.
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°«®½¸¿»¼ º®±³ Í·¹³¿ ß´¼®·½¸ ½±ò Þ¿²¹¿´±®»ô ×²¼·¿ò 
Õ·¬ º±® ´·ª»® °¿¬¸±°¸§·±´±¹·½¿´ ³¿®µ»® ©»®» °®±½«®»¼ 
º®±³ Û®¾¿ Ó¿²²¸»·³ò ÍÐ ¬©·² »´»½¬®±´§¬»ô ½¿´½·«³ ¿²¼ 
Ó¿¹²»·«³ µ·¬ ©»®» °®±½«®»¼ º®±³ Í°¿² ¼·¿¹²±¬·½ 
Ô¬¼ò ßÌÐ øß¼»²±·²» ¬®·°¸¿°¸¿¬»÷ ©¿ °«®½¸¿»¼ º®±³ 
Ø·³·¼»¿ Ðª¬òÔ¬¼ò Ó«³¾¿·ò ß´´ ±¬¸»® ½¸»³·½¿´ «»¼ ·² ¬¸· 
¬«¼§ ©»®» ¿²¿´§¬·½¿´ ¹®¿¼» º®±³ ÍÜ Ú·²» ½¸»³·½¿´ò 

Experimental animals

É·¬¿® ¿´¾·²± °¿¬¸±¹»²óº®»» ³¿´» ®¿¬ ©»·¹¸·²¹ 
ïððóïëð ¹ ©»®» ±¾¬¿·²»¼ º®±³ Í®· Ê»²µ¿¬»¸©¿®¿ 

Û²¬»®°®·»ô Þ¿²¹¿´±®»ò Ì¸» ¿²·³¿´ ©»®» ¸±«»¼ ·² 

°±´§°®±°§´»²» ½¿¹» ©·¬¸ ¸«µ ¾»¼¼·²¹ «²¼»® ¬¿²¼¿®¼ 
´¿¾±®¿¬±®§ ½±²¼·¬·±² ø¬»³°»®¿¬«®» îëðÝ oîðÝô ¿²¼  
ëð o ïð û ®»´¿¬·ª» ̧ «³·¼·¬§ ¿²¼ ïî ̧ ±«® ¼¿®µñ´·¹¸¬ ½§½´»÷ò 
Ì¸» ¿²·³¿´ ©»®» º»¼ ©·¬¸ ¬¿²¼¿®¼ °»´´»¬»¼ ¼·»¬ ¿²¼ 
¼®·²µ·²¹ ©¿¬»® ©¿ °®±ª·¼»¼ ad libitum. Þ»º±®» ¬¿®¬·²¹ 
±º »¨°»®·³»²¬ô ¿²·³¿´ ©»®» ¿½½´·³¿¬·¦»¼ ¬± ¬¸» ¿²·³¿´ 
®±±³ ½±²¼·¬·±² º±® ±²» ©»»µò

Animal treatment

Ì¸» »¨°»®·³»²¬ ©¿ ¼»·¹²»¼ ¿²¼ ½±²¼«½¬»¼ ©·¬¸ 
¿¼¸»®»²½» ¬± ¬¸» »¬¸·½¿´ ¹«·¼»´·²» ®»¹«´¿¬»¼ ¾» ¬¸» 
Ý±³³·¬¬»» º±® ¬¸» Ð«®°±» ±º Ý±²¬®±´ ¿²¼ Í«°»®ª··±² 
±º Û¨°»®·³»²¬ ±² ß²·³¿´ øÝÐÝÍÛß÷ ¿²¼ ¬«¼§ ©¿ 
®»ª·»©»¼ ¿²¼ ¿°°®±ª»¼ ¾§ ¬¸» ×²¬·¬«¬·±²¿´ ß²·³¿´ Û¬¸·½ 
Ý±³³·¬¬»» ø×ßÛÝ÷ò Ì¸» ®¿¬ ©»®» ®¿²¼±³´§ ¼·ª·¼»¼ ·²¬± 
º±«® ¹®±«°ô »¿½¸ ¹®±«° ½±²¬¿·²·²¹ ·¨ ¿²·³¿´ ø²ãê÷ò 
Ì¸» »¨°»®·³»²¬¿´ ¼»·¹² ¿²¼ ¬®»¿¬³»²¬ °®±¬±½±´ ©»®» ·² 
Ì¿¾´» × ¿²¼ Ú·¹ò îò

Collection of Blood 

ß¬ ¬¸» »²¼ ±º ¬¸» ¬®»¿¬³»²¬ ¾´±±¼ ©¿ ½±´´»½¬»¼ ©·¬¸ 
¼»»° ·²¸¿´¿¬·±² ¿²»¬¸»·¿ ¾§ «» ±º ·±º´«®¿²»ô ¾´±±¼ 
¿³°´» ©»®» ½±´´»½¬»¼ ¾§ ®»¬®± ±®¾·¬¿´ °«²½¬«®» ¿²¼ 
¿´́ ±©»¼ ¬± ½´±¬ º±® ±²» ̧ ±«® ¿¬ ®±±³ ¬»³°»®¿¬«®»ò Ý»²¬®·º«¹» 
¿¬ ìððð ®°³ º±® ïë ³·²ò ¬± »°¿®¿¬» »®«³ ¿²¼ ¿²¿´§¦»¼ 
¬¸» ¿³» º±® ¬¸» º±´´±©·²¹ ±¾»®ª¿¬·±²ò

Table I: Experimental design and treatment protocol

Groups Treatment Study period

Ù®±«° × ó  
Ò±®³¿´ ½±²¬®±´

Î»½»·ª» ðòçû ©ñÊ ²±®³¿´ ¿´·²» ¼¿·´§ º±® ïê ©»»µïî

ïê É»»µ

Ù®±«° ××ó 
Ü·»¿» ½±²¬®±´

Î»½»·ª»¼ ÜÛÒ ¿¬ ¿ ·²¹´» ¼±» ±º îðð ³¹ñµ¹ ø¾±¼§ ©»·¹¸¬÷ ·²¬®¿°»®·¬±²»¿´´§ ±² 
ï¬ ©»»µ º±´´±©»¼ ¾§ ¿¼³·²·¬®¿¬·±² ±º °¸»²±¾¿®¾·¬¿´ øÐÞ÷ øðòðëû ©ñÊ÷ ¼¿·´§ ¿º¬»® 
î²¼ ©»»µ ¬¸®±«¹¸ ¼®·²µ·²¹ ©¿¬»® «° ¬± ïê «½½»·ª» ©»»µò ïîóïí

Ù®±«° ×××ó
Ì®»¿¬³»²¬ ¹®±«°

Î»½»·ª»¼ ÜÛÒ ¿¬ ¿ ·²¹´» ¼±» ±º îðð ³¹ñµ¹ ø¾±¼§ ©»·¹¸¬÷ ·²¬®¿°»®·¬±²»¿´´§ ±² 
ï¬ ©»»µ º±´´±©»¼ ¾§ ¿¼³·²·¬®¿¬·±² ±º Ð¸»²±¾¿®¾·¬¿´ øÐÞ÷ øðòðëû ©ñÊ÷ ¼¿·´§ ¿º¬»® 
î²¼ ©»»µ ¬¸®±«¹¸ ¼®·²µ·²¹ ©¿¬»® «° ¬± ïê ©»»µò Ð·°»®·²» ©¿ ¹·ª»² ±®¿´´§ ¿º¬»® 

î²¼ ©»»µ ¿¬ ¿ ¼±» ±º ëð ³¹ñµ¹ïìóïë ø¾±¼§ ©»·¹¸¬÷ «° ¬± ïê «½½»·ª» ©»»µò

Ù®±«°ó×Êó
Ð·°»®·²» Ñ²´§

Î»½»·ª»¼ Ð·°»®·²» ±®¿´´§ ¿º¬»® î²¼ ©»»µ ¿¬ ¿ ¼±» ±º ëð ³¹ñµ¹ø¾±¼§ ©»·¹¸¬÷ «° 
¬± ïê «½½»·ª» ©»»µ

Fig. 1: Chemical structure of (a) Piperine, (b) 
N-Nitrosodiethylamine (DEN)
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Table II: Initial and Final Body, Liver and Relative liver weights

Group Rat initial weight  
(in grams)

 
(in grams)

Liver weight  
(in grams)

Relative liver weight 

Ù®±«° × ïìðòèí o íòëî íïéòëð o çòçè ïîòð o ðòëï íòè o ðòïî

Ù®±«° ×× ïéïòêé o ìòçì îëïòêé o ïïòìë ïíòé o ðòíê ëòë o ðòïèööö

Ù®±«° ××× ïêéòëð o éòíç îêèòíí o ïðòîî ïðòé o ðòíìý ìòð o ðòïïýýý

Ù®±«° ×Ê ïìëòðð o ëòíî íîðòèí o èòí ïîòì o ðòíê íòç o ðòðç

Biochemical studies

Ì¸» ¿½¬·ª·¬·» ±º Í»®«³ ©¿ »°¿®¿¬»¼ ¿²¼ ´»ª»´ 
±º »®«³ ¹´«¬¿³·½ó±¨¿´±¿½»¬·½ ¬®¿²¿³·²¿» øÍÙÑÌ÷ô 
»®«³ ¹´«¬¿³·½ó°§®«ª·½ ¬®¿²¿³·²¿» øÍÙÐÌ÷ô ¿½·¼ 
°¸±°¸¿¬¿» øßÝÐ÷ô ¿´µ¿´·²» °¸±°¸¿¬¿» øßÔÐ÷ô ́¿½¬¿¬» 
¼»¸§¼®±¹»²¿» øÔÜØ÷ô ¹¿³³¿ ¹´«¬¿³§´¬®¿²º»®¿» 

¿² ¿«¬±³¿¬»¼ ÛÎÞß ¾·±½¸»³·½¿´ ¿²¿´§¦»®ò Ì¸» ¬±¬¿´ 

°®±¬»·² ·² ¬¸» »®«³©¿ »¬·³¿¬»¼ ¾§ Ô±©®§Ž ³»¬¸±¼ïê 

¿²¼ ¯«¿²¬·º·½¿¬·±² ±º ÜÒß ©¿ »¬·³¿¬»¼ ¾§ «·²¹ 
Ï×ßÙÛÒ µ·¬ò

Enzyme linked immunosorbent assay (ELISA) of 

AFP & CEA17,18

Ì¸» ¯«¿²¬·¬¿¬·ª» »¬·³¿¬·±² ±º ´·ª»® ¬«³±® ³¿®µ»® 
óº»¬± °®±¬»·² øßÚÐ÷ ¿²¼ ½¿®½·²±»³¾®§±²·½ ¿²¬·¹»² øÝÛß÷ 

©¿ ³±²·¬±®»¼ ¾¿»¼ ±² ±´·¼ °¸¿» »²¦§³» ´·²µ»¼ 
·³³«²±±®¾»²¬ ¿¿§ øÛÔ×Íß÷ò 

Estimation of Membrane bound enzymes & 

Electrolytes

Ò¿õñÕõ ßÌÐ¿» ©»®» »¬·³¿¬»¼ ¾§ ¬¸» ³»¬¸±¼ ±º 
Þ±²¬·²¹ïçò Ì¸» ¿½¬·ª·¬§ ±º Ý¿îõßÌÐ¿» ©¿ ¿¿§»¼ 

¾§¬¸» ³»¬¸±¼ ±º Ø¶»®¬»² ¿²¼ Ð¿²îðò Ì¸» ¿½¬·ª·¬§ ±º 
Ó¹îõßÌÐ¿» ©¿ ¿¿§»¼ ¾§ ¬¸» ³»¬¸±¼ ±º Ñ¸²·¸· et 
alîïòô ¬¸» ½±²½»²¬®¿¬·±² ±º Í±¼·«³ ú Ð±¬¿·«³ ·² »®«³ 
©»®» »¬·³¿¬»¼ ¾§ Ù·´¾»®¬Ž ³»¬¸±¼îîô ½±²½»²¬®¿¬·±² ±º 
½¿´½·«³ ·² »®«³ ©¿ »¬·³¿¬»¼ ¾§ Í¬»·² et. al îî ¿²¼ 
»®«³ ³¿¹²»·«³ ½±²½»²¬®¿¬·±² ©¿ »¬·³¿¬»¼ ¾§ 
Ù·²¼´»®Ž ³»¬¸±¼îíò

Histopathological studies

ß °±®¬·±² ±º ¬¸» ´·ª»® ©¿ ½«¬ ·²¬± îóí °·»½» 
¿°°®±¨·³¿¬»´§ ê ³³ ·¦» ¿²¼ º·¨»¼ ·² °¸±°¸¿¬» ¾«ºº»®»¼ 
ïðû º±®³¿´¼»¸§¼» ±´«¬·±²ò ßº¬»® »³¾»¼¼·²¹ ·² ¬¸» 
°¿®¿ºº·² ©¿¨ô ¬¸·² »½¬·±² ±º ë k³ ¬¸·½µ²» ±º ́ ·ª»® ¬·«» 
©»®» ½«¬ ¿²¼ ¬¿·²»¼ ©·¬¸ Ø¿»³¿¬±¨§´·²»±··² ¬¿·²·²¹ò 
Ì¸» ¬¸·² »½¬·±² ±º ´·ª»® ©»®» ³¿¼» ·²¬± °»®³¿²»²¬ 
´·¼» ¿²¼ »¨¿³·²»¼ «²¼»® ¸·¹¸ ®»±´«¬·±² ³·½®±½±°» 
©·¬¸ °¸±¬±¹®¿°¸·½ º¿½·´·¬§ò Ð¸±¬±³·½®±¹®¿°¸ ©»®» ¬¿µ»² 
¿²¼ ¸±©² ·² Ú·¹ò èò

Statistical analysis

Ì¸» ¼¿¬¿ ©¿ ½±³°«¬»¼ ¾§ «·²¹ Ù®¿°¸ Ð¿¼ 
Ð®·³ Í±º¬©¿®» ª»®·±² ëòðò Ì¸» ¬¿¬·¬·½¿´ ·¹²·º·½¿²½» 
©¿ ¿²¿´§¦»¼ ¾§ «·²¹ ±²»ó©¿§ ßÒÑÊß º±´´±©»¼ ¾§ 
Þ±²º»®®±²·Ž ³«´¬·°´» ½±³°¿®·±² ¬»¬ò ° ª¿´«» ä ðòðë 
©»®» ½±²·¼»®»¼ ¬± ·²¼·½¿¬» ¬¿¬·¬·½¿´ ·¹²·º·½¿²½»ò ß´´ ¬¸» 
®»«´¬ ©»®» »¨°®»»¼ ¿ ³»¿² o ÍÛÓ º±® ·¨ ¿²·³¿´ 
·² »¿½¸ ¹®±«°ò

RESULTS

General observations

Û¨°»®·³»²¬¿´ ®¿¬ ©»®» ©»´´ ¬±´»®¿¬»¼ ±®¿´ ¿¼³·²·¬®¿¬·±² 

±º ÜÛÒ ú ÐÞô ¿²¼ ¬¸»®» ©»®» ²± ½´·²·½¿´ ·¹² ±º ¬±¨·½·¬§ 
®»´¿¬»¼ ¼»¿¬¸ ·² ¬¸» ¹®±«° ¼«®·²¹ ¬¸» »¨°»®·³»²¬¿´ 
°»®·±¼ô ¬¸»®» ©¿ ¿ ³±¼»®¿¬» ½¸¿²¹» ·² º±±¼ ¿²¼ ©¿¬»® 
½±²«³°¬·±² ¿²¼ ³±¼»®¿¬» ¼·ºº»®»²½» ·² ¹®±©¬¸ ®¿¬» ±º 
½±²¬®±´ ¿²¼ ¬®»¿¬³»²¬ ¹®±«°ô ¬¸» ¼¿¬¿ ±² ³»¿² ¾±¼§ 
©»·¹¸¬ô ́·ª»® ©»·¹¸¬ ¿²¼ ®»´¿¬·ª» ́·ª»® ©»·¹¸¬ ±º »¨°»®·³»²¬¿´ 
¿²·³¿´ ¿º¬»® »¨°»®·³»²¬¿´ °»®·±¼ ©»®» «³³¿®·¦»¼ ·² 
Ì¿¾´» ××ò

Fig. 2: Schematic representation of the experimental 
protocol involving DEN exposed experimental rat 

hepatocellular carcinogenesis.
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Table III: Biochemical studies

 Group I Group II Group III Group IV

íòï Þ·± ½¸»³·½¿´ ¬«¼·»

ÍÙÑÌ øËñÔ÷ ïðìòîê  o çòèï íççòéï  o èòîööö îïçòîð o ïëòééýýý ïïèòçë  o ïèòè

ÍÙÐÌ øËñÔ÷ êîòçî  o ïîòíé ïêëòëï  o ïéòéêöö èëòêí  o çòìý ëêòéé  o èòíì

ßÔÐ øËñÔ÷ ïïðòêç  o ïèòìé îëîòéî  o ïçòëìööö ïçêòìð o ïéòîíýýý çîòíè  o êòéí

ßÝÐ ø³¹û÷ ïòêê  o ðòìï íòêï  o ðòéìööö íòðí  o  ðòíì² îòîî  o ðòîì

ÔÜØ øËñÔ÷ ïðèòïï  o ïèòîé îëïòíî  o îðòëçööö ïêíòéë  oîðòêýýý ïðëòêì  o ìòí

ÙÙÌ øËñÔ÷ ïèòéð  o ïòèí ëðòçè o èòîêööö íçòêè  o ìòðéý îíòçì  o îòêî

ÌÞÔ ø³¹û÷ ðòìê  o ðòïï ïòìí  o ðòîïöö ðòíì  o  ðòéëýý ðòçï  o ðòéì

ÜÒß øk¹ñ³Ô÷ íçòêð o îòëì ííçòïé o îèòçèööö çðòíé o èòèîýý ìðòëî o ìòêï

Ìò Ð®±¬»·² ø³¹û÷ éòéí o ðòìï íòðç o ðòéìööö ëòéð o ðòéïýý éòçë o ðòëî

3.2 Enzyme linked immunosorbant assay (ELISA) of AFP & CEA

ßÚÐ ø²¹ñ³Ô÷  ðòïè o ðòðî ðòêî o ðòðîööö ðòìî oðòðíýýý ðòïç o ðòðî

ÝÛß ø²¹ñ³Ô÷ ðòîï o ðòðî ðòëì o ðòðíööö ðòìê o ðòðíýýý ðòîì o ðòðî

3.3 Estimation of Membrane bound enzymes& Electrolytes

Ý¿îõñßÌÐ¿¹»  
(µmoles/min/mg protein)

îòíí o ðòîï ðòèì o ðòïðööö ïòïê o ðòïêý îòíï o ðòíð

Ò¿õñÕõßÌÐ¿¹»  
(µmoles/min/mg protein)

îòðç o ðòïë ðòèí o ðòðçööö ïòìç o ðòîçýý îòíð o ðòïç

Ó¹îõ ßÌÐ ¿¹»  
(µmoles/min/mg protein)

îòêï o ðòîè ðòéì o ðòðêöö ðòçê o ðòðë² îòíï o ðòîë

Í±¼·«³ ø³Û¯ñÔ÷ ïìêòîéo îòèí çîòîð  o íòìçööö ïíìòèê o ëòððýýý ïìéòçë o êòéç

Ð±¬¿·«³ ø³Û¯ñÔ÷ êòðï o ðòìí ïðòçì o ðòìçööö éòðì o ðòìðýýý êòðé o ðòëç

Ý¿´½·«³ ø³¹û÷ êòïî o ðòèç ïìòëç o ïòîïööö èòëì o ðòèéýýý éòïè o ðòéè

Ó¿¹²»·«³ ø³¹û÷ ëòêî o ðòëî ïðòéï o ðòìëööö éòëê o ðòìèýýý ëòïè o ðòëì

### ## #

of respectively.
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Ì¸» ®»´¿¬·ª» ´·ª»® ©»·¹¸¬ ±º ÜÛÒ ¿¼³·²·¬»®»¼ ®¿¬ 

©¿ ·¹²·º·½¿²¬´§ ø°ä ðòððï÷ ·²½®»¿»¼ ¿ ½±³°¿®»¼ 
©·¬¸ ½±²¬®±´ ¹®±«° ¿²¼ °·°»®·²» ¬®»¿¬»¼ ¹®±«° ¸±©»¼ 
·¹²·º·½¿²¬ ø°ä ðòððï÷ ®»¼«½¬·±² ·² ¬¸» ®»´¿¬·ª» ́ ·ª»® ©»·¹¸¬ 
½±³°¿®»¼ ©·¬¸ ÜÛÒ ¿¼³·²·¬»®»¼ ®¿¬ò

Biochemical studies

Ûºº»½¬ ±º °·°»®·²» ±² ´·ª»® ³¿®µ»® »²¦§³» øÍÙÑÌô 

·² ¬¸» »®«³ ±º ½±²¬®±´ ¿²¼ »¨°»®·³»²¬¿´ ¹®±«° ±º ®¿¬ 

¿ ¸±©² ·² Ì¿¾´» ×××ò 

Ì¸» ÜÛÒ ¿¼³·²·¬»®»¼ øÙ®±«° ××÷ ®¿¬ ®»º´»½¬ 
·¹²·º·½¿²¬ øÐä ðòððï÷ »´»ª¿¬·±² ·² ¬¸» ́·ª»® ½»´´ ³»¬¿¾±´·³ô 
©¸·½¸ ́»¿¼ ¬± ¼·¬·²½¬·ª» ½¸¿²¹» ·² ́·ª»® ³¿®µ»® »²¦§³» 
©¸»² ½±³°¿®»¼ ©·¬¸ ²±®³¿´ ½±²¬®±´ øÙ®±«° ×÷ ®¿¬ò 
×²½®»¿»¼ »²¦§³» ́»ª»´ ¿®» ·²¼·½¿¬±® ±º ́ ·ª»® ¼¿³¿¹»ò 
Ì¸» ¬®»¿¬³»²¬ ¹®±«° ±º °·°»®·²» ¸±©»¼ ·¹²·º·½¿²¬ 
øÐä ðòðë óÐä ðòððï÷ ¼»½®»¿» ·² ¬¸» ¿½¬·ª·¬·» ±º ¬¸»» 
»²¦§³» ©¸»² ½±³°¿®»¼ ©·¬¸ ÜÛÒ ·²¼«½»¼ ¹®±«° ®¿¬ò 

Ø±©»ª»®ô ¬¸» ¬¿¬« ·º ¬¸»» ³¿®µ»® »²¦§³» ·² Ð·°»®·²» 
¿´±²» ¿¼³·²·¬»®»¼ ¹®±«° ¼±» ²±¬ »¨¸·¾·¬ ¿²§ ·¹²·º·½¿²¬ 
¿´¬»®¿¬·±²ô ©·¬¸ ·²¼·½¿¬» ¬¸» ²±²ó¬±¨·½ ²¿¬«®» ±º °·°»®·²» 
¿ ¸±©² ·² Ú·¹ò í ø¿÷ ú ì ø¾÷ò 

Enzyme linked immunosorbant assay (ELISA) of 

AFP and CEA

ß´º¿ º»¬±°®±¬»·² ¿²¼ Ý¿®½·²±»³¾®§±²·½ ¿²¬·¹»² ¿®» 
¬¸» ³±¬ »¨¬»²·ª» ¬«³±® ³¿®µ»® «»¼ ·² ¬¸» ¼·¿¹²±· 

±º ØÝÝò Ì¸»®»º±®»ô ¸·¹¸ ´»ª»´ ±º ßÚÐ ¿²¼ ÝÛß ¿®» 

¾»´·»ª»¼ ¬± ¾» ¿ ¬®±²¹ ·²¼·½¿¬±® ±º ̧ »°¿¬·½ ½¿®½·²±¹»²»· 
¾»½¿«» ³±®» ¬¸¿² èðû ±º ØÝÝ °¿¬·»²¬ ̧ ¿ª» ̧ ·¹¸ »®«³ 
½±²½»²¬®¿¬·±² ±º ßÚÐ ¿²¼ ÝÛß ¼«» ¬± ¬«³±® ¾«®¼»²ò 
Ì¸» »ºº»½¬ ±º °·°»®·²» ·² ÜÛÒ ¿¼³·²·¬»®»¼ øÙ®±«° ××÷ 
®¿¬ô ¬¸»®» ©¿ ¿ ·¹²·º·½¿²¬ ø°äðòððï÷ ·²½®»¿» ·² ¬¸» 
´»ª»´ ±º ¬¸»» ¬«³±® ³¿®µ»® ½±³°¿®»¼ ©·¬¸ ²±®³¿´ 
½±²¬®±´ øÙ®±«° ×÷ ®¿¬ô ©¸·½¸ ½±«´¼ ¾» ¼«» ¬± ¬«³±® ½»´´ 
°®±´·º»®¿¬·±²ò Ø±©»ª»®ô ¬¸» ́ »ª»´ ±º ¬¸»» ¬«³±® ³¿®µ»® 
©»®» ·¹²·º·½¿²¬´§ø°äðòððï÷ ¿¾®·¼¹»¼ ·² °·°»®·²» ¬®»¿¬³»²¬ 
¹®±«°ô © ·̧½¸ ©¿ °®»«³¿¾´§ ¼«» ¬± ·²¸·¾·¬·±² ±º ³¿´·¹²¿²¬ 
¬®¿²º±®³¿¬·±² ¿²¼ ¬¸»®»º±®» ¼»½®»¿» ·² ¬¸» ¬«³±® 
°®±¼«½¬·±² ®¿¬» ¬¸¿¬ ¿®» ¿±½·¿¬»¼ ©·¬¸ ¿²¬·ó°®±´·º»®¿¬·ª» 
»ºº»½¬ô ¸±©² ·² Ì¿¾´» ××× ¿²¼ Ú·¹ ìò

Estimation of Membrane bound enzymes& 

Electrolytes

Ì¿¾´» ××× ®»°®»»²¬ô ÜÛÒ ¬®»¿¬³»²¬ ¹®±«° øÙ®±«°ó××÷ 
½¿«»¼ ·¹²·º·½¿²¬ øÐä ðòððï÷ ®»¼«½¬·±² ·² ¬¸» ¿½¬·ª·¬·» ±º 
Ò¿õñÕõ ßÌÐ¿»ô Ý¿îõ ßÌÐ¿» ¿²¼ Ó¹îõ ßÌÐ¿» ·² ¬¸» ́·ª»® 

¬·«» ±º ®¿¬ ¿ ½±³°¿®»¼ ¬± ½±²¬®±´ øÙ®±«°ó×÷ô ©¸»®»¿ 
°·°»®·²» ¬®»¿¬³»²¬ ¹®±«° øÙ®±«°ó×××÷ ©¿ ·¹²·º·½¿²¬´§ 
øÐäðòðëô Ðä ðòððï º±® Ý¿îõ ßÌÐ¿»ô Ò¿õñÕõ ßÌÐ¿» 
®»°»½¬·ª»´§÷ °®»ª»²¬»¼ ¬¸» ®»¼«½¬·±² ·² ¬¸» ¿½¬·ª·¬·» ±º 
³»³¾®¿²» ¾±«²¼ »²¦§³» ¿²¼ ®»ª»®¬ ¬¸»·® ª¿´«» ¬±©¿®¼ 
²±®³¿´ò Î»«´¬ ¿®» ¸±©² ·² Ú·¹ ëò 

Fig. 4: Assay of AFP and CEA

Fig. 5 : Membrane bound enzymes

DEN/PB group.

Û´»½¬®±´§¬» «½¸ ¿ »®«³ ±¼·«³ô °±¬¿·«³ ¿²¼ 
³¿¹²»·«³ ½±²½»²¬®¿¬·±² ©»®» ·¹²·º·½¿²¬´§ øÐäðòðë÷ 
®»¼«½»¼ô ©¸»®» ¿®» ·¹²·º·½¿²¬ øÐäðòððï÷ ·²½®»¿» ·² 
¬¸» »®«³ ½¿´½·«³ ½±²½»²¬®¿¬·±² ©»®» ±¾»®ª»¼ô ©¸·½¸ 
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·²¼·½¿¬» ¬¸» º´«·¼ ú »´»½¬®±´§¬» ·³¾¿´¿²½» ·² ¬¸» ÜÛÒ 
¬®»¿¬»¼ ¹®±«° øÙ®±«° ××÷ ½±³°¿®»¼ ©·¬¸ ²±®³¿´ ¹®±«° 
øÙ®±«° ×÷ò Ð·°»®·²» ¬®»¿¬³»²¬ ¹®±«° ¸±©² øÙ®±«° ×××÷ 
³·´¼ »´»ª¿¬·±² ·² »®«³ °±¬¿·«³ ¿²¼ ³¿¹²»·«³ 
½±²½»²¬®¿¬·±² ¿²¼ ¼»º´¿¬·±² »®«³ ½¿´½·«³ ´»ª»´ 
½±³°¿®»¼ ©·¬¸ ÜÛÒ ¬®»¿¬³»²¬ ¹®±«° øÙ®±«° ××÷ô ̧ ±©»ª»® 
°·°»®·²» ¸±© ·¹²·º·½¿²¬ »´»ª¿¬·±² øÐäðòððï÷ ·² »®«³ 
±¼·«³ ´»ª»´ ½±³°¿®»¼ ©·¬¸ ÜÛÒ ¬®»¿¬³»²¬ ¹®±«°ô 
Î»«´¬ ¿®» ¸±©² ·² Ú·¹ò ê ø¿÷ ¿²¼ ø¾÷ò

è øÞ÷ ÜÛÒñÐÞ ¬®»¿¬³»²¬ ¹®±«° øÙ®±«° ××÷ ¸±© º±½¿´ 

²»½®±· ¿²¼ ·²º´¿³³¿¬·±² ·² ¬¸» ´·ª»® øß®®±©÷ ¿²¼ 
¸»°¿¬±½»´´«´¿® ¼»¹»²»®¿¬·±² ¾§ ÜÛÒò è øÝ÷ ÜÛÒñÐÞ õ 
Ð·°»®·²» ¬®»¿¬³»²¬ ¹®±«° øÙ®±«° ×××÷ ¼»°·½¬ ·³°®±ª»³»²¬ 
·² ¬¸» ¿®½¸·¬»½¬«®» ©·¬¸ ´»»® ¼¿³¿¹» ±º ¸»°¿¬±½§¬» 
¿²¼ ´±© ·²¼»¨ ±º ²»½®±·ò è øÜ÷ Ð·°»®·²» ±²´§ ¬®»¿¬³»²¬ 
¹®±«° øÙ®±«° ×Ê÷ ¸±© ²±®³¿´ ´±¾«´¿® ¿®½¸·¬»½¬«®» ¿²¼ 
²±®³¿´ ¸»°¿¬±½§¬»ò

DISCUSSION

Ü§®»¹«´¿¬»¼ °®±´·º»®¿¬·±² · ±²» ±º ¬¸» ³¿·² 
½¸¿®¿½¬»®·¬·½ ³»½¸¿²·³ º±® ¬«³»®·¹»²»· ©¸·½¸ 
¿½¯«·®» ¿¬ ¼·ºº»®»²¬ ¬¿¹» ±º ½¿²½»® ¼»ª»´±°³»²¬ò Ô·µ» 
·²·¬·¿¬·±²ô °®±³±¬·±² ¿²¼ °®±¹®»·±² ±º ¬«³±® ¹®±©¬¸ô 
¬¸»®»¾§ ·²½®»¿·²¹ ¬¸» ¬«³±® ¾«®¼»² ¿²¼ ·²·¬·¿¬·²¹ 
³»¬¿¬¿·îë ¬¸· ¼§®»¹«´¿¬·±² ³¿·²´§ ±½½«®®»¼ ¾§ 

¼·®«°¬»¼ ÙïñÍ °¸¿» ½»´´ ½§½´» ¬®¿²³··±² ¼«®·²¹ ¬¸» 
¼»ª»´±°³»²¬ ±º ³¿´·¹²¿²¬ ²»±°´¿³ô ¬¸»®»º±®» ¬¸» °®»»²¬ 
¬«¼§ ©¿ ½±²¼«½¬»¼ ¬± »ª¿´«¿¬» ¬¸» ¿²¬·ó°®±´·º»®¿¬·ª» 
¿½¬·ª·¬§ ±º Ð·°»®·²» ¬¸®±«¹¸ ³±¼«´¿¬·²¹ ¬¸» ½»´´ ½§½´» 
®»¹«´¿¬±® °®±¬»·² ¼«®·²¹ ÒÜÛß ·²¼«½»¼ ®¿¬ ØÝÝò

×² ¬¸» °®»»²¬ ¬«¼§ô ¬¸» º±±¼ô ©¿¬»® ·²¬¿µ» ¿²¼ 
¬¸» ¾±¼§ ©»·¹¸¬ ±º ½±²¬®±´ ¿²¼ »¨°»®·³»²¬¿´ ®¿¬ ©»®» 
³±²·¬±®»¼ò Ì¸» ¾±¼§ ©»·¹¸¬ ±º ÜÛÒ ¿¼³·²·¬»®»¼ ®¿¬ 
©¿ ·¹²·º·½¿²¬´§ ´±©»®»¼ ¿²¼ ¬¸· «²·²¬»²¬·±²¿´ ©»·¹¸¬ 
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Liver of various groups
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a b s t r a c t

This study aims at investigating the cytotoxicity and some of the modes of action of 3,5-bis(3-dimethy-
lamino-4-hydroxybenzylidene)-4-piperidone trihydrochloride 3 and two related compounds 2 (which
lacks the dimethylaminomethyl groups) and 4 (which has an additional dimethylaminoethyl substituent
in both aryl rings) in order to ascertain the contribution of dimethylaminoethyl substituent to bioactivity.
The bioactivities of 2–4were compared with curcumin 5. Both 2 and 3 displayed submicromolar GI50 val-
ues towards HCT-116 cells and were significantly more potent than 4, 5 and 5-fluorouracil (5-FU). All of
the compounds displayed greater toxicity towards HCT-116 cells than human CRL-1790 non-malignant
colon cells. In HCT-116 cells, the compounds 2, 3 and 5 increased the ratio of oxidised to reduced glu-
tathione and destabilized the mitochondrial membrane potential. Both 2 and 5 produced an increase
in mitochondrial superoxide and a burst in intracellular reactive oxygen species in HCT 116 cells. In addi-
tion, 2 and 4 stimulated respiration in rat liver mitochondria while 2 and 5 induced mitochondrial swel-
ling. The results suggest that 2 and 5 cause oxidation or cross-linking of the thiols which control the
mitochondrial permeability transition.

� 2017 Elsevier Ltd. All rights reserved.

A number of conjugated unsaturated ketones have antineoplas-
tic properties.1 An important feature of these molecules is that
they interact with thiols but have little or no affinity for reacting
with amino and hydroxyl groups2,3 which are found in nucleic
acids. Hence these compounds may be devoid of the genotoxic
properties of a number of anticancer drugs.4 Of particular interest
are compounds containing the 1,5-diaryl-3-oxo-1,4-pentadienyl
group which have the potential to allow successive interactions
with cellular thiols. Various studies revealed that after an initial
thiol alkylation, a second chemical insult is more damaging to
tumours than non-malignant cells5 and hence tumour-selective
toxicity may result.

The dienone 1 was reported from our laboratory as a thiol alky-
lating anticancer agent which possesses IC50 values in the low
micromolar range towards human Molt4/C8 and CEM T-lympho-
cytes as well as murine L1210 cells.6 The compounds 2–4 were
designed with the aspiration of increasing cytotoxic potency based

on the following considerations (Fig. 1). In the case of 2, the place-
ment of a 4-hydroxy group onto the aryl rings may enable hydro-
gen bonding with cellular constituents to occur. Furthermore 2 has
the potential to be converted into the corresponding tautomers A
and B. In addition, one-electron oxidation of 2 caused by molecular
oxygen and/or reactive oxygen species (ROS) could give rise to the
free radical C. The addition of a 3-dimethylaminomethyl group to
the aryl rings of 2 led to 3. In addition to the possibilities of tau-
tomer and free radical formation, deamination of 3 could lead to
the generation of the orthoquinone methide D, thereby creating a
further site for thiol alkylation. Furthermore in the acidic milieu
of certain tumours,7 protonation of 3 leading to E can occur. The
result is an electron-attracting substituent in the aryl rings which
will diminish the electron density on the olefinic carbon atoms
and hence increase the rate of thiol alkylation. Also, the positive
charge may facilitate uptake into tumour cell mitochondria, due
to their often increased electrochemical membrane potential.8

Finally the dienone 4 was suggested which, in addition to produc-
ing the chemically reactive species that might originate from 2 and
3, may also lead to F in which the exocyclic methylene group in
particular would be predicted to have high electrophilic properties.
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A very recent report outlined the syntheses of 2–4 and their
evaluation against Molt4/C8, CEM and L1210 cells.9 The average
IC50 values of 2–4 against these three cell lines were 38.3, 0.78
and >500 lM, respectively. The same investigation revealed that
3 caused apoptosis as revealed by internucleosomal DNA fragmen-
tation in human HSC-2 squamous cell carcinomas and human HL-
60 promyelocytic leukemia cells as well as activation of caspases-3
and -7 in HSC-2 cells. In addition, 3 cleaved PARP1 in both HSC-2
and HL-60 cells.

The objective of the present study was to investigate the bio-
chemical pathways by which 3 and the related compounds 2 and
4 exert their cytotoxic properties towards neoplastic cells. In par-
ticular, such studies may reveal some of the reasons for the huge
disparity between the cytotoxic potencies of these three com-
pounds towards HCT-116 cells. In addition, there is currently a
considerable interest in curcumin 5 (Fig. 2) as an anticancer
agent.10 This compound contains 3-aryl-2-propenoyl and 2-arylvi-
nyl groups which are present in 2–4. Thus a comparison of some of
the biological properties of 5 with 2–4 was pursued. Furthermore
since a major interest in these laboratories is in colon cancer, the
investigations were designed using human HCT-116 colon cancer
cells. Comparison of the effects of 2–5 with 5-fluorouracil (5-FU)
was conducted since 5-FU is used clinically in treating colon
cancers.

One of the ways in which these compounds may exert their
anticancer activities is through effects on mitochondria. Mitochon-
dria are an anticancer target due to their key involvement in apop-
tosis and energy metabolism, and some differences between
mitochondria of normal and cancer cells.11–13 Moreover, mitochon-
drial thiol status and ROS generation are key factors controlling the
mitochondrial permeability transition in the trigger for apopto-
sis.14,15 Therefore we undertook these studies to investigate the
ability of these compounds to induce cell death involving intracel-

lular thiol oxidation, ROS generation and the mitochondrial perme-
ability transition.

Each of the unsaturated ketones 2–5 and 5-FU were evaluated
against human HCT-116 colon cancer cells which is a neoplasm
having metastatic properties. The results are portrayed in Table 1.
The GI50 values of 2 and 3 against HCT-116 cells were both submi-
cromolar. However 4 had approximately one tenth of the potencies
of 2 and 3 towards these cells. Both 2 and 3 were approximately 4
times more potent than 5 and had six times lower GI50 values than
5-FU. The compounds were also evaluated against human non-
malignant CRL-1790 colon cells and these results are presented
in Table 1. The GI50 values of each compound were greater towards
CRL-1790 than HCT-116 cells and hence all of the compounds
demonstrate tumour-selective toxicity. Of particular interest are
the observations that 2–5 had greater selectivity index (SI) values
than 5-FU, and the huge SI value of 4 is noteworthy.

The dienones 2–4 were designed as thiol alkylators whereby
their olefinic carbon atoms could react with cellular thiols. If these
interactions take place, the ratios of oxidised glutathione (GSSG)
and the reduced species (GSH) will increase. The glutathione redox
ratio is a major factor controlling apoptotic cell death.16 The GSSG/
GSH ratios in HCT-116 cells which were treated with 2–5 and 5-FU

Fig. 1. The structures of 1–4 and the partial structures of the possible cytotoxic species derived from 2–4 which are designated A–F.

Fig. 2. The structure of curcumin 5.
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are presented in Fig. 3. The data reveal that 2, 3 and 5 significantly
lower thiol concentrations in HCT-116 cells. It is of interest to note
that these three compounds display the greatest cytotoxic poten-
cies towards HCT-116 cells (Table 1) and presumably their ability
to lower the concentrations of cellular thiols contributes to their
potencies.

Since thiol oxidation is a key factor controlling the mitochon-
drial permeability transition involved in mitochondria-mediated
cell death14,15 the effects of the compounds on the mitochondrial
membrane potential was evaluated. The results are shown in
Fig. 4. As with the effects on glutathione oxidation, 2, 3 and 5 sig-
nificantly decreased the mitochondrial membrane potential. Depo-
larization of the mitochondrial membrane potential by curcumin
has been observed previously in cultured acute myeloid leukemia
cells.17 Together the results suggest a mechanism for cytotoxicity
of 2, 3, and 5 involving glutathione oxidation and the intrinsic
(mitochondrial) pathway of apoptosis.

The influence of the compounds on intracellular and mitochon-
drial ROS generation was investigated. The influence on mitochon-
drial superoxide generation after addition of the compounds to
HCT-116 cells is shown in Fig. 5. Compounds 2 and 5 significantly
increased mitochondrial superoxide generation in the first 60 min
after addition to the cells. Compounds 3 and 4 however, decreased
mitochondrial superoxide generation. The presence of dimethy-
laminomethyl substituents in 3 and 4 therefore appears to have
provided a mitochondrial antioxidant activity to these compounds.
The influences of 2 and 5 on intracellular ROS generation are
shown in Fig. 6. Both compounds produced a burst in intracellular
ROS generation in the first 60 min, consistent with their effects on
mitochondrial superoxide generation. The initial burst was fol-
lowed by a second phase of increased ROS generation. This bipha-
sic response is consistent with the phenomenon of ROS-induced
ROS release, wherein an initial oxidative stress induces a secondary
increase in ROS generation that accompanies the mitochondrial
permeability transition.18,19

The results with 5 on intracellular ROS generation are consis-
tent with previous studies. A study in RKO and SW480 colon cancer
cells20 showed that curcumin and synthetic analogs increased ROS
generation after exposure for 18 or 24 h. Another study in mouse
fibroblast L929 cells21 showed a burst in intracellular ROS genera-
tion in the first 30 min of exposure to curcumin that coincided with
GSH depletion. The current study shows an additional secondary
ROS release by curcumin 5, consistent with a mitochondrial per-
meability transition.

To substantiate the possible direct effects of the compounds on
mitochondria their effects on isolated rat liver mitochondria were
investigated. Effects on mitochondrial oxygen consumption were
measured to test for inhibitory or stimulatory effects on the respi-
ratory chain. Mitochondrial swelling was measured to test for the
ability to provoke a mitochondrial permeability transition.

Previous studies from this laboratory revealed that low
concentrations of Mannich bases (3-aminoketones) derived from

Table 1
Evaluation of 2–5 and 5-FU against human HCT-116 colon cancer cells and human
CRL-1790 non-malignant colon cells.

Compound GI50 (mM) SIa

HCT-116 CRL-1790

2 0.87 ± 0.38 16.4 ± 2.64 18.9
3 0.90 ± 0.22 4.15 ± 1.08 4.61
4 9.07 ± 1.10 535 ± 52.8 59.0
5 3.50 ± 0.36 58.6 ± 10.1 16.7
5-FU 5.47 ± 0.55 10.3 ± 0.22 1.88

a The letters SI refer to the selectivity index which is the quotient of the GI50
value of the compound towards CRL-1790 cells and the GI50 value against the HCT-
116 neoplasm.

Fig. 3. Effect of 2–5 and 5-FU on the GSSG/GSH ratios in HCT-116 cells. The GI50
concentrations of 2–5 and 5-FU were used as well as 500 lM of tertiary butyl
hydroperoxide (TBHP). An asterisk (*) on an error bar indicates that the GSSG/GSH
ratios are statistically different from the control (p < 0.05).

Fig. 4. Effect of 2–5 and 5-FU on the mitochondrial membrane potential in HCT-116
cells. Measurements of the mitochondrial membrane potential with the JC-1 dye
were conducted after 48 h treatment of HCT-116 cells with GI50 concentrations of
the test agents. The uncoupler CCCP (16 mM) added to control cells 5 min before JC-
1 was used as a positive control to show the effect on membrane potential. The bars
show means ± SEM of three independent experiments with three replicates per
experiment. *Significantly different from control based on one-way ANOVA with
Dunnett two-sided post hoc analysis and a p value < 0.05.
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Fig. 5. Effect of 2–5 and 5-FU on mitochondrial superoxide generation in HCT-116
cells. Mitochondrial superoxide generation was determined in the presence of an
indicator MitoSOX red 60 min after addition of the test agents at their GI50
concentrations. A positive control, antimycin A (2 mM) was used as an agent known
to increase mitochondrial superoxide generation. After washing the cells 3� with
PBS, superoxide levels were detected using a microplate reader. Fluorescence was
measured at excitation/emission 500 nm/530 nm. Points represent means ± SD of
three replicates for the experiment. *Significantly different from control based on
one-way ANOVA with Dunnett two-sided post hoc analysis and a p value < 0.05.
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conjugated unsaturated ketones stimulate respiration in rat liver
mitochondria but inhibit respiration as the concentration
increases.22,23 The dienones 2–4 are 3-aminoketones and also con-
jugated unsaturated ketones. Hence they may exert an effect on
respiration in rat liver mitochondria. Concentrations of 0.1, 1 and
10 mM of 2–4 were used which cover the range of the GI50 values
of these compounds towards HCT-116 cells (0.9–9.1 lM). The
results are portrayed in Fig. 7. Both 2 and 4 caused an acute (within
seconds) stimulation of respiration at 1 mM, and this phenomenon
was also noted by 2,4-dinitrophenol which is an uncoupler of
oxidative phosphorylation. Hence this mechanism, which
decreases the membrane potential and ability to make ATP, may
be a mode of action of 2 and 4. On the other hand, there was no
stimulation of respiration noted by 3. Although 2 and 3 have sim-
ilar potencies towards HCT-116 cells, they appear to exert their
bioactivity by different means. At the concentrations employed,
5-FU did not exert a statistically significant increase in respiration
in rat liver mitochondria.

A mechanism for the cytotoxicity of 2–5 might be through an
ability to trigger apoptosis by inducing a mitochondrial permeabil-

ity transition. This phenomenon is due to oxidation or crosslinking
of membrane protein thiols that results in the formation of a mito-
chondrial permeability transition pore14,24,25 and can be measured
by the ability to cause swelling of isolated mitochondria.26 The
ability of 2–5 to cause swelling in rat liver mitochondria was there-
fore evaluated and the results are portrayed in Fig. 8. Using a con-
centration of 0.1 lM, swelling was noted with 2 and 5 but not 3 or
4. At this concentration, 5-FU did not cause any swelling of the
mitochondria. The greater cytotoxic potencies of 2 than 4 towards
HCT-116 cells may have been due, in part at least, to the ability of 2
to induce a mitochondrial permeability transition. Curcumin 5 has
been observed previously to produce mitochondrial swelling in rat
liver mitochondria at concentrations of 2.5–20 mM, in a process

Fig. 6. Effect of 2, 5 and 5-FU on intracellular ROS generation in HCT-116 cells. The cells were treated with the test agents at their GI50 values and incubated for a series of time
points namely 15 min, 20 min, 30 min, 1 h, 2 h, 4 h and 8 h in cells plated in different plates. Following the incubation period, 10 mM of DCFH-DA (upon replacement with the
fresh media containing FBS and phenol red) was added & incubated for 15–20 min. 2–3 PBS washes were given and the plate was read at 485 nm (excitation) and 520 nm
(emission). Fold difference was calculated with respect to the control as a function of time. The points represent means ± SEM of three experiments done in triplicate.
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Fig. 7. Effect of 2–4 and 5-FU on respiration in rat liver mitochondria. The
concentrations of the reference compounds adenosine diphosphate (ADP) and 2,4-
dinitrophenol (DNP) are 25 lM and 20 lM, respectively. An asterisk (*) on an error
bar indicates a statistically significant increase in respiration compared to the
DMSO control (p < 0.05) from experiments done in triplicate.

Fig. 8. Effect of 2–5 and 5-FU on mitochondrial swelling. Rat liver mitochondria
(1 mg protein/mL) were preincubated in the respiratory control buffer containing
2 mM pyruvate and 2 mM malate (pH 7.2). Swelling was induced by the addition of
either tert-butyl hydroperoxide (TBHP, a standard oxidizing agent), the test agent
(at 0.1 mM) or DMSO (used as a vehicle for curcumin and the synthetic derivatives).
The figure shows representative traces of experiments done in triplicate.
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involving protein thiol depletion.27,28 The current experiments
show that the swelling by curcumin 5 can be detected at 0.1 mM.

In conclusion, the current results are consistent with effects of 2
and 5 on the membrane protein thiols that control opening of the
mitochondrial permeability transition pore.14,24,25 This effect could
be indirect, by depleting mitochondrial glutathione that protects
the protein thiols from oxidation. Or it could be a direct effect of
the dienones on the protein thiols of the mitochondrial permeabil-
ity transition pore consistent with a mechanism of thiol alkylation
or thiol crosslinking. The thiol cross-linking agent 4,40-diisothio-
cyanatostilbene-2,20-disulfonic acid was previously shown to
induce the mitochondrial permeability transition.29 Curcumin 5
and compounds 2–4 have two sites for thiol alkylation, and so
the possibility exists that they act as thiol cross-linking agents that
induce opening of the mitochondrial permeability transition pore.
The 4-piperidones 2–4 and various related compounds described
recently9 and herein are the subject of a patent application.30 The
development of these compounds is dependent on a variety of fac-
tors, including having a knowledge of their ways of causing toxicity
to neoplastic cells. In particular, the interaction of these com-
pounds with thiols suggests that designing analogs with enhanced
capability of electrophilic attack of these fundamental groups may
enhance cytotoxic potencies. The biodata generated in this report
provided very useful directions for further development of these
compounds and how to proceed in the designing of the thiol alky-
lators as anticancer agents in the future.
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Abstract
The term “ultrasound” means vibrations similar to sound waves with 
a frequency higher than 20 kHz. US waves, apart from sharing the 
usual properties of sound, they also show some new properties 
owing to high energies. This makes ultrasonic waves to find use in 
engineering, material science and medicine. The ability to tune the 
frequency and amplitude of ultrasonic waves makes this technology 
attractive in pharmaceutical field also. Ultrasound is a promising 
technology with wide applications in pharmacy such as in controlling 
particle size, controlled crystallization, production of nano materials, 
enhancing the solubility of poorly soluble drug candidates. 
Furthermore, ultrasound can be used in effluent treatment, 
separation and concentration of particulate sub-populations based 
on dimensions and physical properties. US technology is also found 
useful in processing and formulating delicate biomolecules, such as 
proteins and nucleic acids because it ensures structural integrity of 
the molecules. 
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Introduction
The term “ultrasound” means vibrations similar to sound waves 

with a frequency higher than 20 kHz, the human audible range [1]. 
Ultrasound (US) can be assorted in two specific classes on the basis of 
the frequency range. High frequency (100 kHz to 1 MHz) low power 
(<1 W cm-2) US is used as analytical evaluation process and for the 
preservation of food substances [2]. Low frequency (20 to 100 kHz) 
high power (10 to 1000 W cm-2) US is utilized for the supervision 
of food processes and modification of properties of foods (Figure 1).

Ultrasonic is the ramification of physics which is associated with 
ultrasonic propagation and detection. Due to the high frequency, these 
waves are incapable of vibrating into the inner tympanic membrane 
of human ear and therefore they are inaudible [3]. US waves, apart 
from sharing the usual properties of sound, they also show some new 
properties owing to high energies. This helps ultrasonic waves to find 
use in engineering, material science and medicine [4].

Acoustics is the science of  sound, traced first in the 6th century 
BC by Pythagoras  who incited the mathematical  properties 
of stringed instruments. Lazzaro Spallanzani in 1794, discovered the 

echolocation in bats and established that bats can perform the art of 
hunting and navigation by inaudible sound. In 1880, the piezoelectric 
effect was demonstrated by French physicists  Jacques  and  Pierre 
Curie. This  piezoelectric effect was used in  transducers  to detect 
ultrasound in air and water environment. Later in 1893, Sir Francis 
Galton constructed a whistle producing ultrasonic waves. However, 
the first technical application of ultrasonic system also called “Sonar” 
(originally an  acronym for  Sound  Navigation  and Ranging) was 
introduced by  Paul Langevin  in 1917 and is used successfully to 
spot submarines. Soon after, US systems were also framed and proven 
to be a vital tool for navigation, communication and detection of 
objects on or beneath the water surface [5]. Ultrasound systems were 
designed in huge scale and applied widely to voyage submarines 
during the II World War. These high vivid ultrasound waves caused 
the heating and death of the marine life which lead to research in 
tissue heating and healing consequences [6].

US waves are extremely physical in trait compared to light waves. 
Apparent motion of molecules takes place due to compaction of the 
medium at elevated pressure and expansion at reduced pressure. Thus 
the usage of US can be physically safe on several biomolecules and 
tissues. Water, flesh and other tissues tend to absorb ultrasonic waves 
and hence these can penetrate into the layers of skin and channelize 
energy into accurate and desired position in the body. This effective 
and safe mode of transmitting energy into the body resulted in 
completely novel application for enormous remedial measures in 
1940s [7].

Sonophoresis in drug delivery

Ultrasound (US) was employed to enhance the activity of 
pharmaceutical entity and delivery of drugs from dosage forms 
for last two decades. Research in US-activated novel delivery has 
emerged widely in the last six years with the origination of gas 
bubbles. The theory defining sonophoresis includes the mode of 
ultrasonic propagation and cavitation into the tissues and strata of 
skin. Ultrasonic wave causes the activation of a therapy based upon a 
physical process known as acoustic cavitation [8].

Cavitation can be defined as a process of exhibiting a bubble 
filled with gas in a medium to the ultrasonic waves. These gas bubbles 
expatiate at low pressure and constrict at elevated pressure as the 
pressure waves flows across the media. This mechanism tends to 
enhance the skin permeability and rupture the vesicle carrying 
the drug. In the past decades, this mechanism of sonophoresis is 
employed in transdermal drug delivery (TDD) to centralize on 
mechanism of delivery, transport pathway and delivery of other 
drug classes which includes hydrophilic, high relative molecular 
mass compounds. Acoustic cavitation is the most significant 
mechanism which is responsible for delivery of pharmaceuticals in 
sonophoresis [9]. The accurate mechanism by which these acoustic 
waves tend to increase the skin permeability is not interpreted 
properly. It is conjectured that the micro cavitation caused in the 
drug medium and the skin due to acoustic waves helps the drug 
molecules to diffuse into and through the skin. Furthermore, 
the skin lipid bilayers maybe temporarily disrupted by US waves 
induced cavitation and thus permitting the molecules to move 
across the membrane.

https://en.wikipedia.org/wiki/Acronym
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TDD is more significant than the other sort of conventional 
methods. This delivery averts gastrointestinal drug metabolism, 
decreases first-pass metabolism effects and offers sustained release 
for over 7 days. Enhancement of transdermal absorption of various 
macro-molecular model drugs like proteins, insulin and mannitol is 
demonstrated by sonophoresis [10]. 

Ultrasound in formulation of nano drug delivery systems

Ultrasound is a promising technology that enables controlling 
particle size at the micro- and nanoscale. Recently with the development 
of Barbell Horn Ultrasonic Technology (BHUT) (Figure 2), the 
technique used for designing the processor, researchers have shown 
that High-Amplitude Ultrasound cavitation method can produces 
the required shear force to breakdown particles to the nanometer 
range by violent and asymmetrically imploding vacuum bubbles [12]. 

Therefore, High-amplitude ultrasound is utilized in designing and 
formulating the various new approaches of drug delivery systems 
(DDS) like nanoparticles, nanocrystals, nanoemulsions, liposomes 
etc [13]. These high ultrasonic vibration amplitudes also found 
application in improvising metered drug delivery platforms like 
aerosols, TDDS, chemo therapy and cell therapy [14].

The mechanism involved in production of nanoparticles by 
BHUT is summarized to be the formation and burst of the air 
bubbles caused due to the pressure difference resulted into ultrasonic 
cavitation in the polymer matrices. The hydrodynamic shear forces 
rendered by the ultrasound cavitation and temperature rise at the 
location of bubble collapse (up to 500 °C) is responsible for the 
production of nanoparticles [15]. High-power ultrasound processors 
were used before the origination of BHUT. Owing to their limitations 
of low-amplitudes which were just sufficient for cleaning, simple 
deagglomeration, mixing, macro-emulsification etc., the use was 
discontinued [16].

Ultrasound in processing pharmaceutical powders

Today, the majority of the pharmaceutical industries are mainly 
based on solid dosage form which requires effective processing and 
handling of pulverized particles alleviating better drug product 
performance. Modification of particle surface and coating is possible 
with the help of US waves by producing an aqueous mist with or 
without a coating agent [17]. This technique possibly decreases the 
interactions between the two particles and causes the betterment of 
rheological properties of powders by aqueous smoothing of the crude 
surfaces of irregular particles. In turn, thin-coating on a hydrophobic/
hydrophilic substance decreases the surface electrostatic charge 
and improves the flow property of the highly cohesive powder. 
A good example of Ultrasound coating is the technique of coating 
β-galactosidase on the powdered lactose surface. Ultrasound assisted 

pre-coating technology resulted to be a simple, precise, economic 
process and has viability for commercialization. It is used to design 
carrier particles coated upon API for homogenous drug dispersion in 
the solid dosage forms. This precoated powder mixture remained free 
from segregation. Hydrophobic drug coated with hydrophilic carrier 
could increase the uniform solubility of API [18]. 

Sonocrystallization of pharmaceuticals 

Sonocrystallization is the utilisation of US power to ascertain 
the crystallization process, commonly used during the nucleation 
phase of crystallization. Acoustic energy-based technology was first 
designed by a pharmaceutical company called “Prosonix”, which 
is suitable for controlled crystallization of solid materials with 
desired physicochemical properties [19]. Bund and Pandit have 
demonstrated a method of crystallization of lactose by the aid of US 
technology. Comparison study was conducted for understanding the 
efficiency of sonication technique over non-sonication technique 
in crystallization and retrieval of crystals using lactose as model 
candidate. By sonication technique, 91.48% of lactose was retrieved 
within 5  min of time whereas only 14.63% of lactose crystals were 
obtained by non-sonication technique. This study reveals ultrasound 
cavitation is energy efficient and provided crystals with uniform size 
distribution [20].

Ultrasound in crystallization leads to the rapid nucleation which 
yields relatively minute crystals of narrow size distribution. The 
research reports indicate sonocrytsallization affects the properties of 
crystalline products in a wide manner. Although, the mechanism by 
which ultrasound induces nucleation remains unclear. The molecular 
crystals breakdown during ultrasonic irradiation is the raising facet 
of sonocrystallization and nucleation. In addition, the shockwaves 
and enhanced heterogenous nucleation is responsible for uniform 
crystallization [21].

Ruecroft had shown the initiation of primary nucleation 
and avoidance of conventional seeding by ultrasonication. The 
mechanism behind this effect is high energy transient cavitation 
and microstreaming by ultrasonication [22]. He also demonstrated 
that the short ultrasound pulse initiated nucleation of the low-
saturated solution and consequently enhances the growth of large 
crystals; whereas continuous sonication of the medium yields 
small crystals (Figure 3). This infers, optimization of ultrasound 
parameters makes it possible to achieve crystallization of the 
stable polymorphic form. The combined particles consisting of 
two or more different APIs and excipient can be developed by 
an ultrasound assisted technique that raises new possibilities for 
particle engineering [23].

Figure 1: Ultrasound frequency.
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Figure 2: Effect of ultrasound on shearing and downsizing of drug particle.
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Melt sonocrystallization and solubility of drugs

Melt sonocrystallization (MSC) is more revised technology which 
aids in the enhancement of dissolution properties of hydrophobic 
drugs [24]. Melt sonocrystallization process was used to develop 
drugs like indomethacin, valdecoxib, paracetamol, and Mefenamic 
acid with improved crystal properties and other physicochemical 
properties for better dissolution. Saturation solubility of all these 
drugs increased significantly by the ultrasonic energy treatment. This 
method involves addition of drug melt in to deionized water at about 
60°C and simultaneous treatment with ultrasonic energy. This forms 
dispersion of API with enormous shallow pits on the surface of the 
crystal and subsequent solidification leads to the formation of irregular 
agglomerates. Further, separation of these agglomerates by filtration 
and desiccation at room temperature develops a porous surface on the 
crystals. The specific surface area of the agglomerates also increases 
which in turn increases their aqueous solubility. MSC also improved 
the micromeritic properties of API by reducing the average size of 
particles. MSC is an assuring, economic technique which yields 
powder with improved flow properties along with improved solubility 
and dissolution [25]. The ability to tune the frequency and amplitude 
of ultrasonic waves makes this technology attractive for dealing with 
poorly soluble drug candidates and ensures structural integrity when 
formulating delicate biomolecules, such as proteins and nucleic acids.

Ultrasonication in fluid spray atomization 

Atomization is an operation of converting (break) a substance 
into very fine particles or droplets. This process has a great impact 
on food and pharmaceutical industries. Fluid spray atomization 
and gas atomization are those conventional techniques which are 
largely used in industries. Impulse based ultrasonic atomization is a 
beneficial approach over conventional methods to obtain products 
with required size distribution. Ultrasound-assisted atomization can 
rectify and amend the performance of the process significantly. Scale 
up and commercialization of the process would be simple and cost 
effective [26].

Kiran AR studied the impact of ultrasonic atomizer on the process 
parameters such as the flow rate and liquid properties on the size 
distribution of the droplet. Effect of other equipment parameters 
like the operating frequency, power dissipation and the operating 
parameters were also been evaluated over conventional methods. 
Ultrasonic atomization (UA) has apparently highlighted the selection 

criteria of various process and equipment parameters for attaining a 
desired droplet size distribution. Researchers have established the 
various other control mechanisms for the droplet formation by 
this technique [27]. This concept is further extended to produce 
the microencapsulation of drug candidates. Fundamentals, novel 
aspects, advantages of this technology in terms of intensification 
and low energy requests for microencapsulation are emphasized 
[28].

D. Briceño-Gutierrez demonstrated that a frequency of 22 KHz 
would be ideal for atomization and control droplet size in their 
experimental study of liquid atomization phenomena. By thorough 
study, they understood that the results are totally opposite if the 
frequencies used were beyond this critical value [29].

Photo acoustic evaluation of pharmaceutical tablets

Recently photo acoustical methods are applied for the evaluation 
of pharmaceutical tablets which are porous and hygroscopic systems. 
The photo acoustics, the ultrasound supplied by pulsed laser 
luminance is found to be efficient and useful in the evaluation of tablet 
properties [30]. This phenomenon is nondestructive to the samples 
and the technique is specifically applicable where an ultrasonic 
transducer damages the sample or it would get damaged. Photo 
acoustic evaluation is sensitive to measure the variability in porosity, 
elastic and density parameters of tablets employing the amplitudes 
and ultrasonic velocities. Alterations in these values indicated the 
structural variations which affected the physical, chemical stability 
and biopharmaceutical properties of pharmaceutical tablets [31]. 
Therefore, photo acoustic method is a valuable non-destructive tool 
that can be utilized in the field of pharmaceutical product evaluation.

Role of ultrasound in different processes of extraction

Ultrasound can be used for isolation and concentration of 
particulate sub-populations based on their dimensions and physical 
properties. An advanced technique of ultrasonication coupled with 
‘capillary gas chromatography’ (CGC) was designed for extraction and 
separation of API in pharmaceutical formulations [32]. Ultrasonication 
is a reliable method for the fast extraction of API in pharmaceutical 
formulations, and CGC is the technique applied directly to separate and 
quantify the components present in the ultrasonic extracts. Therefore, 
this method was better in comparison to High-Performance Liquid 
Chromatography (HPLC) method, because there was no need of 
subsequent clean-up step, which was required for the HPLC instrument. 

Nucleation & Growth ofCrystal

WIth Ultrasound waves

Without Ultrasound waves

Figure 3: Effect of ultrasound on crystal growth control.
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CGC method does not require any environmentally harmful organic 
mobile phase as is needed in HPLC methods. 

A number of studies indicated the efficiency of ultrasound in 
isolation/extraction of chemical components from pharmaceuticals. 
Few to mention; the nicotine was completely extracted from the 
transdermal patch and chewing gum in less than 20 min and 60 min 
respectively. Ultrasonic extraction of nicotine from the formulation 
requires only 20 min when compared to 24 h of extraction by 
conventional cold extraction technique. This method was also used to 
estimate the nicotine content in both chewing gum and transdermal 
patches [33]. Ultrasound can also be applied for extraction of tea 
from dried leaves in water. This increases the yield up to 20% at 60°C, 
approaching the efficiency of thermal extraction at 100°C. Reduction 
of maceration time from 8 h to 15 min was reported in the extraction 
of alkaloid reserpine from Rawolfia serpentina. Almost 60% of the 
target compounds were extracted from Salvia officinalis within 2 h at 
around ambient temperature [34].

Ultrasound in emulsification process

Emulsification, i.e. intimate mixing of two immiscible liquids 
was one of the first applications of powerful ultrasound and the first 
related patent was taken out more than fifty years ago. Ultrasound 
processing is a very efficient emulsification technique with respect 
to others, namely mechanical agitation, and can be compared 
with high pressure homogenization or membrane systems. The 
importance of cavitations in production of both water-in-oil and oil-
in-water emulsions is envisaged. The advantage of the use of acoustic 
frequencies (ultrasound) in emulsfication is the amount of surfactant 
required to give a stable emulsion is generally lower than with other 
techniques (low foam formation). In addition to quick droplet 
rupture due to cavitation (Figure 4), this phenomenon is said to favor 
the formation of electric charges able to absorb onto the interface and 
playing a role in emulsion stabilization [35]. 

Ultrasound is also found efficient in mixing some immiscible 
liquids without additives (surfactants). This technique is used owing 
to its ability to mix polar and non-polar liquids in producing nano-
size dispersions. Therefore, recent publicity has called attention to 
this unique technique in developing micro and nano emulsion drug 
delivery systems [36].

Ultrasound in chemical reactions: Documentations indicated 
that ultrasound finds its application in pharmaceutical and in fine 
chemical industry. Ultrasound procedures have several advantages 
of increased yields, reduced reaction time and working in mild 
conditions. Another advantage of this technique in chemical reaction, 
it does not cause direct interaction between ultrasound energy and 
the vibrational /or electronic levels of molecules [37]. The range of 
ultrasound frequency used in sonochemistry is within 20 kHz to 
around 1 MHz, therefore these waves can induce chemical effects 
on the reaction system, such as generation of free radicals which 
enhances the rate of reaction. Therefore, sonochemistry can be used 
to speed up the reactions specifically during synthesis of expensive 
products. Development of process technology (reactor design, process 
simulation) and establishing of a commercialized process would be 
simpler than any other methods [38].

Sonolysis of toxic compounds: Estrogen hormones are detected 
in natural systems such as water surface, soil and sediments which 
have turned out to be a topic of significant concern. There are many 
sources of estrogenic pollution which include effluent from municipal 

Figure 4: Effect of ultrasound and nanoemulsification.

and industrial waste water treatment plants, livestock wastes, 
biosolids, septic tanks and landfills [39]. The biological processes 
at municipal waste water treatment plants cannot completely 
remove these compounds. The impact of US power density and 
intensity on the destruction of various estrogen compounds which 
include: 17á-estradiol, 17 á-estradiol,estrone, estriol, equilin, 17 
á-dihydroequilin, 17 á-ethinyle stradiol and norgestrel has been 
measured with ultrasound sources of 0.6, 2 and 4 Kw [40]. This 
sonolysis method led to 80-90% destruction of individual estrogens 
at a contact time of 40-60 min in an initial concentration of 10 
µg/L. Therefore sonolysis will be the important method of water 
purification in near future. This technique will also be the efficient 
tool in neutralization of toxic components from ground water and 
surface water sources [41].

Conclusion
The ultrasound has demonstrated several advantages which 

includes utilization of little amount of material, decrease in the 
sample preparation time, efficient and lesser usage of solvents and 
short duration of reaction time. Overall, it finds wide application in 
the isolation, purification and identification of compounds depending 
upon their pharmacological, bioactive properties and pharmaceutical 
formulation. Ultrasound technology is found to be more effectual than 
the previously established methods like extraction, crystallization, 
evaporation, sonication, sonolysis and several other methods. 
Sonolysis method is frequently practiced in the obliteration of noxious 
substances eluted from the pharmaceutical industries. The ultrasound 
usage tends to more economical provided improved environmental, 
health and safety considerations. The transportation of low as well 
as high molecular mass through the semi permeable skin membrane 
can be done by low frequency sonophoresis. Sonocrystallization can 
turn up to be a core technology of pharmaceutical industry today and 
various novel industrial approaches in pharmaceutical formulations 
can also be expected in the upcoming times. Although, particle size 
does not have much effect on the release properties for the US-tablets 
when compared to the traditional tablets but a little amendment in 
the pharmaceutical availability is noticed in the systems obtained 
after using ultrasound-assisted compression. Advance studies 
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in ultrasound control system can result in the development and 
application for the optimization of pharmaceuticals freeze-drying 
cycles in industrial environment. Photo acoustic evaluation with 
ultrasound demonstrates the elastic properties of the tablet materials 
as well as the evaluation of the internal structure.
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ABSTRACT 

Objective: To evaluate antidiabetic, hypolipidemic and antioxidant activity of polyherbalformulation (PHF) aqueous extract in streptozotocin-

nicotinamide induced diabetes in rats. 

Methods: Fasting blood glucose, lipid profiles, serum insulin and glycosylate haemoglobin (HbA1C) were determined in normal and streptozotocin-

nicotinamide induced diabetic rats after oral administration of the PHF for 45 d. Antioxidant enzymes superoxide dismutase (SOD), catalase (CAT), 

glutathione (GSH) and malondialdehyde (MDA) levels were evaluated in kidney and liver tissue. Histopathological changes in diabetic rat vital 

organs were also observed after PHF treatment.  

Results: Daily oral administration of PHF (200 and 400 mg/kg, b.w.) and metformin (5 mg/kg, b.w.) showed beneficial effects on blood glucose level 

(P<0.001) and hyperlipidaemia due to diabetes. The PHF treatment also enhances serum insulin level and body weight of diabetic rats as compared to 

diabetic control group. Furthermore, the PHF has favourable effects on histopathological studies, in streptozotocin-nicotinamide induced diabetes. 

Antioxidant enzymes and GSH levels were found to be significantly increased and levels of MDA were decreased in treated diabetic animals. 

Conclusion: PHF possesses antidiabetic, hypolipidemic and antioxidant properties. PHF has also showed favourable effect on histopathological 

changes in streptozotocin-nicotinamide induced diabetic animals. 
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INTRODUCTION 

Diabetes mellitus (DM) comprises a group of common metabolic 

disorders that share the phenotype of hyperglycaemia with 

disturbance in carbohydrate, lipid and protein metabolism resulting 

from impaired insulin secretion or insulin action [1]. DM is a major 

challenge in worldwide healthcare systems and strongly associated 

with several major health risk factors [2]. It can be seen as burden of 

diabetes increasing worldwide and estimation suggest that their 

number will be 366 million by 2030. Chronic hyperglycaemia is 

consider as a major risk factor in the development of secondary 

complications like cardiopathy, nephropathy, retinopathy and 

neuropathy [3]. Four prominent theories have been proposed to 

explain that how hyperglycaemia might lead to chronic 

complications of DM and these are; advanced glycosylation end 

products (AGEs), increase glucose metabolism via sorbitol pathway, 

increase the formation of diacylglycerol leading to activation of 

protein kinase (PKC) and elevated levels of blood glucose increase 

the flux through the hexosamine pathway, which produces fructose-

6-phosphate, a substrate for O-linked glycosylation and 

proteoglycan production [4]. In diabetes there is a state of increased 

free radical production, which results from an imbalance between 

the radical generating and radical scavenging systems leading to an 

increased production of reactive oxygen species (ROS) including 

superoxide radical (O2-), hydrogen peroxide (H2O2) and hydroxyl 

radical (OH-). It may include not only the increased non-enzymatic 

and auto-oxidation glycosylation but also involved in metabolic 

stress which results from change in energy metabolism, levels of 

inflammatory mediators and the status of antioxidant defences [5]. 

In spite of the availabilities of insulin and oral hypoglycaemic agents 

from natural and synthetic sources, diabetes and its secondary 

complications continue to be a major burden on world population 

[6]. Many Indian medicinal plants are reported to be useful in 

diabetes, which might provide new anti-diabetic drug and can 

counter the costlier and availability of present day drugs in the rural 

market [7]. India is a rich source of medicinal plants and in Ayurveda 

and Siddha system of medicines, number of plant extracts have been 

found to be useful to manage diabetes. The advantage of a traditional 

medicinal plant is fewer side effects with multiple therapeutic action 

due to the presence of different bioactive compounds. Following 

world health organisation (WHO) has recommended that the 

research on the beneficial uses of medicinal plants in the treatment of 

DM have also gained momentum [8]. Moreover diet and spice 

therapies become the major approaches recently for the management 

of diabetes; and a significant amount of work has been carried out with 

Momordica charantia Linn., Coccinia indica W. andA. and 

Lagerstroemia speciosa Linn. All of these herbs possess significant 

antidiabetic activity [9-11]; however their antioxidant activity in DM 

has not been thoroughly studied. In this view point, the present study 

has been taken up to determine the synergistic antidiabetic activity of 

the combination of these plants and compare its potential in 

streptozotocin-nicotinamide induced diabetic rats [12]. 

MATERIALS AND METHODS 

Chemicals 

Streptozotocin and nicotinamide (Sigma-Aldrich, USA), serum 

insulin kit (Mercodia, Swedan), HbA1C kit (Accurex Biomedical PVT. 

LTD. Maharashtra, India) and biochemical reagents for fasting blood 

sugar, lipid profile and for kidney function markers were purchased 

from Agapee diagnostics, India. 

Animals 

Healthy albino Wistar rats (200-250g) were procured from, a registered 

breeder. Animals were housed at institutes animal house facility in 

polypropylene cages and maintained under standard conditions (12 h 

light/dark cycles, 22±2 °C and 55±5% relative humidity). They were fed 
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with standard rat pellet diet and water ad libitum. The animals were 

kept in accordance with committee for the purpose of control and 

supervision of experimental animals (CPCSEA) guidelines for the care 

and use of laboratory animals. The study protocol was approved by 

institutional animal ethics committee (IAEC), KLE University’s College of 

Pharmacy, Bengaluru (01/PA/2015). 

Preparation of solutions 

Test drug and metformin were dissolved in distilled water and 

administered orally for experimental purpose. All the drugs were 

freshly prepared each time before use. 

Determination of acute oral toxicity 

Acute oral toxicity of PHF was carried out according to organization for 

economic cooperation and development (OECD) guidelines 425 by using 

female albino Wistar rats (150-200g), which were maintained under 

standard conditions. Animals were kept under fasting 12 h prior to the 

experiment, water given ad libitum. Test drug was given to all animals in 

a single dose of 2000 mg/kg by using a stomach tube and all the animals 

were observed individually for signs of toxicity [13]. 

Animals observed for first four hours and thereafter for a total of 14 d. 

Induction of diabetes and experimental design 

Diabetes was induced in overnight fasted animals (deprived of food 

16h but had been allow to free access to water) by a single 

intraperitoneal (i. p.) injection of streptozotocin (STZ) dissolved in 

citrate buffer (65 mg/kg, b.w.) 15 min after the i. p. administration of 

110 mg/kg, b.w. of nicotinamide dissolved in normal saline. 

Hyperglycaemia was confirmed by elevated glucose levels in plasma, 

determined after 72 h injections of STZ. Animals with blood glucose 

concentration more than 200 mg/dl were used for the study. 

Diabetic animals were randomly divided into five groups containing 

twelve in each group. All groups receive STZ except normal control 

and the treatment protocol is as follows:  

Group I–Normal control (saline treatment) 

Group II–Positive control (STZ treatment)  

Group III–Aqueous PHF (STZ+Dose I, 200 mg/kg, b.w.) 

Group IV–Aqueous PHF (STZ+Dose II, 400 mg/kg, b.w.) 

Group V–Standard group (STZ+Metformin, 5 mg/kg, b.w.) 

The drugs were administered orally using an intragastric tube once 

daily for 45 d, continuously. Body weight of animals was measured 

throughout the experiment. At the end of the experiment, the 

animals were fasted overnight and blood collected for various 

biochemical estimations. The animals were then sacrificed (under 

the influence of overdosed isoflurane anaesthesia). The kidney, liver 

and pancreas were quickly excised, immediately rinsed in ice-cold 

saline; a portion of the organs were fixed in 10% neutral buffered 

formalin for histopathological study and the remaining portion were 

stored for further biochemical estimations. 

Biochemical parameters 

Fasting blood glucose analysis was done using a commercially 

available kit (Agapee Diagnostic, India). Serum insulin levels were 

measured by the Elisa kit from Mercodia, Swedan. Glycosylated 

haemoglobin (HbA1C %) was determined in EDTA-blood samples 

using a commercial assay kit (Accurex Biomedical PVT. LTD. 

Maharashtra, India). Blood samples were centrifuged at 7000 rpm 

for 15 min at 4⸰  C to separate the serum. Serum creatinine, uric acid 

and urea levels measured using the respective assay kits (Agapee 

Diagnostic, India) using a semi-automatic biochemical analyzer 

(RMS Biochemical Analyzer, Chandigarh, India). 

Lipid profiles 

The serum total cholesterol (TC), HDL-cholesterol (HDL-C) and 

triglyceride (TG) were measured using the respective assay kits (Agapee 

Diagnostic, India) using a semi-automatic biochemical analyzer. The 

fraction of very low-density lipoproteins (VLDL-C) and low-density 

lipoproteins (LDL-C) in the serum were calculated as follows- 

VLDL =TG/5 

LDL=Total cholesterol-TG/5-HDL 

In vivo antioxidants 

A 10% (w/v) homogenate of liver and kidney were prepared by 

using Remi homogenizer at a speed of 10,000 rpm. The 

homogenized tissue preparation was used to measure the levels of 

antioxidant enzymes in liver and kidney tissues. GSH was estimated 

according the method described by Pompella et al., CAT, SOD and 

lipid peroxidation (MDA content) were measured according to the 

method described by Sinha, Kakkar et al. and Ohkawa et al. [14-17]. 

Histopathological studies 

At the end of the treatment, blood samples were collected (retro 

orbital plexus) from all the animals of different groups and then 

animals were sacrificed using mild anaesthesia (Isoflurane). The 

pancreas, kidney and liver tissues were collected and fixed in neutral 

formalin solution for 48 h, dehydrated by passing through graded 

series of alcohol embedded in paraffin blocks and 4 µm thick 

sections were prepared using a semi-automated rotator microtome. 

Statistical analysis 

All values are taken from mean±SEM. Graphpad prism version 5 was 

used for statistical analysis. Results of this study were compared by 

ANOVA, followed by Dunnett’s Multiple Comparison Test. 

RESULTS 

Acute oral toxicity test 

Acute oral toxicity study of PHF was done according to OECD 

guidelines for 425 and revealed the non-toxic nature of PHF at the 

limit test dose of 2000 mg/kg b.w. p. o till the end of the study.  

Effect of PHF and metformin on body weight in STZ induced 

animals 

The body weight of the diabetic rats showed a significant (P<0.001) 

decrease after the administration of STZ-nicotinamide. The 

treatment with PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and 

metformin shows mild reduction in b.w. compared with diabetic 

control rats [fig. 1]. 

Effect of PHF and metformin on blood glucose level, serum 

insulin level and glycosylated haemoglobin level in STZ induced 

animals 

In the diabetic control rats, HbA1C level was significantly (P<0.001) 

increased when compared to normal control rats. Diabetic rats 

treated with PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and 

metformin showed significant (P<0.001) reduction in HbA1C levels 

as compared to diabetic control rats. In the diabetic control rats, 

fasting blood glucose level was significantly (P<0.001) increased 

when compared to normal control rats. Diabetic rats treated with 

PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and metformin 

showed significant (P<0.001) reduction in fasting blood glucose 

levels as compared to diabetic control rats. In addition, the positive 

control group animals showed significantly lower insulin levels. At 

the end of 45 d of treatment, there was a decrease in blood glucose 

treated with standard (metformin 5 mg/kg, b.w.) and PHF at two 

different doses (200 and 400 mg/kg, b.w.) showed 42.78%, 49.75% 

and 41.23% respectively decrease of glucose level [fig. 2] [table 1]. 

Effect of PHF on urine volume, serum creatinine, urea and uric 

acid levels in STZ induced diabetic animals 

In the diabetic control group, urine volume was significantly 

(P<0.001) increased when compared to the normal control rats. 

When diabetic rats treated with PHF (Dose-I, 200 mg/kg, Dose-II, 

400 mg/kg) and metformin showed significant (P<0.001) reduction 

in urine volume as compared to diabetic control rats. 

Streptozotocin-nicotinamide injection caused a marked reduction in 

renal function, as characterized by significant (P<0.001) increase in 

serum creatinine, urea, and uric acid levels as compared to normal 

control rats. Thus, these data suggest that a single i. p. injection of 

STZ-nicotinamide impairs kidney functions. Treatment with PHF 
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(Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and metformin showed a 

significant (P<0.001) reduction in serum creatinine, uric acid and 

urea levels as compared to diabetic control rats [table 2]. 

Effect of PHF on TC, TG, HDL, VLDL and LDL levels in STZ 

induced diabetic animals 

Diabetic control rats showed a significant (P<0.001) increase in the 
levels of triglycerides, cholesterol, VLDL, LDL and a decrease in HDL 
when compared with normal control group. The treatment of 
diabetic rats with PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and 
metformin showed (P<0.001) decrease in the levels of triglycerides, 
cholesterol, VLDL, LDL and increase in HDL when compared with 
diabetic control rats [table 3]. 

Effect of PHF on SOD, CAT, MDA, GSH levels in Kidney in STZ 

induced diabetic animals 

The content of MDA, the end product of lipid peroxidation and a 
marker of oxidative stress was significantly (P<0.001) increased in 
renal tissue of diabetic control rats as compared to non-diabetic rats. 
There was a significant (P<0.001) decrease in the levels of GSH, an 
endogenous antioxidant and antiperoxidative enzymes (SOD and CAT) 
in renal tissue as compared to normal control group. The treatment of 
diabetic rats with PHF (Dose-I, 200 mg/kg, Dose-II, 400 mg/kg) and 
metformin showed a significant (P<0.001) decrease in the levels of 
MDA as compared to diabetic control rats and showed a significant 
(P<0.001) increase in SOD, CAT and GSH activities [table 4]. 

Effect of PHF on SOD, CAT, MDA and GSH levels in liver in STZ 

induced diabetic animals 

The results showed that compared with rats in the normal control 

group, MDA levels in diabetic rats were significantly increased, while 

SOD, CAT and GSH activity was significantly decreased at the end of 

the study (P<0.001). The treatment of diabetic rats with PHF (Dose-

I, 200 mg/kg, Dose-II, 400 mg/kg) and metformin showed a 

significant (P<0.001) decrease in the levels of MDA as compared to 

diabetic control rats and showed a significant (P<0.001) increase in 

SOD, CAT and GSH activities [table 4]. 

 

Fig. 1: Effect of PHF and metformin on body weight in STZ 

induced diabetic animals, values are expressed as mean±SEM, 

n=6, a= ***P<0.001when compared to normal control group, b= 
***P<0.001when compared to positive control group 

 

 

Fig. 2: Effect of PHF and metformin on fasting blood glucose levels 

in STZ induced diabetic animals, Values are expressed as 

mean±SEM, n=6, a= ***P<0.001when compared to normal control 

group, b= ***P<0.001when compared to positive control group

 

Table 1: Effect of PHF on serum insulin and HbA1c levels in STZ induced diabetic animals 

Groups Serum insulin (µU/ml) HbA1c (mg%) 

Normal 31.06±0.514 4.275±0.049 

Positive control (STZ) 12.02±0.506***a 8.375±0.096***a 

Standard Treatment (Metformin 5 mg/kg, b.w.)+STZ 26.72±0.381***b 6.105±0.080***b 

Dose-I (200 mg/kg, b.w.)+STZ 21.22±0.125***b 7.325±0.056***b 

Dose-II (400 mg/kg, b.w.)+STZ 25.17±0.319***b 6.613±0.064***b 

Where, HbA1c-Glycosylate haemoglobin, values are expressed as mean±SEM, n=6. ***P<0.001, when compared to normal control group (a) and 
***P<0.001, when compared to positive control group (b). 

 

Table 2: Effect of PHF on serum creatinine, urea and uric acid levels in STZ induced diabetic animals 

Groups Serum creatinine (mg/dl) Serum urea (mg/dl) Serum uric acid (mg/dl) 

Normal 0.465±0.921 23.11±0.539 1.715±0.015 

Positive control (STZ) 1.917±0.092***a 58.47±0.521***a 4.108±0.021***a 

Standard treatment (Metformin 5 mg/kg, b.w.)+STZ 0.870±0.023***b 44.72±0.644***b 2.427±0.022***b 

Dose-I (200 mg/kg, b.w.)+STZ 1.357±0.046***b 47.26±0.293***b 3.277±0.018***b 

Dose-II (400 mg/kg, b.w.)+STZ 1.247±0.061***b 37.56±0.389***b 2.735±0.012***b 

Values are expressed as mean±SEM, n=6. ***P<0.001, when compared to normal control group (a) and ***P<0.001, when compared to positive control 

group (b). 

 

Table 3: Effect of PHF on TC, TG, HDL, VLDL and LDL levels in STZ induced diabetic animals 

Groups TC (mg/dl) TG(mg/dl) HDL(mg/dl) VLDL(mg/dl) LDL(mg/dl) 

Normal 91.66±1.457 111.90±2.098 35.79±0.337 22.37±0.419 33.68±1.224 

Positive control (STZ) 182.20±1.572***a 182.60±1.629***a 25.78±0.859***a 36.52±0.325***a 119.90±1.918***a 

Standard (Metformin 5 mg/kg, 

b.w.) +STZ 

122.80±1.771***b 130.40±1.185***b 33.02±0.485***b 26.07±0.236***b 63.74±2.066***b 

Dose-I (200 mg/kg, b.w.)+STZ 147.10±1.389***b 155.10±0.853***b 29.76±0.400***b 31.02±0.170***b 86.33±1.404***b 

Dose-II (400 mg/kg, b.w.)+STZ 132.40±0.779***b 142.90±0.923***b 31.93±0.366***b 28.57±0.184***b 71.93±1.014***b 

Where, TC-total cholesterol, TG-triglyceride, HDL-high density lipoprotein, VLDL-very low-density lipoprotein, LDL-low density lipoprotein, values are 

expressed as mean±SEM, n=6. ***P<0.001, when compared to normal control group (a) and ***P<0.001, when compared to positive control group (b). 
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Table 4: Effect of PHF on SOD, CAT, MDA, GSH levels in kidney and Liver in STZ induced diabetic animals 

Groups Organ SOD (U/mg 

protein) 

CAT (U/mg 

protein) 

MDA (nmoles/mg 

protein) 

GSH (nmoles/mg 

protein) 

Normal 

 

Kidney 

Liver 

9.73±0.248 

8.77±0.167 

55.15±0.481 

59.00±0.107 

1.13±0.050 

1.27±0.113 

16.97±0.103 

38.93±0.173 

Positive control (STZ) Kidney 

Liver 

3.03±0.075***a 

1.12±0.052***a 

25.40±1.201***a 

26.70±0.114***a 

6.17±0.075***a 

14.25±0.294***a 

9.08±0.190***a 

17.98±0.234***a 

Standard (Metformin 5 mg/kg, 

b.w.)+STZ 

Kidney 

Liver 

6.21±0.127***b 

7.66±0.149***b 

48.58±0.427***b 

54.64±0.218***b 

2.04±0.051***b 

2.51±0.127***b 

14.21±0.196***b 

37.01±0.346***b 

Dose-I (200 mg/kg, b.w.)+STZ Kidney 

Liver 

4.95±0.048***b 

4.54±0.145***b 

42.77±0.431***b 

45.98±0.166***b 

2.97±0.071***b 

4.06±0.093***b 

12.00±0.077***b 

33.11±0.179***b 

Dose-II (400 mg/kg, b.w.)+STZ Kidney 

Liver 

5.25±0.039***b 

6.91±0.082***b 

46.01±0.428***b 

53.07±0.280***b 

2.19±0.034***b 

3.02±0.058***b 

13.18±0.115***b 

35.44±0.160***b 

Where, SOD-superoxide dismutase, CAT-catalase, MDA-malondialdehyde, GSH-glutathione, values are expressed as mean±SEM, n=6. ***P<0.001, 

when compared to normal control group (a) and ***P<0.001, when compared to positive control group (b). 

 

Histopathological studies of kidney, liver and pancreas 

The tubules of the kidney showed some degenerative changes and 
few blood vessels were congested with diabetic control rats as 
compared to normal structural features of a control animal. In the 
normal control group, the histopathological examination of kidney 
tissue showed the normal appearance of glomeruli and tubules (long 
arrow). Treatment with Dose-I 200 mg/kg (PHF) showed some 
degenerative changes. However, treatment with Dose-II 400 mg/kg 
and metformin showed intact architecture as compared to normal 
group [fig. 3]. 

Section studied in positive control rats shows the liver parenchyma 

having partially distorted architecture and there are seen focal areas 

of necrosis (short arrow) with congested blood vessels as compared 

to normal control group {[shows intact architecture] (long arrow)}. 

Treatment with PHF (Dose-II, 400 mg/kg) shows the liver 

parenchyma having intact architecture and the perivenular, 

periportal and midzonal hepatocytes appear unremarkable. The 

central veins and sinusoids appear unremarkable as compared to 

positive control group [fig. 4]. 

Section studied shows in positive control rat that pancreatic lobules 

separated by connective tissue septa. The centre of islet cells 

consists of a quantitative decrease in small β-cells (long arrow) 

(30%, compared to normal control, 70%), while the periphery 

comprises of large α-cells (short arrow) (65%, compared to normal 

control, 25%). Treatment with PHF (Dose-II, 400 mg/kg) shows 

regeneration of β-cells (70%, compared to positive control group 

30%), while the periphery comprises of large α-cells (25%, 

compared to positive control group 65%) [fig. 5]. 

  

 

Fig. 3: Histopathology of kidney tissues from rats. (a) Normal control group, (b) Positive control group, (c) Standard (d) Dose-II 400 

mg/kg (H and E 400×), Where, H and E-Hematoxylin and eosin 

 

 

Fig. 4: Histopathology of pancreas from rats. (a) Normal control group, (b) Positive control group, (c) Standard (d) Dose-II 400 mg/kg 

(HandE 400×), Where, H and E-Hematoxylin and eosin 

 

 

Fig. 5: Histopathology of liver from rats. (a) Normal control group, (b) Positive control group, (c) Standard (d) Dose-II 400 mg/kg (H and E 

400×), Where, H and E-Hematoxylin and eosin 
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DISCUSSION 

DM is a long-term disorder characterized by elevated blood glucose 

level due to absolute or relative insulin deficiency [18]. The present 

study was undertaken to evaluate antidiabetic, hypolipidemic and 

antioxidant activities of PHF in normal rats, STZ-induced untreated 

rats and treated diabetes rats with PHF and metformin. 

STZ-induced hyperglycemia is a widely applied experimental model 

because of the ability of STZ to selectively target and destroy insulin-

producing pancreatic islet β-cells. The intraperitoneal 

administration of STZ (65 mg/kg) partially damages the insulin-

secreting pancreatic β-cells by breaking the DNA strand, which 

results in increased blood glucose levels and decreased in 

endogenous insulin release. Oral administration of PHF (200 and 

400 mg/kg) resulted in significant reduction in fasting blood glucose 

levels. The increased serum insulin levels in PHF treated STZ-

diabetic rats could be due to the protection of function β-cells from 

further deterioration. Increased levels of insulin might help in 

improving glycemic control in STZ-diabetic rats. 

In our study, the body weight of STZ-induced untreated diabetic 
group showed a significant decrease. Oral administration of PHF at a 
dose of 400 mg/kg for 45 d showed an improvement in body weight 
in comparison to diabetic control and rats treated with metformin. 
The higher body weight of PHF treated rats might be due to their 
improved glycemic control. 

HbA1C levels are monitors as a consistent index of glycemic control 
in diabetes [19]. Administration of PHF results in decreased fasting 
blood glucose levels, further leading to significant reduction in 
HbA1C levels in diabetic rats. 

The most commonly observed lipid abnormalities in diabetes are 

hypertriglyceridemia and hypercholesterolemia [20]. The excess of 

fatty acids in the plasma may support the hepatic conversion of fatty 

acids into phospholipids and cholesterol. These changes may usually 

lead to secondary complications of diabetes such as atherosclerosis 

and increased coronary heart disease. Our results indicate lipid 

profiles viz cholesterol, triglyceride, VLDL and LDL were reduced 

significantly by PHF administration. HDL plays a key role in 

protecting against heart disease because of its role in the 

transportation of excess cholesterol out of the body and is known as 

“good cholesterol”. In the present study, PHF significantly increased 

the HDL level in treated diabetic animals. 

Oxidative stress plays a crucial role in the development of 

hyperglycaemia, which generates reactive oxygen species (ROS) 

causing cellular injury and several deleterious effects on cellular 

physiology and these have a key role in the development of secondary 

complications of diabetes. An elevated level of MDA in diabetic put 

forward for consideration that peroxide injury may be involved in 

diabetic complications. In the present study, a marked increase in the 

levels of tissue malondialdehyde (MDA) content in STZ-diabetic rats 

leading to tissue injury and failure of antioxidant defence mechanism. 

The diabetic rats treated with PHF significantly decreased the levels of 

MDA in kidney and liver [21]. Several studies indicated that there is a 

generation of oxygen free radicals in STZ-treated β-cells and that the 

overexpression of antioxidant enzymes, such as SOD, CAT. Reduced 

activities of SOD and Cat in liver and kidney have been observed 

during diabetes. SOD is vital defence enzyme which catalyses the 

dismutation of superoxide radicals. CAT is a heme protein which 

catalyses the reduction of hydrogen peroxide and protects the tissues 

from highly reactive hydroxyl radicals [22]. Low activity of catalase 

which has been reported with schizophrenia and atherosclerosis [23] 

are the same way with the assumption that long-term oxidative stress 

may lead to development to type 2 diabetes. Our results indicate that 

treatment with PHF significantly increased the SOD and CAT levels in 

kidney and liver. PHF treated diabetic rats also significantly increase 

the levels of GSH in vital organs of rats.  

Histopathology studies of the pancreas showed that degeneration of β-

cells of the islets with a reduction in mass of islet cells in positive 

control rat. Groups treated with PHF showed regeneration of β-cells 

and increase in mass of islets as compared to positive control rats. 

Metformin (5 mg/kg) treated diabetic rats also showed regeneration 

of β-cells. Histopathology of kidney revealed that PHF significantly 

enhanced the normal appearance of glomeruli and tubules and also 

showed intact architecture when compare to positive control rats 

which showed degenerative changes and few blood vessels 

congestion.  

Histopathology studies of liver also revealed the protective effect of 

PHF. Treatment with PHF showed the intact architecture of liver 

parenchyma and the perivenular, periportal and midzonal 

hepatocytes. The central veins and sinusoids appear unremarkably 

normal compared to the positive control group which showed the 

liver parenchyma partially distorted. 

CONCLUSION 

In conclusion, data from the present study states that the PHF has 

potent antidiabetic, hypolipidemic and antioxidant activities. 

Biochemical and histopathological results of study also revealed the 

degree of protection offered by PHF to diabetic animals. Further 

studies are required for bioactivity guided drug discovery to isolate 

lead compounds, which may be responsible for these claimed 

activities.  
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ABSTRACT 

To evaluate the antidepressant activity of aqueous extract of Boerhaavia diffusa (Linn) in a chronic variable stress paradigm, a model 
with close resemblance to human depression. The effect of aqueous extract of Boerhaavia diffusa was investigated in increasing 
doses of 250 and 500 mg/kg body weight on the behavioral parameter of chronic variable stress-induced depression rat model using 
open field test, force swim test, and sucrose preference test. Physiological parameter such as body weight, feed consumption, and 
recording of ulcer score along with biochemical parameters such as the activity of superoxide dismutase, malondialdehyde and 
catalase assay were also investigated. Data were statistically analyzed using Graph-pad prism software and p<0.05 is considered as 
statistically significant. Exposure to chronic variable stress for 5 weeks and 3 weeks of treatment with extract resulted in statistically 
significant reduction in duration of immobility in forced swim test; elevation in number of rearing, line crossing, and stretch-attend 
posture in open field test; and increase in sucrose preference significantly. In addition, extract reversed reduced organ weight and 
increased ulceration. Treatment with aqueous extract of Boerhaavia diffusa also showed significant reduction in malondialdehyde 
level with significant increase in superoxide dismutase, catalase levels. Aqueous extract of Boerhaavia diffusa found to have 
potential antioxidant properties and showed dose-dependent antidepressant effect in an animal model. 
 

Keywords: Boerhaavia diffusa, Antidepressant, Stress, Behavioral test. 

 
INTRODUCTION 

ajor depression is a recurrent, endemic 
disorder associated with high mortality and 
manifested by the presence of symptoms 

associated with physiological, behavioral, and 
psychological levels.1, 2 Depression exhibits premature age 
onset with high lifetime chronicity2 holding fourth leading 
cause for the global infirmity.3 Patients with depression 
express symptoms such as depressed attitude, sleeping 
difficulties, lack of concern in regular activities 
(anhedonia), and afflict concentrations.

4, 5
 Risk factors 

include inflammation, neurodegeneration and prolonged 
psychological stress.

6
 Being a predominant causative 

factor “oxidative stress” attributes to neuropsychiatric 
diseases such as Alzheimer’s, Parkinson’s, and depressive 
disorders of the brain. Few studies reported that 
nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase enzymes of inflammatory cells emit reactive 
oxygen species,6-8 which in turn induce oxidative stress by 
overproducing free radicals and developing major 
depressive disorders.7 

Synthetic antidepressants are found efficacious; however, 
it causes severe side effects such as seizures, nausea, 
vomiting, but can also be fatal.9 To overcome 
disadvantages of synthetic drugs, new effective 
antidepressants from natural or alternative sources have 
evolved. Antidepressant activity of various herbal plants 
such as Bacopa monniera,10 Terminalia bellirica have been 
reported.11 

Boerhavia diffusa herb belongs to Nyctaginaceae family 
and distributed around tropics and subtropical regions. 
Whole plant parts, especially roots are rich source of 
rotenoids, flavonoids, xanthones, purine nucleoside, and 
sterols, which possess antidiabetic,12 anticancer,13 anti-
inflammatory activities and regarded as a therapeutic 
plant in traditional ayurvedic system.14 It scavenges free 
radicals and inhibits neurotoxic reaction by functioning as 
an antioxidant, which assists in reducing chronic 
neurodegenerative complications.15 Further research 
needed to evaluate its antidepressant activity and its role 
in chronic mild stress (CMS) model. This model mimics 
the progression and development of clinical depression, 
accelerates oxidative damage, causes anhedonia,

5, 16
 and 

impairs body weight and adrenal glands. These symptoms 
are consistent with human clinical presentations.

17
 

Including this chronic paradigm, current study was 
intended to evaluate the antidepressant activity of 
aqueous extract of roots of Boerhaavia diffusa (AEBD) 
and its possible role of the antioxidant mechanism. 

MATERIALS AND METHODS 

Plant materials 

Aqueous extract from fresh, dried roots of authenticated 
Boerhaavia diffusa Linn was prepared by double 
maceration and evaporation process, and stored properly 
during the entire due course of study. 

Experimental animals 

Naive and healthy male albino Wistar rats weighing 
between 180 and 200g were procured from licensed 

Evaluation of Antidepressant Activity of Boerhaavia diffusa (L.) Aqueous Extract  
in a Chronic Mild Stress Paradigm 

M 

Research Article 



Int. J. Pharm. Sci. Rev. Res., 45(2), July - August 2017; Article No. 09, Pages: 48-54                                                        ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net 

 

49 

commercial animal breeder (M/S Venkateshwara traders, 
Subramanyanagar, Bengaluru, license no. 328) and were 
made comfortable to 12:12 h light:dark cycle. Animals 
were maintained under animal house conditions as 
suggested by the Committee for the Purpose of Control 
and Supervision of Experiments on Animals (CPCSEA) 
guidelines with free access to food and water ad libitum. 
Clearance from Institutional Animal Ethical Committee 
(IAEC) was obtained prior to the experimentation. 
Statistical analysis was done using Graph-pad prism 
software. 

Experimental protocols for Behavioral assessment 

Chronic stress model  

Animals weighing between 180 and 200g were randomly 
assigned to five groups of eight animals each and treated 
as follows. 

Group I. Naive untreated/neither drug nor stress [Normal 
control]. 

Group II. Stressed, but not treated [pathogenic/positive 
control group]. 

Group III. Stress + AEBD 250mg dose treated [Dose 1 
Extract-treated group]. 

Group IV. Stress + AEBD 500mg dose treated [Dose 2 
Extract-treated group]. 

Group V. Stress + Fluoxetine 20mg/kg treated [Standard 
drug-treated group]. 

Animals were exposed to stressors as shown in Table 1 for 
consecutive 5 weeks. 

Table 1: Protocol for inducing chronic 
mild/unpredictable stress in laboratory animals 

Sl. No. Stressors Duration 

1 Food deprivation 10 h 

2 Water deprivation 6 h 

3 Cage tilting 6 h 

4 Wet bedding 6 h 

5 Soiled bed exposure Overnight 

6 Exposure to novel items 6 h 

7 Exposure to novel odors 6 h 

8 Reversal of light/day Overnight 

9 Restraint 1 h 

10 Cold swimming (4oC) 5 min 

11 Tail pinching 1 min 

After every consecutive 3 days of chronic unpredictable 
stress period, rest period was afforded to recover from 
the stress and given free access to food and water. 
Physiological, behavioral parameters were accessed on 
day 0, 17, and 18. On day 43 and 44, biochemical 
assessment was done along with physiological behavioral 
assessments. Behavioral assessment included forced 

swim test (FST), open field test (OFT), sucrose preference 
test. Physiological assessment included measurement of 
body organ weight (BW), and biochemical measurements 
were done for the levels of superoxide dismutase (SOD), 
malondialdehyde (MDA), and catalase assay (CAT). 

Forced swim test  

FST was followed as per procedure
18

, where the rats were 
exposed to swimming. The first exposure was for 15 min 
and second exposure was for 5 min, which was 
performed after 24 h from first exposure. The duration of 
immobility was recorded in the second exposure. 

Open field test 

OFT was performed as previously described by Katz et 
al.19 The tests were carried out on day 0, 17, and 18 and 
the parameter assessed were the number of line crossing, 
number of rearing, and number of stretch attended 
posture (SAP). 

Sucrose preference test 

Before performing sucrose preference test, rats were 
trained to consume (1% sucrose) solution. They were 
then exposed to 1% sucrose solution in one bottle and 
drinking water in another bottle for 24 h. Bottles of 1% 
sucrose solution and drinking water were reweighed to 
check the preferred consumption by rats. The experiment 
was carried out on day 0, 17, and 18. The sucrose 
preference was calculated by formula: 

                   
              

                           
     

Body and organ weight feed intake 

Body weight and feed intake of individual animals of 
different group were measured on day 0, 17, and 18. The 
brain was weighed at the end of the experiment after 
sacrificing the test animals. 

Assessment of gastric ulceration 

At the last day of study (18), animals were sacrificed and 
the stomach was removed and cleaned with physiological 
saline. The stomach was then inspected for formation of 
ulcer. The observed ulcers formed were scored as 
follows:0, no ulceration; 1, N<4; 2, N=4–8 or D= 0.5–
1.0mm; 3, N=9–16 or D=1.0–2.0mm; 4, N>16 or D> 
2.0mm. 

Biochemical estimation 

1. MDA level was determined as an index of lipid 
peroxidation, which was carried out by the method 
suggested by Ohkawa et.al.20 Protein estimation was 
carried out according to method suggested by 
Pomory21. 

2.  CAT was assessed spectrophotometrically according 
method described by Sinhaet.al.22 

3. SODactivity in the brain tissue was studied as per 
Kakkar et al

23
 procedure.   
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RESULTS 

Behavioral assessment  

Forced swim test 

As shown in Table 2, a significant dose-dependent 
reduction in the duration of immobility (p<0.001) was 
observed in control group compared to pathogenic group 

of animals. (250mg/kg) AEBD (250 mg/kg)-treated animal 
groups found to have significant reduction in duration of 
immobility than AEBD (500 mg/kg)-treated animals. 
Fluoxetine-treated group served as the standard and 
showed significant reduction in the duration of immobility 
compared to pathogenic or control animals. 

Table 2: Effect of extract treatment on behavioral despair and sucrose preference of test animals 

Group Treatment 
Duration of Immobility (s) Sucrose Preference (%) 

Before stress After  stress Before stress After stress 

I Vehicle control Vehicle 18.9 ± 0.54 23 ± 0.56a 76.9 85.2 

II Pathogenic Control Vehicle 11.2 ± 0.54 27.00± 0.36a,c 75.0 46.1 

III Treatment group AEBD (250 mg/ kg) 15.1 ± 0.47 21.5 ± 0.62a,d 72.7 60.8 

IV Treatment group AEBD (500 mg/ kg) 21.1 ± 0.47 28.6 ± 0.62a 72.7 61.5 

V Treatment group Fluoxetine (20 mg/ kg) 14.6 ± 0.37 18.1 ± 0.71b,d 72.1 60.6 

V All values are mean ± SEM of N=8. One way ANOVA followed by Newmans-Keuls tests and Two way ANOVA followed by Bonferroni 
post-tests; ap<0.001 compared to before stress, bp<0.01 compared to before stress, cp<0.001 compared to vehicle-treated group, 
dp<0.001 compare to pathogenic control group. 

Open field test  

In all the drug-treated groups, the number of line crossing 
showed a significant increase compared to the 
pathogenic group animals after 3 weeks of fluoxetine 
treatment (p<0.001), AEBD-250 mg/kg treatment 
(p<0.05), and AEBD-250 mg/kg treatment (p<0.001). A 
significant increase in number of rearing was also 
recorded after 3 week compared to the pathogenic group 

animals, fluoxetine-treated (p<0.001), AEBD-250 mg/kg-
treated (p<0.001), and AEBD-500 mg/kg-treated 
(p<0.001) animals. SAP also showed a significant increase 
after 3 week compared to the pathogenic group animals, 
fluoxetine-treated (p<0.001), AEBD-250 mg/kg-treated 
(p<0.001), and AEBD-500 mg/kg-treated (p<0.001) 
animals (Table 3). 

Table 3: Various anxiety parameters of open field test assessed in experimental animals 

Group Treatment 

Number of line crossings Number of rearing 
Number of stretch attended 

posture 

Before  

stress 

After  
stress 

Before 
stress 

After  

stress 
Before stress After stress 

I Vehicle 
control 

Vehicle 4.75±0.25 4.88±0.29 9.25±0.49 6.00±0.37d 3.88±0.350 4.00±0.189 

II Pathogenic 
Control 

Vehicle 6.00±0.25 4.50±0.22b 13.00±0.52 6.83±0.30d 5.50±0.428 2.50±0.22g 

III Treatment 
group 

AEBD (250 
mg/kg) 

8.75±0.25 5.50±0.26c 15.13±0.3 9.75±0.37d 6.87±0.295 4.50±0.32h 

IV Treatment 
group 

AEBD (500 
mg/kg) 

4.87±0.22 6.12±0.22
b
 9.50±0.33 10.88±0.29

f,d
 4.00±0.27 3.62±0.18

i
 

V Treatment 
group 

Fluoxetine (20 
mg/kg) 

7.75±0.20 6.62±0.32a 13.88±0.48 12.00±0.42e,d 3.75±0.25 5.12±0.23h 

All values are mean ± SEM of N = 8; One way ANOVA followed by Newmans-Keuls tests and Two way ANOVA followed by Bonferroni 
post-tests; bp<0.01 compared to pre stress; cp<0.001 compared to pre stress, group II; ap<0.05 compared to pre stress, group II; 
d
p<0.001 compared to pre stress; Group II; 

e
p<0.01 compared to pre stress, group II; 

f
p<0.05 compared to pre stress, group II; 

g
p<0.001 

compared to pre stress, group I; hp<0.001 compared to group II; ip<0.01 compared to group I 

Sucrose preference test  

Preference of sucrose consumption was found to be 
60.78% and 61.53% for AEBD (250mg/kg) and AEBD 

(500mg/kg) respectively, which was increased when 
compared to pathogenic group of animals (46.15). 
Fluoxetine-treated animals showed an increase in 
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preference of sucrose (60.6%) at the end of stress 
protocol compared to pathogenic group animals. 
Interestingly, 60.78%sucrose preference for AEBD (250 
mg/kg)-treated animals was more compared to sucrose 
preference of AEBD (500 mg/kg) and fluoxetine 
(20mg/kg)-treated group as shown previously in the table 
2. 

Physiological assessment 

Body organ weight 

All experimental groups of animals recorded a marginal, 
sometimes significant increase in body weight 
irrespective of stress protocol and extract/drug 
treatment.  

After 3 weeks, when compared to the pathogenic group 
animals (1.180±0.02 g), weight of the brain showed 

significant increase in fluoxetine-treated group (1.98±0.03 
g)(p<0.001), AEBD250 mg/kg-treated group (1.85±0.01 g) 
(p<0.001), andAEBD-500 mg/kg-treated group (1.92±0.01 
g)(p<0.001)(Table 4). 

Feed consumption 

Feed consumption in pathogenic group was 
decreasedfrom 125 to 115g. All the treated groups 
showed increase in feed consumption includingAEBD 
(250mg/kg)-treated animals in which increase in feed 
consumption was from 125 to 130g.Similarly inAEBD 
(500mg/kg)-treated animals feed consumption increased 
from 120 to 130g and in fluoxetine-treated group 
animalssimilar observation was noticed (125 to 
130g)(Table 4). 

Table 4: Various physiological parameters assessed in experimental animals 

Group Treatment 

Weight [gm] 
Average feed 

consumption [gm] Ulcer  

score 

Organ Weight 
(Brain) [gm] Before  

stress 

After 

stress 

Before 
stress 

After  
stress 

I Vehicle control Vehicle 181.0±1.25 199.0±2.27a 120 135 0.00±0.0 2.29±0.0 

II Pathogenic Control Vehicle 198.0±4.01 215.0±2.47b 120 115 2.3±0.3d 1.18±0.02g 

III Treatment group AEBD (250 mg/kg) 180.0±1.89 195.6±1.75a 125 130 1.0±0.3f 1.85±0.01ɵ 

IV Treatment group AEBD (500 mg/kg) 180.0±1.89 203.1±2.82 120 130 0.6±0.2f 1.92±0.01ɵ 

V Treatment group 
Fluoxetine-(20 

mg/kg) 
181.3±2.26 212.5±3.13

c
 125 130 0.6±0.3

f
 1.98±0.03

ɵ
 

All values are mean ± SEM of N = 8; One way ANOVA followed by Newmans-Keuls tests and Two way ANOVA followed by Bonferroni 
post-tests; 

a
p<0.001 compared to prestress; 

b
p<0.01 compared to prestress; 

c
p<0.001 compared to group II, poststress

d
p<0.001 

compared to group I; ɵ=p<0.001 compared to group II;fp<0.001 compared to group II; gp<0.001 compared to group I  

Ulcer score 

The ulcer score was significantly elevated (p<0.001) in 
pathogenic control group of animals (2.3±0.3). In AEBD 
(250 mg/kg)-, AEBD (500 mg/kg)-, and fluoxetine-treated 
group of animals, the scores were 1.0±0.3, 0.6±0.2, and 
0.6±0.3, respectively (Table 4). 

Biochemical parameters 

Malondialdehyde 

Significant increase in MDA levels wereseen in pathogenic 
control animals (11.8±0.12nmol/mg of protien) when 

compared to normal unstressed animals 
(9.7±0.15nmol/mg of protien) (p<0.001). In contrast a 
significant decrease in MDA levels were seen in AEBD 
(250mg/kg)- (7.4±0.21nmol/mg of protien) and AEBD-
(500mg/kg)-treated group (7.7±0.14nmol/mg of protien) 
when compared to pathogenic group (p<0.001). 
Fluoxetine-treated animals (8.9±0.26nmol/mg of protien) 
also reported significant decrease in MDA level when 
compared to Pathogenic control group (p<0.001)(Table 
5). 

 

Table 5: Levels of Antioxidant enzymes in the brain tissue of experimental animals 

Group Treatment MDA (nmol/mg protein) CAT (U/mg protein) SOD (U/mg protein) 

I Vehicle control Vehicle 9.7±0.15 13.5±0.15 22.2±0.58 

II Pathogenic Control Vehicle 11.8±0.12a 8.7±0.2a 15.26±0.22a 

III Treatment group AEBD (250 mg/kg) 7.4±0.21b 11.2±0.31b 17.568±0.17b 

IV Treatment group AEBD (500 mg/kg) 7.7±0.14b 11.6±0.24b 17.983±0.13b 

V Treatment group Fluoxetine (20 mg/kg) 8.9±0.26b 12.0±0.36b 18.756±0.31b 

a
p<0.001 compare to group I; 

b
p<0.001 compare to group II 
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Catalase and Superoxide dismutase assay 

Levels of CAT and SODwere significantly decreased in 
pathogenic control group when compared to normal 
unstressed group (p<0.001). AEBD (250 mg/kg)- and AEBD 
(500mg/kg)-treated group showed significant increase in 
SOD and CAT levels when compared to pathogenic group 
(p<0.001).Similarly, fluoxetine-treated group also had 
higher levels of CAT and SOD when compared to 
pathogenic control group (p<0.001) (Table 5). 

DISCUSSION 

Long-term vulnerability to unpredictable life stressors 
results in the development of depressive disorders 

24
 with 

core symptoms of depressed mood and anhedonia.25 
Chronic mild stress (CMS) model mimics the progression 
and development of clinical depression26. This model 
results in oxidative stress, inflammation, reduced 
locomotor activity, anhedonia, and impairs body weight, 
and adrenal glands. These symptoms are consistent with 
human clinical presentations.17, 24, 27 Mechanism behind 
this is not clearly understood; however,28 these 
symptoms can be reversible by using antidepressant 
agents.  

Dinesh et al. found that AEBD is involved in reducing the 
duration of immobility in stressed rats.29 Also, amplified 
immobility time in FST represents depression-like 
symptoms.30. Similarly, our study showed a significant 
reduction in the immobility after the treatment of AEBD 
(250 and 500 mg/kg body weight) on CMS model. This FST 
is well addressed as the “behavior despair” test, which is 
most frequently used strategy to determine depression-
like behavioral parameters in animals after exposure to 
various stressors and situations.31 

Another behavioral parameter anhedonia was evaluated 
using the sucrose preference test, which is known to be 
amarker for chronic variable stress. It indicates loss of 
interest or pleasure in daily activities. Studies suggested 
that chronic unpredictable stress damages nerve cells in 
the neural reward systemand thought to be associated 
with serotonergic (5-HT) and dopaminergic (DA) systems, 
which induce the loss of ability to experience happiness 
or pleasure.

32
 A study by Dhingra et al.

33
 Showed that 

punarnavine alkaloid isolated from Boerhaavia 
diffusapossess anti stress and gastroprotective properties 
and its supplementation restored the stressed rats with 
reduced sucrose preference, indicating reversal of the 
behavioral changes representing the antidepressant-like 
action in chronic variable stress model of paradigm. In 
contrast to these findings, our study also revealed that 
animals exposed to chronic variable stress resulted in 
decrease in the consumption of sucrose when compared 
to unstressed animals. Stressed animals with prolonged 
administration of AEBD at varied dose showed a 
significant increase in the consumption of sucrose when 
compared to stressed animals debarred from treatment,  

OFT explores locomotion and anxiety-related behavior.34 
The number of line crossing, number of rearing and 

number of SAP are measured for anxiety and locomotor 
activity. Elevation in these activities leads to lowered level 
of anxiety. Low level of anxiety will resemble 
antidepressant-like effect. In our study, treatment with 
AEBD significantly counteracted the decrease in number 
of rearing, number of line crossing, and SAP. Study by 
Dinesh et al

29
 also encountered with similar result where 

no significant change in the locomotor activity when 
compared to pathogenic group suggesting that 
Boerhaavia diffusa might have a mild or do not possess 
any motor effects. 

Exposure to chronic stress resulted in parallel suppression 
of food intake and body weight gain. The data indicate 
that the stress implicates on suppression of body weight 
and is associated either with increased energy exposure 
or changes in digestive physiology, which affects the 
nutrient uptake. Vulnerability to stress may induce gastric 
lesions

35
 and may affect not only feeding behavior but 

also digestive processes and energy uptake. Treatment 
with AEBD at different dose range normalized the 
physiological changes in feed consumption and body 
weight. 

Chronic variable Stress induces oxidative stress thereby 
contributing to increase in the chances of ulcer 
formation.28, 36However, treatment with AEBD reduced 
the ulcer score significantly suggestive of antidepressant 
property in reducing the chances of ulcer formation. 

Long-term stress is responsible for the alteration of 
expression of genes controlling antioxidant enzymes such 
as SOD, CAT, and NADPH oxidase leading to improper 
functioning of the host antioxidant defense system.37 At 
limited concentration, free radicals serve as a secondary 
messenger, but beyond limit it harms bio molecules and 
inactivates enzymes leading to necrotic and programmed 
cell death.38, 39 SOD is a crucial antioxidant enzyme that 
catalyzes highly reactive superoxide to less toxic hydrogen 
peroxide and believed to interact with neuroprotective 
substances.

38
 The present study shows that animals under 

chronic variable stress reported significant decrease in 
SOD level for pathogenic group animals when compared 
to control group animals. However, significant elevation 
was observed in SOD level after the supplementation of  
AEBD and fluxetine, which suggests that SOD act as 
antioxidants and protect cellular components from being 
oxidized by reactive oxygen species (ROS). However, this 
enzyme leads to increased oxidative stress due to 
production of hydrogen peroxide, only if there is 
impairment in the downstream antioxidant enzyme such 
as  catalase.38 In the current study, CAT levels of stressed 
paradigm was significantly reduced; however, treatment 
with AEBDat an increasing dose shows elevation in CAT 
levels as compared to pathogenic group animal. Similar 
result was shown by fluoxetine. A study by Dinesh et al.34 
with punarnavine alkaloid of Boerhaavia diffusa also 
showed an increase in catalase activity among stressed 
animals. 
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In depression condition, studies have observed increased 
lipid peroxidation, which is associated with oxidative 
stress, 

40
 and MDA could be a better marker for 

estimation of lipid peroxidation
41

. The present study 
shows that animals exposed to chronic variable stress 
have increased MDA level as compared to normal 
unstressed group indicating that there might be decrease 
in antioxidant defense. Supplementation of AEBD caused 
significant decrease in the levels of MDA, which acts as an 
evidence for reversal of pathological state of depression. 

It is postulated that the decreased strength of 
neurotransmitters such as serotonin, norepinephrine and 
dopamine leads to major depression disorders.42 Present 
study showed reduction in depression which suggests 
that it may enhance these neurotransmitter 
concentrations thereby reducing the symptoms of major 
depression. 

CONCLUSION 

AEBD possess both antidepressant and defensive 
property against oxidative stress and might play a key role 
as antidepressant therapeutic agent. Further research are 
needed for isolation of ingredients, chemical constituents 
and estimation of neurotransmitters behind it, which may 
help to establish the possible mechanism of action and its 
potential in the management of depression. 
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a b s t r a c t

Apoptosis is a highly regulated pathway of programmed cell death relying on the fine balance between
pro and antiapoptotic binding partners. Overexpression of the antiapoptotic protein BCL2 in several can-
cers makes it an ideal target for chemotherapy, with minimum side effects. In one of our previous studies,
we designed, synthesized and characterized Disarib, a BCL2-specific small molecule inhibitor.
Interestingly, Disarib showed a novel mode of BCL2 inhibition, by predominantly binding to its BH1
domain, as compared to the BH3-specific action of other known BCL2 inhibitors. Here, we investigate
the mechanism by which Disarib induces cell death, upon binding to BCL2. We find that Disarib
specifically disrupted the BCL2-BAK interaction, but not that of BCL2-BAX or other members of the
proapoptotic family such as PUMA and BIM, in vitro. Biochemical and biophysical studies demonstrate
Disarib-induced inhibition of BCL2-BAK interaction with a Ki of 12.76 nM. Genetic knockout cells of
BAK/BAX and double knockout (DKO) cells confirmed a BAK-specific action of Disarib, thereby facilitating
apoptosis. Importantly, intracellular FRET in BAK/BAX single and double knockout cells demonstrated
BCL2-BAK disruption, and activation of intrinsic pathway of apoptosis upon Disarib treatment. Thus,
we report a unique mechanism of action of a BCL2 inhibitor, Disarib, by specifically targeting the
interaction of BCL2-BAK, while sparing that of other proapoptotic binding partners.

� 2017 Elsevier Inc. All rights reserved.

1. Introduction

Programmed cell death, also known as apoptosis, is important
for proper functioning of human body, including normal cell turn-
over, development and regulation of immune system, gametogen-
esis and embryonic development [1,2]. Previous studies have
extensively helped in understanding the mechanistic details of var-
ious apoptotic pathways including the protein machinery involved
in each pathway [3–5]. The apoptotic proteins, collectively known
as B-cell lymphoma 2 (BCL2) family proteins, can be broadly clas-
sified as proapoptotic (BAK, BAX, BIM, BID, BOK) and antiapoptotic
(BCL2, BCL-xL, BCL2A1, BCLw) [3–5]. In a normal healthy cell, BCL2
remains bound to one of the proapoptotic partners such as BIM/

BAK/BAX, unless acted upon by a stimulus for activation of apopto-
sis. Upon initiation of apoptosis, BAK/BAX homodimerize to form
pores in the mitochondrial membrane, leading to leakage of cyto-
chrome C [6]. In conjunction with APAF-1 protein in the cytoplasm,
cytochrome C forms a complex called ‘Apoptosome’, which further
leads to Caspase9 activation, followed by DNA cleavage and cell
death [7–9].

Although BH3-only proteins such as BIM and BID are involved
in extensive signalling to activate the downstream apoptotic path-
way, BAK and BAX are the proteins that help in pore formation via
homo-di/oligomerization within the cells [10]. In a healthy cell,
BAK is present on the mitochondrion, with its transmembrane
domain spanning the outer membrane (OM) [11]. BAX, on the
other hand, resides largely in the cytosol due to constant retro-
translocation from the mitochondrial membrane, with its trans-
membrane domain lying within the hydrophobic groove. Upon
induction of a cytotoxic signal, the transmembrane domain gets
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exposed, resulting in accumulation of BAX in mitochondria. Upon
activation, BAK and BAX undergo significant changes in conforma-
tion in the N terminus, C terminus (BAX only), BH3 domain and the
a5 and a6 helices. Interestingly, the BH3 domain of inactive BAK
and BAX is tucked away in the BCL2-BAX/BAK interaction, and
becomes exposed upon activation, thereby facilitating homo/
hetero-oligomerization of BAK and BAX. Several aspects like, dis-
ruption of BAK/BAX from BCL2 protein, oligomerization and pore
formation in the outer mitochondrial membrane during activation
of apoptosis are not well understood [4,5,11,12].

BCL2 is an ideal target for cancer therapeutics, owing to its
overexpression in several cancers, and concomitant low levels in
normal cells [3,13]. Many known BCL2 inhibitors such as ABT199,
HA14-1 bind to the hydrophobic groove of BCL2, dissociating/com-
peting out its proapoptotic partners BAK/BAX, ultimately leading
to apoptosis [3]. In an earlier study, we described a novel small
molecule inhibitor, Disarib, which could specifically target BCL2,
sparing other members of the BCL2 antiapoptotic family such as
BCL-xL, MCL1, BCL2A1 [14]. Interestingly, results showed that
Disarib predominantly targeted the BH1 domain of BCL2, unlike
previously characterized BCL2 inhibitors, which were largely
BH3-specific [15]. In an independent study, we reported tumor
regression property of Disarib in mouse xenograft and allograft
models, without significant side effects [16]. More importantly,
Disarib exhibited better efficacy compared to previously reported
BCL2 inhibitor, ABT199, in tested cancer cell lines and mouse
tumor model [14]. These findings prompted us to investigate the
mechanism by which Disarib induces cell death. Here, we show
that Disarib interferes with the binding of BCL2-BAK, but not of
BCL2-BAX or other proapoptotic protein partners such as BIM
and PUMA. Biochemical, biophysical and in silico studies reveal
binding of Disarib to the hydrophobic groove of BCL2 in a manner
that specifically disrupts BCL2-BAK interaction. Importantly,
studies using BAX�/�, BAK�/� and double knockout MEFs reveal a
BCL2-BAK-specific mechanism of action for Disarib within the cells.

2. Materials and methods

2.1. Enzymes, chemicals, and reagents

Chemical reagents were obtained from Sigma Chemical Co. (St.
Louis, MO, USA) and SRL (Andheri (E), Mumbai, India). DNA modi-
fying enzymes were from New England Biolabs (Beverly, MA, USA).
Antibodies were purchased as specified. BCL2 (SC783), BAK
(SC7873), BAX (SC7480), were from Santa Cruz Biotechnology (Dal-
las, TX, USA). BIM (2819) was from BD Biosciences (San Jose, CA,
USA). PUMA (4976) was from CST (Danvers, MA, USA). Culture
media were from Sera Laboratory International limited (West Sus-
sex, UK), FBS and PenStrep were from Gibco BRL (Gaithersburg,
MD, USA).

2.2. Chemical synthesis

Synthesis and characterization of Disarib and 5p has been
described previously [14].

2.3. Cell lines and culture

NALM6 (B-cell leukemia) cell line was a kind gift from Dr. M.R.
Lieber, USA. HCT116 cells were a kind gift from Dr. B. Vogelstein,
USA. MEF cells were a kind gift from Dr. S. Korsemeyer, USA. Cells
were cultured in RPMI 1640 or DMEMmedium 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 (10–12) were used for the
experiments.

2.4. Plasmid construct

Truncated BAK lacking transmembrane domain was PCR ampli-
fied from human cDNA using the primers SS107 and SS109. The
amplified product was cloned into EcoRI and HindIII sites of pET
DUET vector. The resulting clone, pMS27, was used for expression
studies following sequence confirmation.

2.5. Oligomers

Oligomers were designed and synthesized from IDT (Coralville,
IA, USA). Oligomers used in the present study were, SS107, 50-GA
ATTCATGGCTTCGGGGCAAG-30; SS109, 50-AAGCTTATTGCCCAAGT-
TCAG-30.

2.6. Coimmunoprecipitation of BAK, BAX, BIM and PUMA using BCL2
antibody

Coimmunoprecipitation of BCL2 and BAK, following Disarib
treatment was performed by immunoprecipitation using anti-
BCL2 from lysates of NALM6 as described before [17,18]. Similarly,
BCL2-BAX, BCL2-BIM and BCL2-PUMA interactions were also stud-
ied by coimmunoprecipitation using BCL2 antibody. In brief,
NALM6 lysates were precleared with Protein G agarose beads
(Sigma) and 0.6 lg of anti-BCL2 polyclonal antibody was incubated
with 100 lg of NALM6 lysate in a rotator shaker (4 �C, 12 h) in the
presence of Disarib (5, 10 and 20 lM or 10 and 50 lM, as indicated
in the figure). The protein bound antibodies were then captured
with protein G agarose beads by incubating the beads and antibod-
ies for 8 h at 4 �C. The beads were then washed with PBS containing
0.2% Tween 20 and heated at 95 �C in 1X SDS loading buffer. The
samples were loaded on 12% SDS PAGE and evaluated through
immunoblotting to detect coimmunoprecipitation using respective
antibodies.

To evaluate the effect of Disarib on BCL2-BAK interaction
ex vivo, NALM6 cells were treated with increasing concentrations
of Disarib (10 and 50 lM) for 24 h. The cells were lysed and
immunoprecipitation was carried out as described above.
Immunoblotting was then used to evaluate the extent of coim-
munoprecipitation of BCL2 and BAK. Similarly, the BCL2-BAX inter-
action was also studied. The effect of Disarib (10, 20 and 50 lM) on
interaction of purified recombinant BCL2 (2.4 lg) and BAK (2.9 lg),
taken in equimolar concentrations (140 pmol) was also tested.

2.7. In silico studies

Crystal structure of human BCL2 (1GJH) retrieved from PDB
database was used to dock the synthesized compounds with the
aid of AutoDock Vina [19]. Input files for AutoDock Vina were pre-
pared using AutoDock Tools 4.2 that included addition of polar
hydrogen atoms and Gasteiger charges [20]. Autogrid 4.2 was used
to generate the grid map. A grid box of size 40 � 40 � 40 Å3 with a
grid spacing of 0.375 Å was set to cover the putative binding site of
the BCL2. Docking was performed keeping BCL2 fixed while Disarib
was allowed to flex. 40 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. Conforma-
tion pertaining to lowest binding energy was chosen for further
studies. BH3 domain of BAK was designed using Biopolymer mod-
ule of Insight II [21]. The modelled BAK peptide was then docked
with BCL2 protein and subsequent interaction studies were carried
out using the graphical interface of Insight II software package on
an O2 sgi workstation. Both the BAK peptide (BH3 domain) and the
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docked complex of BCL2 and BAK were energy minimized
(vacuum) using sander module of AMBER 14 [22]. Figures were
prepared using PyMOL (http://www.pymol.org).

2.8. Trypan blue exclusion assay

Cell viability after treatment with the potential BCL2 inhibitors
was assayed using trypan blue exclusion assay [23,24]. Briefly, Dis-
arib (0.5, 1, 5, 10, 20 mM) was added to the cells (MEF and HCT116)
and cells were harvested 48 h post treatment. Number of viable
cells was determined 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 concentration of the compound. Data from
the 48 h time point were used for calculating the IC50 value of indi-
vidual compound from selected cell lines.

2.9. MTT assay

In order to measure cell proliferation after treatment with the
compound, the cultured cells (MEF, HCT116; 25,000 cells/ml) were
treated with different concentrations of Disarib (0.5, 1, 5, 10,
20 mM). Equal volume of cells (100 ml) were collected at the end
of 48 h and 72 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 [25,26]. Change in the intensity of color was measured
at 570 nm. IC50 values were calculated using data from 48 h time
points.

2.10. Circular dichroism (CD)

Circular dichroism studies were done using purified recombi-
nant BAK in the presence of Disarib, to assess binding [27,28].
The purified protein (8 mM) was subjected to CD following dilution
in PBS and the spectrum was recorded between wavelengths 200
and 250 nm (5 cycles, scan speed of 50 nm/s at 4 �C) in a JASCO
J-810 spectropolarimeter. A titration of Disarib was performed
with BAK at 10, 100 and 500 nM concentrations. Spectra resulting
from buffer alone and buffer containing DMSO equivalent to the
inhibitor volumes were subtracted from the protein spectra.

2.11. Overexpression and purification of BCL2

The transmembrane deleted versions of BCL2 protein (variant 2
[29]) was overexpressed in E. coli, BL21 pLysS [14]. Cells trans-
formed with pMS42 were cultured in LB medium (1 L) containing
ampicillin (100 lg/ml) and chloramphenicol (34 lg/ml). A trans-
membrane deleted version was used, to facilitate the BCL2 purifi-
cation. 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
extract was then loaded onto Ni-NTA column (Novagen). Protein
was eluted with increasing concentration of imidazole (100 mM–
400 mM). Fractions were analysed 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 analysed 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.

2.12. Overexpression and purification of BAK

The transmembrane deleted versions of BAK were overex-
pressed in E. coli, BL21 pLysS. For purification of BAK, pMS27 was
transformed into E. coli BL21 pLysS, grown in LB medium (1 L) con-
taining ampicillin (100 mg/ml), induced with 0.5 mM IPTG at 16 �C
for 18 h. Protein was purified using a Ni-NTA column as described
for BCL2. Elution was performed with a step gradient using 60–
800 mM imidazole and the fractions were analysed 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 analysed by silver staining
and fractions with 90% homogeneity of the BAK (250 mM NaCl)
were dialysed (20 mM Tris-HCl [pH 8.0], 300 mM NaCl, 1 mM
PMSF and 10% glycerol) and stored as aliquots at �80 �C.

2.13. Fluorescence spectroscopic studies

Fluorescence spectroscopic studies were performed on Jasco FP-
6300 Spectrofluorometer. The excitation wavelengths for ANS (8-
Anilinonaphthalene-1-sulfonic acid) (Sigma Chemical Co., St Louis,
MO, USA) were 374 nm while the emission was recorded from
400 nm to 600 nm. The excitation and emission slit widths were
2.5 and 3 nm, respectively. Each spectrum was an average of six
consecutive scans, and all the experiments were done in
duplicates.

Protein sample (1 lM) was diluted in PBS (pH 7.4) and was
checked for the ‘inner filter effect’ over the range of ANS as well
as ligand concentrations. Blank containing equal concentration of
fluorophore as that in samples was used as control and the neces-
sary corrections were done accordingly [30].

ANS concentrations were determined spectroscopically using
an extinction coefficient of 6.8 � 103 M�1 cm�1 at 370 nm. The pro-
tein was first titrated against varying concentrations of ANS to
achieve a suitable concentration for further usage. As ANS forms
a complex with protein, a blue shift was observed (from 520 nm
to 470 nm). 100 lM of ANS was used with 1 lM of protein to attain
maximum saturation at 4 �C and the total concentration of ANS
and protein was kept constant throughout the experiment. Then
this complex was titrated against increasing concentrations of Dis-
arib. The decrease in ANS fluorescence due to its displacement by
Disarib from the protein was monitored.

The fluorescence intensity data were plotted using GraphPad
prism software. To determine the dissociation constant, net change
in the relative fluorescence unit (RFU) was plotted against increas-
ing Disarib concentration (at constant protein and ANS concentra-
tions). GraphPad prism was used for the analysis and the non-
linear regression (curve fit) model (least square ordinary fit) using
the Binding Saturation ‘one site-specific binding’ function was
applied.

2.14. Fluorescence polarization assay

BAK peptide of BH3 domain sequence GQVGRQLAIIGDDINR
with an N-terminal FITC conjugate (5 nM, USV, India) was incu-
bated with purified BCL2 (0.25, 0.75, 2, 5 and 10 mM) in PBS con-
taining 5% glycerol, to obtain a fluorescence polarization based
binding curve for BCL2 and BAK-BH3 peptide, as described [31].
For further assays, 10 mM BCL2 was used with BAK-BH3 (5 nM)
as this represented saturated binding with polarization values of
>90 mP to assay for the effects of Disarib. This reaction was titrated
with Disarib (10, 20, 50, 100 and 500 nM) and changes in polariza-
tion were monitored using BeaconTM 2000 Fluorescence Polariza-
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tion System (Invitrogen, USA). The percentage inhibition of
BCL2-BAK BH3 binding was calculated using the formula%
inhibition = 100[1�(mPtest �mPfree)/(mPbound �mPfree)] where,
mPfree is the free peptide control and mPbound is the bound peptide
control [32]. The values obtained were plotted with the Botlzmann
Sigmoidal equation using GraphPad Prism (ver 5.0) to obtain the Ki

values for Disarib.

2.15. Biolayer interferometry (BLI)

BCL2 and BAK-BH3 peptide interactions in presence of Disarib
were studied using Octet RED96 system from ForteBio (Menlo Park,
CA, USA) [33,34]. Biotinylated BAK peptide of BH3 domain
sequence GQVGRQLAIIGDDINR with saturating concentration of
N-terminal FITC conjugate from USV (Mumbai, MH, India) was
coated on Super Streptavidin biosensors and interaction with
BCL2 (1 mM) in presence of different concentrations of Disarib
(0, 5, 10 and 100 nM) was studied.

2.16. Immunoblotting

Immunoblots were performed with 40 mg of NALM6 cell lysates
or as specified [35,36]. The cell lysates were resolved on 8–12% SDS

PAGE gels and transferred onto PVDF membrane (Millipore, Darm-
stadt, Germany). The blots were blocked with 5% skim milk in 0.1%
PBST and incubated with primary antibodies (Santa Cruz, Dallas,
TX, USA) 1:750 for BCL2, BAX, BAK (Santa Cruz, Dallas, TX, USA),
BIM, PUMA (Cell signalling technology, Danvers, MA, USA). After
incubation with appropriate secondary antibodies (1:10,000 in
0.1% PBST; Santa Cruz Biotechnology, USA), the blots were devel-
oped using enhanced chemiluminescence substrate (ImmobilonTM

western, Millipore, Darmstadt, Germany) and the images were cap-
tured by LAS 3000 (FUJI, Tokyo, Japan) gel documentation system.
Lysates prepared for experiments involving coimmunoprecipita-
tion (nondenaturing method), were analysed in a similar manner.
For recombinant protein validation and purified protein coim-
munoprecipitation experiments, 2.5 lg protein was analysed
under similar conditions.

2.17. Live cell Caspase activation using FRET probe expressing cells

To monitor Caspase activation in live cells, a FRET based Cas-
pase probe consisting of donor ECFP and acceptor EYFP fluo-
rophores with an activated Caspase specific linker amino acid
sequence, DEVD was employed as described [37]. Briefly HCT116
cells and its BAX deficient (HCT BAX KO) cells were transfected

Fig. 1. Analyses of interaction of Disarib with BCL2 in the context of proapoptotic proteins, BAK, BAX, BIM and PUMA. (A–D) Impact of Disarib on interaction of BCL2 with
BAK, BIM, PUMA or BAX in vitro. The proteins were coimmunoprecipitated with BCL2 from NALM6 cell extracts following preincubation with indicated concentrations of
Disarib. Western blots show the levels of BIM (A), PUMA (B), BAK (C) and BAX (D) coimmunoprecipitated with BCL2. BCL2 protein levels in the complex served as the loading
control in all the panels. Bar diagrams show the relative levels of BAK, BAX, BIM and PUMA in their respective complex with BCL2. The graph shows mean ± SEM based on a
minimum of three independent experiments (n.s.: not significant, *p < 0.05, **p < 0.005, ***p < 0.0001). (E) Evaluation of the effect of Disarib on interaction of BCL2 with BAK
within the cells. NALM6 cells were incubated with Disarib (0, 10 and 50 mM, for 24 h), lysate was prepared and BAK was coimmunoprecipitated with BCL2. Western blot
showing the levels of BAK coimmunoprecipitated with BCL2 upon Disarib treatment is presented. BCL2 is used as loading control. Bar diagram showing quantification of
relative levels of BAK in the BCL2-BAK complex is presented. (F) Evaluation of effect of Disarib on the interaction of purified BCL2 with purified BAK in vitro. BCL2 and BAK
were incubated with Disarib (0, 10, 20 and 50 mM), following which BAK was coimmunoprecipitated with BCL2. Western blot shows levels of BCL2 and BAK bound to agarose
beads following treatment with Disarib. Bar diagram showing the relative level of BAK in the BCL2-BAK complex in vitro. (G) Silver stained SDS-PAGE and immunoblot
showing the purity and identity of overexpressed BAK. (H) CD spectroscopic analysis of changes in secondary structure of purified BAK (8 lM) upon incubation with different
concentrations of Disarib (10, 100, 500 nM).
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with Caspase sensor probe and stable cells were generated by
maintaining the transfected cells in 900 mg/ml of G418 for four
weeks. Stable cells were seeded on to 96 glass bottom plates (BD
Bioscience, San Jose, CA, USA) and allowed to grow for 48 h before
treating with Disarib (50 mM). The caspase activation was moni-
tored by fluorescence microscope Nikon Ti E (Nikon, Minato,
Tokyo, Japan) in ratio mode with donor ECFP excitation at
438 ± 12 nm and collecting the dual emission at 483 ± 15 nm and
542 ± 27 nm employing a motorised filter wheel placed in front
of the camera, CoolSnap HQ2 (Photometrics). Increase in ratio of
ECFP/EYFP upon Caspase activation was analysed from the ratio
image generated using NIS Element software (Nikon, Japan). Wild
type mouse embryonic fibroblast (MEF) and BAX and BAK double
knockout cells expressing ECFP-DEVD-EYFP were described earlier
and used for live cell Caspase activation using a high-throughput
imager [38].

2.18. Calcein-PI live-dead assay

NALM6 cells were treated with increasing concentrations of
Disarib (0, 1, 5, 10 lM) for 48 h [39]. Cells were harvested, washed

with PBS, stained with Calcein (100 nM) and propidium iodide
(0.5 mg/ml), and incubated at room temperature (20 min). Follow-
ing staining, samples were acquired using FACSVerseTM (BD Bio-
sciences, San Jose, CA, USA). Data were plotted as a dot plot and
analysed using Flowing Software 2.5.1.

2.19. Annexin V-FITC/PI double-staining for detection of apoptosis

Annexin V-FITC/PI double-staining followed by FACS analysis
was performed as described before [16,40]. In brief, MEF WT and
MEF BAK KO cells were treated with Disarib (0, 1, 2, 5 and
10 mM) for 24 h and harvested. Cells were stained with Annexin
V-FITC (2 mg/ml) and Propidium Iodide (25 ng/ml) using the
Annexin V-FITC/PI kit (Santa Cruz, Dallas, TX, USA) [23,41]. 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 soft-
ware (version 2.5.1). 10,000 cells from each sample were used for
data acquisition.
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Fig. 2. Fluorescence and docking studies of BCL2-BAK interaction in presence of Disarib. (A) Fluorescence spectra showing binding of increasing concentration of ANS to the
hydrophobic groove of BCL2. (B) Graph depicting net increase in relative fluorescence of ANS as a function of increasing ANS concentration. (C) Fluorescence spectra of ANS-
BCL2 complex, titrated against Disarib till 5 lM concentration (top to bottom). (D) Decrease in relative fluorescence of ANS due to its dissociation in complex with BCL2 is
plotted as a function of Disarib concentration (log scale). (E) A representative model of the interaction between BH3 domain of BAK (brown cartoon) along the hydrophobic
groove of BCL2 (violet cartoon; grey surface). Crucial residues involved in interaction between BCL2 (green sticks) and BH3 domain of BAK (brown sticks) are labelled.
Electrostatic interactions are depicted by dashes. BH1 and BH3 domains of BCL2 are also marked for clarity. (F) Comparison of interactions between BAK and BCL2 in absence
and presence of Disarib. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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2.20. Hoechst staining for detection of apoptosis

Hoechst staining was performed in order to detect apoptosis in
MEF WT and MEF BAK KO cells upon treatment with Disarib, as
described before [14]. Briefly, cells were treated with 5 mM Disarib
for 48 h, harvested and stained with 1 mM Hoechst dye (Hoechst
33342). Images were captured in Zeiss Apotome Microscope (Zeiss,
Oberkochen, Germany) under 63� magnification. �100 cells were
counted and analysed for each sample and percentage of con-
densed cells is presented.

2.21. Statistical analysis

For each experiment, student’s t-test (two tailed), using Graph-
Pad prism (Version 5.1), 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.

3. Results and discussion

3.1. Disarib interferes with the binding of BCL2 and BAK

In living cells, BCL2 forms a heterodimeric complex with
proapoptotic proteins BAK, BAX, BIM or PUMA [9]. Previously, we
have described a novel small molecule inhibitor, Disarib that can
specifically bind to BCL2 [14]. We wondered whether binding of
Disarib interferes with complex formation between BCL2 and
proapoptotic proteins. To test this, coimmunoprecipitation of
BIM, PUMA, BAK and BAX were performed following BCL2 pull
down from NALM6 cell extracts after treatment with increasing
concentrations of Disarib as indicated. Results showed no signifi-
cant effect on BCL2-BIM complex (Fig. 1A) and BCL2-PUMA com-
plex (Fig. 1B) following treatment with Disarib. The BH3 only
proteins BIM and PUMA bind to inactivate the antiapoptotic func-
tions of BCL2 and are required for initial signalling during the
apoptotic cascade. Any disruption of the BCL2-BIM/PUMA interac-
tions would prevent apoptosis. Therefore, our results indicate that
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Fig. 3. Biophysical studies to determine the binding constant of Disarib binding to BCL2-BAK interface. (A) Fluorescence polarization assay for determining BCL2-BAK binding
in the presence of Disarib. 5 nM of FITC conjugated peptide sequence derived from BH3 domain of BAK (BAK–BH3 peptide) was used with 10 lM purified BCL2 in presence of
Disarib (10, 20, 50, 100 and 500 nM). Changes in fluorescence polarization were recorded in millipolarisation units (mP) and the graph was generated by plotting values from
two independent experiments using GraphPad Prism. Graph shows mean ± SEM. (B) Fluorescence polarization spectroscopy to evaluate the affinity (Ki) of Disarib to BCL2.
Purified BCL2 was incubated with fluorescently labelled BAK-BH3 peptide and the polarization of the fluorescent signal was recorded in presence of Disarib. The graph was
plotted for inhibition (%) of polarization with increasing concentrations of Disarib. Ki for Disarib was calculated using Boltzmann’s sigmoidal equation. (C) Interaction studies
between BCL2 and BAK-BH3 peptide in presence of Disarib using Biolayer interferometry. Response of BCL2 association and dissociation with BAK-BH3 peptide in presence of
Disarib (0, 5, 10 and 100 nM) is presented. (D) Sigmoidal curve depicting response as a function of Disarib concentration is plotted, based on three independent experiments.
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this level of apoptotic regulation is unhindered by Disarib. BAK and
BAX are the crucial proteins involved in Mitochondrial Membrane
Permeabilisation (MOMP), leading to cell death [6,10]. Interest-
ingly, results showed �80% dissolution of the BCL2-BAK complex
at 10 and 20 lM of Disarib (Fig. 1C). However, when similar exper-
iments were performed, Disarib showed only a limited effect on
BCL2-BAX interaction (Fig. 1D). Therefore, we wondered whether
higher Disarib concentrations could disrupt interaction between
BCL2 and BAX. In order to address this, immunoprecipitation was
performed in presence of 100 and 250 mM Disarib. Results showed
disruption of BCL2-BAX complex at these concentrations (data not
shown). Taken together, our results suggest that although Disarib
predominantly disrupts BCL2-BAK interaction, the possibility of
BCL2-BAX disruption cannot be ruled out.

Further, in order to investigate the effect of Disarib on BCL2-
BAK interaction inside cells, NALM6 cells were treated with Dis-
arib, followed by BCL2 pull down. Interestingly, Disarib treatment
(0, 10 and 50 lM) resulted in the disruption of BCL2-BAK interac-
tion within cells (Fig. 1E). Comparable results were obtained when
Disarib was incubated with preformed BCL2-BAK complex using
purified proteins (Fig. 1F). Besides, one of the inert compounds
from the initially screened panel, 5p [14] failed to disrupt the
BCL2-BAK interaction, confirming that this property was specific
and unique to Disarib, and not exhibited by the backbone used
for chemical synthesis (data not shown). In order to rule out the
possibility of Disarib binding to BAK directly, interaction studies
were carried out with Disarib and purified BAK (Fig. 1G). Interest-
ingly, results showed no binding of BAK to Disarib (Fig. 1H). Taken

Fig. 4. Evaluation of effect of Disarib on BCL2-BAK and BCL2-BAX interaction ex vivo. (A) Comparison of cytotoxicity following treatment of wild type, BAK�/� and BAX�/�
MEF cells with Disarib. Cell viability was determined using MTT assay after 48 h of Disarib treatment. The experiment was repeated at least six times and the graph shows
mean ± SEM of the results. (B) Bar diagram showing the effect of Disarib (5 or 10 mM, 48 h), on the viability of wild type, BAK�/� and BAX�/� MEF cells. In all cases,
percentage of cell viability is relative to respective cells treated with appropriate vehicle controls for the same period. Graph shows mean ± SEM (ns: not significant, *p < 0.05,
**p < 0.005, ***p < 0.0001). The experiments were performed a minimum of three times. (C) Evaluation of cytotoxicity following treatment of Disarib in wild type and BAX�/�
HCT116 cells. Cells were treated for 48 h and effect of Disarib on cell proliferation was determined by MTT assay. The experiment was repeated a minimum of three times and
the graph shows mean ± SEM of the results. (D) Live-dead cell assay for comparison of Disarib induced cytotoxicity between HCT116 WT (upper panel) and HCT116 BAX KO
cells (lower panel). Both wild type, and BAX knockout cells were treated with 0, 1, 5 and 10 mM Disarib for a period of 48 h, stained with Calcein-PI, and subjected to FACS
analysis. Lower left quadrant shows Calcein/PI negative cells, lower right quadrant Calcein positive cells (live), and both upper right (Calcein and PI double-positive) and
upper left (PI positive) represent dead cells.
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together, these results demonstrate that Disarib can displace BAK
specifically from the BCL2-BAK complex, thereby facilitating
apoptosis.

3.2. Fluorescence spectroscopic assays reveal Disarib preference for
BAK binding cleft in BCL2

In order to confirm the specificity of Disarib to hydrophobic
cleft of BCL2 protein, fluorescence spectroscopic assays were car-
ried out. ANS binds to BCL2 within the hydrophobic region that
overlaps with the BAK binding cleft [30]. Consequently, displace-
ment of ANS bound to BCL2 can be used to sense and quantify
the binding of Disarib, which competes for the same hydrophobic
cleft (Fig. 2A, B). Indeed, addition of Disarib to ANS-BCL2 complex
led to a diminution in fluorescence intensity at 470 nm indicative
of the displacement of ANS from the complex (Fig. 2C). Disarib by
itself is spectroscopically transparent in this region. Further, net
change in the relative fluorescence unit (RFU) was plotted as a
function of Disarib concentration and the binding constants were
calculated. The dissociation constant (Kd) of Disarib for BCL2 was
calculated to be 35 nM (Fig. 2D), which was consistent with the
Kd value obtained previously [14].

Further, docking studies showed that binding of Disarib with
BCL2 would destabilize the interaction between BAK and BCL2
through the loss of vital electrostatic and hydrophobic interactions
between the conserved residues of BAK [BH3 domain peptide],
(L63, I66, I70, N71, D68, D69, R73, Y74 and D75) and BCL2 [con-
served NWGR motif in BH1 domain and D103 and R107 of BH3
domain] (Fig. 2E, F) [14]. Therefore, these results suggest that Dis-
arib acts as a competitive inhibitor by offering both steric hin-
drance and competition for hydrophobic or electrostatic
interactions with BAK.

3.3. Disarib competitively inhibits the binding of BAK to BCL2

To quantitatively measure the effect of Disarib on BAK-BCL2
heterodimerization, fluorescence polarization experiments were
carried out using a previously reported BAK-BH3 peptide contain-
ing an N-terminal FITC conjugate [31]. First, a binding curve was
constructed using BAK BH3 peptide (5 nM) and increasing concen-
trations of purified BCL2 protein (0.25, 0.75, 2, 5 and 10 lM) to
ascertain the saturating concentration of BCL2 for binding (data
not shown). A concentration of 10 lM BCL2 was used for further
studies as this provided a good difference in polarization

Fig. 5. Evaluation of apoptosis in BAK�/� and wild type MEF cells upon Disarib treatment. (A) FACS profiles of Annexin V-FITC/PI double-staining performed in MEF wild type
(WT) cells (upper panel) in comparison to that in MEF BAK KO cells (lower panel) upon Disarib treatment (0, 1, 2, 5 and 10 mM for 24 h). Lower left quadrant indicates
unstained cells, lower right indicates Annexin-FITC stained cells, upper left indicates PI alone cells, whereas upper right quadrant shows cells stained with both the
fluorochromes. (B, C) Histogram depicting quantification of early apoptotic, late apoptotic and necrotic cell population in MEF WT (B) and MEF BAK KO (C) upon Disarib
treatment. (D) Quantification of total apoptotic population in MEF BAK KO cells and their wild type counterpart upon treatment with Disarib as assessed by Annexin-FITC/PI
staining. In panels B–D, each experiment was repeated a minimum of three times and error bar plotted shows mean ± SEM. (ns: not significant, *p < 0.05, **p < 0.005,
***p < 0.0001.)
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(>90 mP). Titration of Disarib (10, 20, 50, 100, 500 nM) against the
BCL2-BAK BH3 peptide complex revealed a decrease in the extent
of polarization, with a linear range of inhibition between 10 and
20 nM of Disarib (Fig. 3A). The percent inhibition values were cal-
culated and plotted. A Ki value of 12.76 nM was calculated for Dis-
arib using the Boltzmann sigmoidal equation (Fig. 3B). Thus, our
results suggest that Disarib can act as an effective competitive inhi-
bitor of BCL2-BAK binding.

In order to confirm the BCL2-BAK specificity of Disarib, Biolayer
Interferometry (BLI) was performed using BAK-BH3 peptide and
purified BCL2 protein. Biotinylated BAK-BH3 peptide was immobi-
lized to streptavidin sensor surface, following which purified BCL2
or BCL2 along with Disarib was allowed to interact. Interestingly,
results showed that upon addition of Disarib (0, 5, 10, 100 nM),
BCL2-BAK association was decreased in a concentration dependent
manner suggesting a reduced binding of BCL2 to the BAK peptide
(Fig. 3C). Analysis of response curve plotted as a function of Disarib
concentration suggested that binding of BCL2 to the BAK-BH3 pep-
tide is compromised in presence of Disarib (Fig. 3D). Thus our
results confirm ability of Disarib to interfere with BCL2-BAK
association.

3.4. Genetic knockout of BAK, but not BAX interferes with Disarib
induced cell death

Since our results showed that Disarib specifically disrupts BCL2-
BAK interaction in vitro, we sought to explore its effect in BAK and
BAX, single and double knockout cells. In silico results suggested
that besides BCL2-BAK, Disarib may interfere with interaction
between BCL2-BAX as well (data not shown). Wild type mouse
embryonic fibroblast (MEF) and knockout cells were treated with
Disarib (0, 0.5, 1, 5, 10 and 20 mM, 48 h) and cytotoxicity was
assessed using the MTT assay (Fig. 4A). Results showed a concen-
tration dependent decrease in cell proliferation upon Disarib treat-
ment in wild type cells (Fig. 4A). Although MEFs are noncancerous
cells, Disarib was found to induce cytotoxicity in these cells, owing
to high BCL2 levels [42]. Interestingly, while BAX KO cells showed a
cytotoxicity pattern similar to that of wild type, BAK KO showed
significantly reduced sensitivity (Fig. 4A). MEF BAK KO cells exhib-
ited only �30% of cell death as opposed to 60% cytotoxicity in MEF
WT and MEF BAX KO cells, at 10 mM concentration (Fig. 4B). This
suggests that BCL2-BAX interaction did not contribute towards
action of Disarib unlike BCL2-BAK complex formation, indicating

Fig. 6. Nuclear condensation upon Disarb treatment in BAK�/� and wild type MEF cells. (A) Representative images showing Hoechst stained MEF WT and MEF BAK KO cells
upon treatment with Disarib (5 mM for 48 h). Cell harboring condensed nucleus is indicated using arrow. (B) Histogram depicting quantification of apoptotic cells in MEF WT
and MEF BAK KO cells upon Disarib treatment. The experiment was repeated three times, cells were analysed and error bars plotted showing mean ± SEM. (ns: not significant,
*p < 0.05, **p < 0.005, ***p < 0.0001). (C) Table representing analysis of Hoechst stained MEF WT and MEF BAK KO cells upon treatment with Disarib. �100 cells were counted
for each sample, scored for condensed nucleus and categorized as apoptotic and normal cells. Percentage of apoptosis was then calculated for each sample and presented.
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that Disarib specifically targets BCL2-BAK interaction, and not
BCL2-BAX, inside the cells.

Further, we tested Disarib sensitivity in human cells by using
wild type and genetic knockout of BAX in a colon carcinoma cell
line, HCT116. Results of MTT assay showed a concentration-
dependent decrease in cell proliferation upon Disarib treatment,
which was similar in efficiency, both in the HCT116 wild-type
and BAX-KO cells (Fig. 4C). Consistently, live-dead cell analysis
using Calcein-PI staining also showed a similar degree of cell death
in HCT116 WT and BAX-KO cells, upon treatment with increasing
concentrations of Disarib (Fig. 4D). Taken together, our results
demonstrate that Disarib interferes with the BCL2-BAK, but not
BCL2-BAX interaction both in vitro and ex vivo.

3.5. BAK KO cells do not undergo apoptosis upon Disarib treatment

Our previous studies demonstrated activation of the intrinsic
pathway of apoptosis upon Disarib treatment in cells [14,16]. In

order to investigate whether the cytotoxicity observed was due
to apoptosis following BCL2-BAK disruption, Annexin V/PI
double-staining was performed in Disarib treated (0, 1, 2, 5 and
10 mM for 24 h) MEF WT and BAK KO cells. Interestingly, wild type
cells showed a concentration dependent induction of apoptosis
upon Disarib treatment, however, the effect was minimal in BAK
KO cells (Fig. 5A–D). Comparative analysis revealed that BAK KO
cells were resistant to Disarib-mediated apoptosis, although some
populations of cells were found to stain positive for early apoptosis
at highest Disarib concentrations (Fig. 5A–C). Interestingly, late
apoptotic population was completely absent in BAK KO cells, at
all concentrations, as opposed to wild type cells (Fig. 5B, C). Over-
all, the results corroborate our above observation of selective cyto-
toxicity in wild type and BAK KO cells, suggesting activation of
apoptosis by disruption of BCL2-BAK in wild type cells.

Further, Hoechst staining was performed to investigate the total
apoptotic population upon Disarib treatment in wild type and BAK
KO cells. Nuclear condensation, a classic hallmark of apoptosis, can

Fig. 7. Intracellular investigation of effect of Disarib on BCL2-BAK interaction using FRET. (A) Ex vivo FRET assay showing Caspase activation in wild type and BAX/BAK double
knockout MEF cells following treatment with Disarib. Caspase activation cleaves the DEVD in between ECFP-EYFP with loss of FRET from ECFP to EYFP, leading to increase in
ECFP and decrease in EYFP signal. Blue in the merged and red in the ratio represents cells with caspase activation. Cells were imaged using a high throughput bio-imager and
the images shown are 2 � 2 montage. (B) Histogram showing percentage of cells with caspase activation in MEF WT and MEF BAK/BAX DKO cells, as assayed by intracellular
FRET assay. (C) Disarib induced caspase activation in a BAX independent manner in human cell lines. HCT116 cells and its BAX KO cell line expressing Caspase probes were
seeded in 96 wells glass bottom plate and treated with Disarib for 24 and 48 h. Ratio imaging was carried out and cells with Caspase activation were observed in the ratio
image with an increase in ECFP/EYFP ratio. (D) Quantification of FRET signals and subsequent caspase activation in HCT116 WT and BAX KO cells. Histogram indicates
percentage of cells with caspase activation. In panels B and D, experiments were repeated a minimum of three times, the resulting signals were quantified and plotted
depicting mean ± SEM. (ns: not significant, *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.)
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be readily detected by the DNA staining dye, Hoechst. Results
showed that while wild type cells exhibited characteristic apop-
totic cell morphology following treatment with Disarib (5 mM for
48 h), majority of BAK KO cells showed normal morphology
(Fig. 6A–C). Thus, Disarib activated the apoptotic cascade in wild
type cells, but not in BAK KO cells. Taken together, our data suggest
that Disarib induces cytotoxicity by activating the apoptotic cas-
cade, and disrupting the BCL2-BAK interaction inside cells.

3.6. Disarib induces differential cell death via the intrinsic apoptotic
pathway

In order to confirm the mode of action of Disarib induced cyto-
toxicity, we employed live cell Caspase activation using FRET
probe expressing cells. Disarib treated MEF wild type cells
showed an increase in Caspase activation, as indicated by increase
in ECFP/EYFP ratio (Fig. 7A, B). However, MEF double knockout
cells of BAK and BAX exhibited reduced cell death upon Disarib
treatment. This further confirmed the role of BCL2-BAK interac-
tion in Disarib mediated cell death. We also performed live cell
Caspase activation using FRET probe expressing cells in human
colon carcinoma cells HCT116 (wild type and its BAX knockout).
Results showed Caspase activation in both wild type and BAX
KO cells, upon Disarib treatment, suggesting a BAX-independent
mode for Disarib induced cytotoxicity (Fig. 7C, D). These results
reiterate Disarib-induced activation of the intrinsic apoptotic
pathway via Caspase activation, resulting in cytotoxicity as
observed previously [14].

Thus our study reveals a novel mechanism of action for Disarib
mediated cell death. Disarib specifically disrupts the BCL2-BAK
interaction on the mitochondrial outer membrane, sparing
BCL2-BAX protein complex, thus initiating the apoptotic pathway.

Further, BAK homodimers could cause subsequent pore formation
in the mitochondrial membrane leading to Cytochrome C release,
apoptosome formation in the cytoplasm, cleavage of Caspase 9
and 3, and ultimately, DNA fragmentation leading to cell death
(Fig. 8) [14].

Previous reports have described BCL2 inhibitors that displace
both, BAX and BAK from the heterodimeric complex with BCL2.
Here, we report a novel inhibitor, Disarib that selectively dissoci-
ates BCL2-BAK complex, while being comparatively inert towards
the BCL2-BAX complex. In vitro studies demonstrate the ability of
Disarib to interfere with the BCL2-BAK interaction, activating
intrinsic pathway of apoptosis. A major highlight of the present
study is the effect of Disarib in BAX/BAK single and double genetic
knockout cells, confirming the ability of Disarib in disrupting BCL2-
BAK interaction, but not BCL2-BAX.

Several studies have reported interaction between BCL2 and
BAK proteins both in vitro and in vivo [29,43–45]. In one of the
studies, in vitro analyses revealed binding of BCL2 protein to full
length BAK protein, while immunoprecipitation using cell extracts
prepared from various cancer cell lines showed significant
BCL2-BAK interaction albeit with varying efficiency [29,46]. In
our studies, multiple biochemical and biophysical studies, showed
significant binding of BAK and BCL2 in vitro. More importantly, IP
studies using Nalm6 cell extracts demonstrated interaction of
BCL2 with BAK inside cells, which was disrupted upon treatment
with Disarib in a concentration dependent manner. Interestingly,
unlike cancer cells, studies performed using human kidney epithe-
lial cells (HEK 293T) suggested absence of BCL2-BAK interaction
[12,47]. These observations provide a significant advantage for
Disarib, as an excellent candidate for targeted cancer therapy, dis-
rupting BCL2-BAK interaction specifically in cancer cells, thereby
causing apoptosis, while sparing normal cells.

Fig. 8. Model illustrating the mechanism of Disarib induced apoptosis in cancer cells. Disarib binds to the BH1 binding pocket of BCL2 located in the outer mitochondrial
membrane, hence interfering with the heterodimerisation of BCL2 and BAK. Disarib treatment can also lead to downregulated BCL2 and upregulated BAX expression through
an indirect mechanism, resulting in an increase in the number of free BAK and BAX, which can homodimerize to form pores, causing MOMP and release of the pro-apoptotic
factors cytochrome C and SMAC/DIABLO [14,16]. Downstream activation of CASPASE 3, CASPASE 9 and PARP1 finally results in DNA fragmentation and cell death through the
intrinsic apoptotic pathway.
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The study opens up several new avenues in therapeutic
research, in which BAK/BAX levels along with BCL2 can be har-
nessed as biomarkers in various cancer types for selective inhibi-
tion. Interestingly, several cancer patient tumors have been
reported to be deficient in BAX, with a concomitant compensatory
increase in BAK expression [48]. Use of Disarib for treatment of
these tumors will be of significant importance and relevance.
Previously described BCL2 inhibitors like ABT199, Gossypol and
HA14-1 have been shown to disrupt both, BCL2-BAK and BCL2-
BAX interaction, thereby mediating apoptosis [3]. BAK-specific
action of Disarib gives it an advantage in case of targeted therapy.
More importantly, this study serves as a proof of principle for
designing inhibitors targeting specific apoptotic protein-protein
interactions inside the cell, thereby achieving targeted therapy.
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ABSTRACT 

 
A series of 3-substituted-1,3-dihydro-2H-indol-2-one derivatives were synthesized, characterized and 

evaluated for antioxidant activity and anti-tubercular activity. Antioxidant activity was determined in vitro 
using DPPH (2,2-diphenyl-1-picrylhydrazyl), butylated hydroxy toluene (BHT) and butylated hydroxy anisol 
(BHA). Compounds E9, E11, E12, E14 and E15 exhibited good antioxidant activity in comparison to positive 
controls ascorbic acid (AA), butylated hydroxyl toluene (BHT) and butylated hydroxyl anisol (BHA). Preliminary 
anti-tubercular activity was performed against Mtb H37Rv. Compounds E5, E6, E9, E10 and E14 displayed mild 
anti-tubercular activity in the range of 12.50-50 μM (MIC) on comparison to standards Amikacin, Cycloserine, 
Ethambutol, Isoniazide, Pyrimethamine and Rifampin.    
Keywords: 1,3-dihydro-2H-indol-2-one derivatives, antioxidant, antitubercular, DPPH 
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INTRODUCTION 
 

Reactive oxygen species (ROS) are chemically reactive molecules containing oxygen, and they are 
known as mediators of intracellular signaling cascades [1]. Excessive ROS produced in most living organisms 
are metabolized through normal physiological processes. Accumulation of excessive ROS leads to oxidative 
stress and is also responsible for damaging lipids, proteins and the cells containing DNA [2]. In an effort to 
reduce the damaging effect of ROS, antioxidants are capable of scavenging excess ROS [3]. The important 
classes of antioxidants are represented from phenolic compounds [4]. Some of the examples include 
resveratrol, epigallocatachin and curcumin possessing anticancer and antioxidant properties.   

 
One third of the world's population is thought to have been infected with M. tuberculosis [5], with 

new infections occurring at a rate of about one per second [5]. In 2007, there were an estimated 13.7 million 
chronic active cases globally [6], while in 2010, there were an estimated 8.8 million new cases and 1.5 million 
associated deaths, mostly occurring in developing countries [7]. The absolute number of tuberculosis cases has 
been decreasing since 2006, and new cases have decreased since 2002 [7]. The distribution of tuberculosis is 
not uniform across the globe; about 80% of the population in many Asian and African countries test positive in 
tuberculin tests, while only 5–10% of the United States population tests positive [8]. More people in the 
developing world contract tuberculosis because of compromised immunity, largely due to high rates of HIV 
infection and the corresponding development of AIDS [9].   

 
A large number of imidazo[2,1-b][1,3,4]thiadiazole have been reported to possess diverse 

pharmacological properties such as anticancer [10,11], antitubercular [12,13], antibacterial [14,15], antifungal 
[16,17], anticonvulsant, analgesic [18], antisecretory [19], anti-inflammatory [20-22], cardiotonic [23] diuretic 
[24], and herbicidal activities [25,26]. 

 
Considering the potential effect of imidazo[2,1-b][1,3,4]thiadiazole, we have condensed this scaffold 

with 1,3-dihydro-2H-indol-2-one with the aim of generating antioxidant and anti-tubercular analogues.  
 
Chemistry 
 
 5-amino-2-aralkyl-1,3,4-thiadiazole (A), [11] and intermediate compounds 2,6-diphenylimidazo[2,1-
b][1,3,4]thiadiazole (C21) [27], 2-(4-methoxyphenyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole (C22) [28], 6-
phenyl-2-(3,4,5-trimethoxyphenyl)imidazo [2,1-b] [1,3,4] Thiadiazole (C23) [29], 2-(4-nitro-phenyl)-6-
phenylimidazo [2,1-b] [1,3,4]thiadiazole (C24) [30], 2-(4-chlorophenyl)-6-phenylimidazo[2,1-
b][1,3,4]thiadiazole (C25) [31], 2-(4-chlorophenyl)-6-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole (C27), 
2-(4-chlorophenyl)-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole (C28), 6-phenyl-2-(3,4,5-
trimethoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D23), 2-(4-chlorophenyl)-6-(4-
methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D27), 2-(4-chlorophenyl)-6-(4-
methylphenyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D28) [27] were prepared as per literature. 
Compounds C1-20, D1-20 and E1-20 were prepared as per literature. [32]  
 
General procedure for the preparation of 2,6-disubstitutedimidazo[2,1-b][1,3,4]thiadiazole (C25 and C29) 
 

The appropriate 2-amino-5-substituted-1,3,4-thiadiazole (A) (30 mmol) was treated with the 
appropriate phenacyl bromide (B) (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 %. 
 
2-(Naphthalen-1-yl-methyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole (C25) 
 

Yield 48 %, IR (KBr cm-1) 3068 (C-H), 2929-2872(C-H), 1621 (C=C), 1460 (C=N). 1H-NMR (): 8.61 (s, 1H), 
8.14-8.11 (m, 1H), 7.99-7.93 (m, 2H), 7.81-7.79 (m, 2H), 7.66 (d, 2H, J=6), 7.60-7.52 (m, 3H), 7.37 (t, 2H, J=16), 
7.26-7.24 (m, 1H), 4.93 (s, 2H, -CH2-).  
 
 

http://en.wikipedia.org/wiki/World_population
http://en.wikipedia.org/wiki/Developing_nation
http://en.wikipedia.org/wiki/Developing_country
http://en.wikipedia.org/wiki/HIV
http://en.wikipedia.org/wiki/AIDS
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6-(4-Methylphenyl)-2-(naphthalen-1-yl-methyl)imidazo[2,1-b][1,3,4]thiadiazole (C29) 
 

Yield 52 %, IR (KBr cm-1) 3080 (C-H), 2924-2871(C-H), 1613 (C=C), 1459 (C=N). 1H-NMR (): 8.54 (s, 1H), 
8.13-8.12 (m, 1H), 7.99-7.92 (m, 2H), 7.70 (d, 2H, J=8), 7.65-7.63 (m, 1H), 7.58-7.52 (m, 3H), 7.19 (d, 2H, J=8), 
4.92 (s, 2H, -CH2-), 2.28 s, 3H, -CH3).  
 
General procedure for the preparation of [2-(4-substitutedbenzyl-6-(4’-substitutedphenylimidazo[2,1-
b][1,3,4]thiadiazole-5-carbaldehyde] (D) 
 

The Vilsmeier Haack reagent was prepared at 0-5 ํ C by dropping POCl3 (2.3 g, 15 mmol) into a stirred 
solution of DMF (10 mL). The appropriate imidazo[2,1-b][1,3,4]thiadiazole (C) (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 
80-90°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 45-55 %. 
 
2,6-Diphenylimidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D21) 
 

Yield 48 %, IR (KBr cm-1) 3051(C-H), 2924-2871(C-H), 1698 (C=O), 1619 (C=C), 1460 (C=N). 1H-NMR (): 
10.05 (s, 1H, -CHO), 8.00-7.98 (m, 2H), 7.93 (d, 2H, J = 7.6 Hz), 7.56-7.49 (m, 4H), 7.46 (d, 2H, J = 8). 
 
2-(4-Methoxyphenyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D22) 
 

Yield IR (KBr cm-1) 3100 (C-H), 2951-2801(C-H), 1701 (C=O), 1613 (C=C), 1459 (C=N). 1H-NMR (): 10.05 
(s, 1H, -CHO), 8.00-7.95 (m, 5H), 7.54 (d, 2H, J = 8 Hz), 7.19 (d, 2H, J = 8), 3.87 (s, 3H, OCH3). 
 
2-(4-Nitrophenyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D24) 
 

Yield IR (KBr cm-1) 3071 (C-H), 2906-2899(C-H), 1679 (C=O), 1621 (C=C), 1448 (C=N). 1H-NMR (): 10.08 
(s, 1H, -CHO), 8.47 (d, 2H, J = 8), 8.32 (d, 2H, J = 8 Hz), 8.02-7.99 (m, 2H), 7.58-7.53 (m, 3H). 
 
2-(Naphthalen-1-ylmethyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D25) 
 

Yield IR (KBr cm-1) 3096 (C-H), 2920-2899(C-H), 1700 (C=O), 1654 (C=C), 1455 (C=N). 1H-NMR (): 10.05 
(s, 1H, -CHO), 8.07-8.00 (m, 1H), 7.94-7.90 (m, 2H), 7.82-7.77 (m, 2H), 7.58-7.47 (m, 8H), 4.91 (s, 2H, -CH2-).  
 
2-(4-Chlorophenyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D26) 
 

Yield IR (KBr cm-1) 3079 (C-H), 2920-2877 (C-H), 1692 (C=O), 1625 (C=C), 1455 (C=N). 1H-NMR (): 
10.06 (s, 1H, -CHO), 8.04-7.99 (m, 5H), 7.66 (d, 2H, J = 8 Hz), 7.55 (d, 2H). 
 
6-(4-Methylphenyl)-2-(naphthalen-1-ylmethyl)imidazo[2,1-b][1,3,4]thiadiazole-5-carbaldehyde (D29) 
 

Yield IR (KBr cm-1) 3092 (C-H), 2936-2857(C-H), 1705 (C=O), 1631 (C=C), 1449 (C=N). 1H-NMR (): 9.94 
(s, 1H, -CHO), 8.15-8.12 (m, 1H), 8.00-7.94 (m, 2H), 7.80 (d, 2H, J=8), 7.67-7.65 (m, 1H), 7.61-7.55 (m, 3H), 7.30 
(d, 2H, J=8), 5.02 (s, 2H, -CH2-), 2.35 (s, 3H, -CH3).  
 
General procedure for the preparation of 3-((2-(4-substitutedbenzyl-6-(4-substitutedphenyl)imidazo[2,1-
b][1,3,4]thiadiazol-5-yl)methylidene)-1,3-dihydro-2H-indol-2-ones (E).  
 

The 2-indolinone (10 mmol) was dissolved in methanol (100 ml) and treated with appropriate 
carbaldehyde (D) (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 recrystallisation from ethanol. 
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3-[(2,6-Diphenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl)methylidene]-1,3-dihydro-2H-indol-2-one (E21)  
 

Yield 77 %, IR (KBr cm-1) 3208 (N-H), 3055 (C-H), 2924-2875 (C-H), 1708 (C=O), 1613 (C=C), 1459 (C=N). 
1H-NMR (): 10.66 (s, 1H), 7.89-7.75 (m, 3H), 7.63-7.52 (m, 4H), 7.46 (t, 2H, J=16), 7.38-7.35 (m, 1H), 7.18 (t, 
1H, J=16), 6.88 (d, 1H, J=8), 6.82 (d, 1H, J=8), 6.69 (t. 1H, J=16). MS (ESI) m/z: 421.10 (420.49). 
 
3-{[2-(4-Methoxyphenyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl]methylidene}-1,3-dihydro-2H-indol-2-
one (E22)  
 

Yield 70 %, IR (KBr cm-1) 3125 (N-H), 3022 (C-H), 2923-2866 (C-H), 1700 (C=O), 1597 (C=C), 1413 (C=N). 
1H-NMR (): 10.65 (s, 1H), 7.76-7.73 (m, 4H), 7.62 (s, 1H), 7.45 (t, 2H, J=16), 7.37-7.34 (m, 1H), 7.17 (t, 1H, 
J=16), 7.10 (d, 2H, J=8), 6.87 (d, 1H, J=8), 6.81 (d, 1H, J=8), 6.69 (t, 1H, J=16), 3.28 (s, 3H, -OCH3). MS (ESI) m/z: 
451.30 (450.51). 
 
3-{[2-(3,4,5-Trimethoxyphenyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl]met- hylidene}-1,3-dihydro-2H-
indol-2-one (E23)  
 

Yield 75%, IR (KBr cm-1) 3140 (N-H), 3011 (C-H), 2936-2731 (C-H) 1701 (C=O), 1603 (C=C), 1477 (C=N). 
1H-NMR (): 10.66 (s, 1H), 7.78 (d, 2H, J=8), 7.59 (s, 1H), 7.49 (t, 2H, J=16), 7.41-7.38 (m, 1H), 7.19 (t, 1H, J=16), 
7.13 (s, 1H), 6.98 (s, 2H), 6.89-6.86 (m, 2H), 6.79 (t, 1H, J=16), 3.74 (s, 6H, 2-OCH3), 3.72 (s, 3H, OCH3). MS (ESI) 
m/z: 511.20 (510.56). 
 
3-{[2-(4-Nitrophenyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl]methylidene}-1,3-dihydro-2H-indol-2-one 
(E24)  
 

Yield 71 %, IR (KBr cm-1) 3180 (N-H), 3092 (C-H), 2935 (C-H), 1670 (C=O), 1599 (C=C), 1520 (-NO2), 
1343(C=N). MS (ESI) m/z: 466.10 (465.48). 
 
3-{[2-(Naphthalen-1-ylmethyl)-6-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl]meth- ylidene}-1,3-dihydro-2H-
indol-2-one (E25)  
 

Yield 77 %, IR (KBr cm-1) 3139 (N-H), 3081-3028 (C-H), 2972-2863 (C-H), 1676 (C=O), 1602 (C=C), 1469 

(C=N). 1H-NMR (): 10.63 (s, 1H), 8.05-7.92 (m, 3H), 7.69 (d, 2H, J=8), 7.60-7.50 (m, 4H), 7.40 (t, 2H, J=16), 7.33-
7.29 (m, 1H), 7.19-7.15 (m, 1H), 6.85 (d, 1H, J=8), 6.67-6.64 (m, 2H), 4.89 (s. 2H, -CH2-). MS (ESI) m/z: 485.2 
(484.57).  
 
3-{[6-(4-Chlorophenyl)-2-phenylimidazo[2,1-b][1,3,4]thiadiazol-5-yl]methylidene}-1,3 
-dihydro-2H-indol-2-one (E26)  
 

Yield 79 %, IR (KBr cm-1) 3180 (N-H), 3070-3030 (C-H), 2916-2831 (C-H), 1695 (C=O), 1599 (C=C), 1407 

(C=N). 1H-NMR (): 10.68 (s, 1H), 7.82 (d, 2H, J=8), 7.78 (d, 2H, J=8), 7.63-7.49 (m, 6H), 7.18 (t, 1H, J=16), 6.87 
(d, 1H, J=8), 6.79 (d, 1H, J=8), 6.69 (t, 1H, J=16). MS (ESI) m/z: 455.3 (454.93). 
 
3-{[6-(4-Chlorophenyl)-2-(4-methoxyphenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl] methylidene}-1,3-dihydro-
2H-indol-2-one (E27)  
 

Yield 80 %, IR (KBr cm-1) 3100 (N-H), 3081-3058 (C-H), 2995 (C-H), 1701 (C=O), 1601 (C=C), 1525 (C=N). 
MS (ESI) m/z: 485.2 (484.96). 
 
3-{[6-(4-Chlorophenyl)-2-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl]methylidene}-1,3-dihydro-2H-
indol-2-one (E28)  
 

Yield 77 %, IR (KBr cm-1) 3100 (N-H), 3079 (C-H), 2952-2859 (C-H), 1698 (C=O), 1601 (C=C), 1480 (C=N). 
1H-NMR (): 10.65 (s, 1H), 7.72 (d, 2H, J=8), 7.58 (s, 1H), 7.47 (d, 2H, J=8), 7.23-7.15 (m, 5H), 6.85 (d, 1H, J=8), 
6.67 (t, 1H, J=16), 6.61 (d, 1H, J=8), 2.28 (s, 3H, -CH3).  
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3-{[2-(Naphthalen-1-ylmethyl)-6-(4-methylphenyl)imidazo[2,1-b][1,3,4]thiadiazol-5-yl]methylidene}-1,3-
dihydro-2H-indol-2-one (E29)  
 

Yield 69 %, IR (KBr cm-1) 3140 (N-H), 30-3028 (C-H), 2970-2861 (C-H), 1676 (C=O), 1602 (C=C), 1469 

(C=N). 1H-NMR (): 10.62 (s, 1H), 8.04-7.92 (m, 3H), 7.59-7.49 (m, 6H), 7.22-7.15 (m, 3H), 6.85 (d, 1H, J=8), 6.67 
(d, 2H, J=4), 4.88 (s. 2H, -CH2-), 2.29 (3H, s, -CH3). MS (ESI) m/z: 485.2 (484.57).  
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Reagente and conditions: a) alcohol, 12 hrs reflux, Na2CO3; b) POCl3 + DMF, 80-90 0C, 3-4 hrs

                                            c) 2-oxindole, CH3OH, piperidine.  
 

Table: 1 
 

No R R1 No R R1 No R R1 

E1 Benzyl 4-Br-ph E12 4-Cl-benzyl 4-NO2-ph E23 3,4,5-tri- 
methoxy-ph 

ph 

E2 Benzyl 4-Cl-ph E13 4-Cl-benzyl 4-Br-ph E24 4-NO2-ph ph 

E3 Benzyl 4-OCH3-ph E14 4-Cl-benzyl 4-F-ph E25 Naphthalene-1-
yl-CH2- 

ph 

E4 Benzyl 4-CH3-ph E15 4-Cl-benzyl 2H-chromen-2-
one 

E26 4-Cl-ph ph 

E5 4-Cl-benzyl ph E16 CH3 4-Cl-ph E27 4-Cl-ph 4-OCH3-ph 

E6 4-Cl-benzyl 4-Cl-ph E17 CH3 4-Br-ph E28 4-Cl-ph 4-CH3-ph 

E7 4-Cl-benzyl 4-CH3-ph E18 CH3 4-NO2-ph E29 Naphthalene-1-
yl-CH2- 

4-CH3-ph 

E8 4-Cl-benzyl 4-OCH3-ph E19 CH3 4-CH3-ph    

E9 Benzyl 4-F-ph E20 CH3 4-OCH3-ph    

E10 Benzyl ph E21 Ph ph    

E11 Benzyl 4-NO2-ph E22 4-OCH3-ph ph    

 
BIOEVALUATIONS 

 
ANTIOXIDANT ACTIVITY 
 
DPPH radical scavenging assay [33] 
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1ml (0.1mM) of DPPH (2,2-diphenyl-1-picrylhydrazyl) solution ethanol was added to 3mL of test and 
reference compound (50μg/mL). The reaction mixture was shaken vigorously and kept in dark at room 
temperature for 1hr. Absorbance was measured at 517nm using UV-visible spectrophotometer (Shimadzu-Uv-
1800). The % scavenging activity was calculated using the following formula: 

 
% SA = (A0-A1) / A0 X 100,  

 
Where, % SA = Percentage scavenging activity. 

A0 = Absorbance of control, A = Absorbance of sample. 
 

Table 2: DPPH scavenging activity of test and reference compounds. 
 

Compound 
(50μg/mL) 

% Scavenging Activity Compound 
(50μg/mL) 

% Scavenging Activity 

E1 35.91±0.236 E19 35.08±2.103 

E2 34.53±0.622 E20 35.72±1.504 

E3 20.68±0.433 E21 25.11±0.651 

E4 36.10±1.018 E22 32.12±0.753 

E5 30.04±0.222 E23 36.75±0.912 

E6 29.54±0.482 E24 26.37±1.115 

E7 36.14±1.103 E25 29.12±0.912 

E8 28.09±0.666 E26 22.35±0.835 

E9 48.40±0.458 E27 33.14±1.125 

E10 22.50±0.761 E28 29.15±0.750 

E11 45.12±0.215 E29 28.15±0.759 

E12 44.06±0.256 AA 38.67± 0.437 

E13 33.47±0.501 BHT 44.16±0.733 

E14 44.16±0.118 BHA 51.07±0.216 

E15 55.50±0.871   

E16 33.60±0.590   

E17 21.22±1.116   

E18 30.62±0.806   

 
All values are expressed in Mean ± SEM of triplicate reading, n=3 
AA= Ascorbic acid, BHT= Butylated hydroxy toluene, BHA= Butylated hydroxy anisol 
 
Anti-tubercular activity 

 
Bacteria. MIC screening was conducted for Mtb H37Rv (SRI 1345), isoniazid (INH)-resistant Mtb (SRI 1369), 
rifampin (RMP)-resistant Mtb (SRI 1367), and ofloxacin (OFX)-resistant Mtb (SRI 4000). MBC, LORA and 
intracellular drug screening assays were conducted using only Mtb H37Rv (SRI 1345). Subsequent to initial 
dose response testing, the test compound was subjected to secondary assays for evaluation of anti-
mycobacterial activity in a low throughput format. These assays included MIC, MBC, LORA, intracellular 
(macrophage) drug screening, and MTT cell proliferation.  

 
Minimal Inhibitory Concentration (MIC) 

 
The broth microdilution assay format following guidelines established by the Clinical and Laboratory 

Standards Institute (CLSI) was routinely utilized for MIC testing. Briefly, testing was conducted using 96-well, U-
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bottom microplates with an assay volume of 0.2 mL / well. First, the test media, Middlebrook 7H9 broth 
supplemented with OADC Enrichment (BD BioSciences; Sparks, MD), was added (0.1 mL/well) to each well. The 
test compounds, solubilized in appropriate solvent and subsequently diluted in test media, were subsequently 
added (0.1 mL/well) to appropriate wells at twice the intended starting concentration and serially diluted two-
fold across the plate. The plates were then inoculated (0.1 mL/well) with a targeted concentration of 1.0 x 106 
CFU/mL M. tuberculosis and incubated at 37ºC for 7 days in approximately 90% humidity. Following 
incubation, the plates were read visually and individual wells scored for turbidity, partial clearing or complete 
clearing. Testing was conducted in duplicate and the following controls were included in each test plate: i) 
medium only (sterility control); ii) organism in medium (negative control); and iii) rifampin or isoniazid 
(positive control). The MIC is reported as the lowest concentration (μg/mL) of drug that visually inhibits growth 
of the organism. 

 
Minimal Bactericidal Concentration (MBC) 

 
The MBC was determined subsequent to MIC testing by sub-culturing diluted aliquots from wells that 

fail to exhibit macroscopic growth. The sample aliquots were inoculated onto Middlebrook 7H10 agar plates 

and subsequently incubated for 16-21 days at 37 ͦC. Once growth was readily apparent, the bacterial colonies 
were enumerated. The MBC is defined as the lowest concentration (μg/mL) of compound exhibiting 99.9% kill 
over the same time period used to determine the MIC (18-24 h). MBC values greater than 16 times the MIC 
typically indicate antimicrobial tolerance.  
 
Low-Oxygen Recovery Assay (LORA) 

 
Traditional screening of drugs against M. tuberculosis only addresses or targets the organism in an 

active replicating state. It is well documented that Mtb can reside in a state of non-replicating persistence 
(NRP) which has not been adequately assessed in the development of new antimicrobials. Briefly, microplates 
were prepared in the same manner as the MIC testing format. Instead of incubating aerobically, the plates are 
placed under anaerobic conditions using a MACS MIC automated jar gassing system and incubated for 7 days 
at 37°C. The plates were subsequently transferred to an ambient gaseous condition (5% CO2) for 7 days after 
which the plates are read visually and individual wells scored for turbidity, partial clearing or complete 
clearing. Testing was conducted in duplicate and the following controls were included in each test plate: i) 
medium only (sterility control); ii) organism in medium (negative control); and iii) rifampin or isoniazid 
(positive control). Results are reported as the lowest concentration (μg/mL) of drug that visually inhibits 
growth of the organism. 

 
Intracellular Drug Activity 

 
Briefly, the murine J774 cell line was propagated in RPMI 1640 supplemented with L-glutamine and 

fetal bovine serum (FBS). Cells were maintained in tissue culture flasks at 37 ͦC in the presence of 5% CO2. For 
infection studies, J774 cells were transferred to 12-well tissue culture chambers in 1 mL volumes at a density 
of 2.0 x 105 in the presence of 10% FBS. After overnight incubation, the medium was replaced with fresh 
medium containing 1% FBS to stop macrophage division while maintaining cell viability. Twenty-four hours 
later, the macrophage monolayer was enumerated with an ocular micrometer for total number of cells per 
well to determine the infection ratio. The medium was removed and replaced with 1 mL of fresh medium with 
1% FBS containing Mtb at a multiplicity of infection (MOI) of 5 Mycobacteria/macrophage. The cells are 
infected for 4 h after which time nonphagocytosed Mycobacteria were washed from the monolayers and fresh 
medium added. Drugs were then added, using 3 concentrations, and infection allowed to proceed for 7 days. 
At 0 and 7 days, the macrophages were lysed with sodium dodecyl sulfate, treated with DNAase, diluted and 
plated onto 7H10 agar to determine the cell number or colony forming units (CFU). Each drug concentration 
wastested in duplicate and rifampin was used as the positive control drug. A drug cytotoxicity control plate 
assay (MTT proliferation) was also conducted in parallel using uninfected macrophages to confirm that 
concentrations utilized for testing were not toxic to the macrophages.  
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Table 3: Antitubercular activity of test and reference compounds 
 

Compound 
code 

MIC 
(μM) 

E1 NA 

E3 NA 

E4 NA 

E5 12.50 

E6 25.00 

E8 NA 

E9 50.00 

E10 25.00 

E11 NA 

E12 NA 

E13 NA 

E14 25.00 

E15 NA 

Amikacin 0.16 

Cycloserine 50 

Ethambutol 6.25 

INH 0.31 

Pyrimethamine 50 

Rifampin 0.04 

 
Table 4: MIC and MBC results 

 

Compound MIC % 
inhibitiona 

MBC 
H37Rv 

(µg/mL) 

MIC 
INH-Rb 

(µg/mL) 

% 
inhibition 

MIC 
RMP-Rc 
(µg/mL) 

% 
inhibition 

MIC 
RMP-Rd 
(µg/mL) 

% inhibition 

E5 1.56 46 NA >50 -- >50 -- >50 -- 

E6 1.56-
3.125 

44-51 NA >50 -- >50 -- >50 -- 

E14 3.125 54 NA >50 -- >50 -- >50 -- 

Rifampin 
(positive 
control) 

0.098 74 1.56 0.05 75 NA NA NA NA 

Isoniazid 
(positive 
control) 

NA NA NA NA NA 0.02 70 0.05 86 

aPercent inhibition at the MIC concentration bINH-R= Isoniazid Resistance cRMP-R= Rifampin Resistance  
dOFX-R= Ofloxacin Resistance eNA= Not Applicable:Conony Counts above the established rejection value of ≥40 
fNA=Not Applicable: Compound not used in assay 
 

Table 5: MBC results 
 

Compound MBC (µg/mL) Colony Count (CFU) 

E5 --a TNTCb 

E6 -- TNTC 

E14 -- TNTC 

Rifampinc 1.56 15 

 
a—MBC above the established rejection value of ≥ 40 colonies bTNTC = Too Numerous To Count 
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Table 6: LORA, Macrophage and MTT Results 
 

Compound LORA 
µg/mL 

Macrophage 
log reduction 

(low conc.) 

Macrophage 
log reduction 
(mid conc.) 

Macrophage 
log reduction 
(high conc.) 

MTT 
% viability 
(low conc.) 

MTT 
% viability 
(mid conc.) 

MTT 
% viability 

(high conc.) 

E5 >50 0.69 0.53 0.29 84 79 52 

E6 >50 0.71 0.38 0.38 59 24 7 

E14 >50 0.53 0.38 0.64 78 47 13 

Rifampin 
(Positive 
Control) 

0.78 0.46 1.72 2.32 90 89 85 

 
RESULTS AND DISCUSSION 

 
Chemistry 

 
Thirty two compounds (E1-E29) were prepared as per the methodologies outlined in Scheme and 

Table 1. by reacting formyl compound (D) with indolin-2-one in methanol with catalytic amount of piperidine. 
The required α-bromoketones were prepared according to the literature by using bromine in acetic acid. 
Compounds 2-alkyl or 2-aralkyl-6-arylimidazo[2,1-b][1,3,4] thiadiazoles (C) were prepared by reacting 2-amino-
1,3,4-thiadiazole (A) with phenacyl bromides (B) in anhydrous alcohol. Formyl compounds (D) were prepared 
by reacting 2-alkyl or 2-aralkyl-6-arylimidazo[2,1-b][1,3,4] thiadiazoles (C) with POCl3 and DMF by Vilsmeier-
Haak reaction.   

 
Compounds namely E21-E29 exhibited absorption bands for N-H stretching from 3208 to 3125 cm-1 

and 1708-1678 cm-1 for C=O functional group. All the compounds showed vibration bands between 3100-3011 
for C-H aromatic stretching and for aliphatic C-H stretching from 2978-2731. Compounds D21 to D32 showed 
vibration bands at 1705-1679 cm-1 for CHO in their respective IR spectra.  

 
In 1H NMR spectrum of compounds C25 and C32, the presence of singlet between δ 8.61 and 8.54 

ppm for the imidazole proton (C5-H) confirmed the cyclization of 2-amino-1,3,4-thiadiazole A with respective 
phenacyl bromide (B). All the 5-formyl substituted derivatives (D21-29) showed the presence of singlet peak 
between δ 10.08-9.94 ppm in their respective spectra. All the compounds showed prominent signals for 
aromatic protons around 8.61-6.59 ppm. Bridge headed methylene proton at C2 appeared between δ 5.02 to 
4.45 ppm for all derivatives. The compounds D22, E22 and E23 showed OCH3 proton between δ 3.87 - 3.28 
ppm. Compounds C29, D29, and E28 showed a methyl proton between δ 2.35-2.28 ppm as singlet. The 
structures of all the compounds were finally ascertained by mass spectra. 

 
ANTIOXIDANT ACTIVITIES 

 
All of the synthesized derivatives were evaluated for their free radical scavenging ability and 

compared with positive controls—ascorbic acid (AA) and butylated hydroxy toluene (BHT), butylated hydroxyl 
anisol (BHA) and the results are shown in Table 2. Compound E15 showed the highest radical scavenging 
activities on comparing to all standards. Whereas derivatives E9, E11, E12 and E14 demonstrated greater 
radical scavenging activity than the ascorbic acid.  
 
ANTI-TUBERCULAR ACTIVITY 

 
MIC. The MIC for each compound was determined by testing ten, two-fold dilutions. The MIC is reported as 
the lowest concentration (μg/mL) of drug that visually inhibited growth of the organism. In addition, the 
percentage of inhibition at the MIC is provided. Compounds E5, E6, E9, E10 and E14 displayed mild anti-
tubercular activity in the range of 12.50-50 μM (MIC) on comparison to standards Amikacin, Cycloserine, 
Ethambutol, Isoniazide, Pyrimethamine and Rifampin (Table 3). 
   
MBC. The established rejection value of >40 colonies for the MBC assay was based on the calculated 
concentration of Mtb in the MIC plates. Results, reported as μg/mL concentration, are determined based on 

http://www.organic-chemistry.org/namedreactions/vilsmeier-reaction.shtm
http://www.organic-chemistry.org/namedreactions/vilsmeier-reaction.shtm
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Colony Forming Units (CFUs) enumerated from agar plates. Only agar plates with countable colonies have 
reportable counts. If a compound lacks bactericidal activity, many times the CFUs are too numerous to count 
(TNTC) and are thus reported as such. Results are provided in Tables 4 & 5 and none of the compounds 
exhibited minimal bactericidal concentration on comparison to standard Rifampin.  
 
LORA. Results for the LORA assay are reported as the lowest concentration (μg/mL) of drug that visually 
inhibited growth of the organism. The data is presented in Table 6. Compounds failed to display any LORA 
activity on comparison to positive control Rifampin. 
  
Intracellular Drug Activity. Intracellular drug activity is reported as log reduction values calculated as 
reduction in Mtb concentration from zero hour to 7 days post-infection. The three concentrations chosen were 
based on the MIC data generated in the HTS primary screen. The mid concentration bracketed the reported 
MIC with the lower concentration ten-fold below the mid and the higher concentration ten-fold above the 
mid. The data is presented in Table 6. Drug cytotoxicity is reported as cell proliferation, or percentage of 
viability. This data is also presented in Table 6. 
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Isatins (1H-indole-2,3-dione) are synthetically
versatile substrates, which can be used for the syn-
thesis of a large variety of heterocyclic compounds,
such as indoles and quinolines, and as a starting
material for drug synthesis. Isatins have also been
found in mammalian tissue and their function as a
modulator of biochemical processes has been
described in the literature. 

Hesperidin (I) (1, 2) and indirubin (II) (3) are nat-
ural alkaloids containing the 2-oxindole unit, and they
exhibit antiangiogenic and anticancer activity, respec-
tively (1, 2). Analogues of indirubin were found to act
as inhibitors of cyclic-dependent kinases (CDKs) (3).
Many 2-oxindole analogues have been evaluated for
kinase inhibitory activities, like sunitinib (SU11248)
(III) (4, 5), SU4984 (IV) (6-11) and GW491619 (V)
(12). BIBF1000 and BIBF1120 (nintedanib) are 6-
methoxycarbonyl group-5-substituted-2-oxindoles and
are potent inhibitors of VEGFR-1/2/3, PDGFR and

FGFR-1 with low cross-reactivity against other kinas-
es (13). Notably, nintedanib is currently used for the
treatment of idiopathic pulmonary fibrosis (IPF) and
along with other medications for some types of non-
small-cell lung cancer.

Recently, Wang et al., in 2015, synthesized 5-
(5-halogenated-2-oxo-1H-pyrrolo[2,3-b]pyridin-
(3Z)-ylidenemethyl)-2,4-dimethyl-1H-pyrrole-3-
carboxamides (VI) as antitumor agents (14). Thus, a
series 5-substituted-2-oxindole derivatives were
designed, synthesized and evaluated for their cyto-
toxic and cancer chemoprevention activity.

EXPERIMENTAL

Chemistry

The melting points were taken in open capil-
lary method and are uncorrected. Silica gel G plates
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were used for TLC by using chloroform and
methanol (95 : 5, v/v), spots were visualized in
iodine chamber. The IR spectra were recorded in
KBr discs on a Jasco 430+ (Jasco Japan) apparatus;
the 1H NMR spectra were recorded in
CDCl3/DMSO on a Bruker (400 MHz) (Bruker,
Germany), and J values were reported in hertz (Hz).
Mass spectra were recorded in triple quadrapole
LCMS-6410 from Agilent Technologies. CHN
analysis was recorded in Flash 2000 CHNS/O ana-
lyzer from Thermo Scientific (USA). Required
formyl intermediates like 2-(4-formylphenoxy)-N-
(4-nitrophenyl) acetamide, N-(4-chlorophenyl)-2-
(4-formylphenoxy)acetamide, 2-(4-formylphe-
noxy)-N-(4-methylphenyl)acetamide, N-(4-chloro-
3-fluoro -phenyl)-2-(4-formylphenoxy)acetamide,
N-cyclohexyl-2-(4-formylphenoxy)acetamide (15)
and 2-(4-formylphenoxy)-N-phenylacetamide (16)
were prepared according to the literature. Solutions
of the examined compounds were prepared in
DMSO.

General procedure for the preparation of 2-{4-[(2-

oxo-1,2-dihydro-3H-indol-3-ylidene)methyl]phe-

noxy}-N-arylacetamide (VS-01 to VS-18) 

Equimolar quantity of 5-substituted-1H-
indolin-2-ones and 2-(4-formylphenoxy)-N-substi-
tuted-phenyl-acetamide was taken into round bot-
tom flask containing 50 mL of methanol, followed
by 2-3 drops of piperidine. The reaction mixture was
refluxed for 1-4 h or till the end of reaction as con-
firmed by TLC. Then, it was cooled to room tem-
perature and, the solution was filtered. The obtained
residue was recrystallized by using dimethylfor-
mamide and ethanol. 

2-{4-[(2-Oxo-1,2-dihydro-3H-indol-3-ylidene)

methyl]phenoxy}-N-phenylacetamide VS-01 

Yield 65%, IR (KBr, cm-1): 3349 (N-H), 3067
(C-H), 2841 (C-H), 1689 (C=O), 1667 (C=C), 1367
(C=N), 1057 (C-O). 1H-NMR (δ, ppm): 10.56 (s,
1H, NH), 10.11 (s, 1H, NH), 8.48 (d, 2H, J = 8 Hz),
7.74 (s, 1H), 7.67-7.62 (m, 3H), 7.32 (t, 2H, J = 16),
7.17 (t, 1H, J = 16 Hz), 7.10 (d, 3H, J = 8 Hz), 6.97
(t, 1H, J = 16 Hz), 6.81 (s, 1H), 4.80 (s, 2H,
-OCH2-). MS (ESI) m/z: 369.00 (370.13). Analysis:
calcd. for C23H18N2O3: C 74.58; H 4.90; N 7.56%;
found: C 74.51; H 4.85; N 7.61%.

N-(4-nitrophenyl)-2-{4-[(2-oxo-1,2-dihydro-3H-

indol-3-ylidene)methyl]phenoxy}

acetamide VS-02

Yield 62%, IR (KBr, cm-1): 3385 (N-H), 3069
(C-H), 2933 (C-H), 1693 (C=O), 1604 (C=C), 1505

(NO2), 1341 (C=N), 1059 (C-O). 1H-NMR (δ, ppm):
10.74 (s, 1H, NH), 10.56 (s, 1H, NH), 8.47 (d, 2H, J
= 8 Hz), 8.25 (d, 2H, J = 8 Hz), 7.92 (d, 2H, J = 8
Hz), 7.74 (s, 1H), 7.67 (d, 1H, J = 8 Hz ), 7.17 (t,
1H, J = 16 Hz ), 7.10 (d, 2H, J = 8 Hz), 6.97 (t, 1H,
J = 16 Hz), 6.81 (d, 1H, J = 8 Hz ), 4.89 (s, 2H, -
OCH2-). MS (ESI) m/z: 414.10 (415.12). Analysis:
calcd. for C23H17N3O5: C 66.50; H 4.12; N 10.12%;
found: C 66.45; H 4.15; N 10.15%. 

N-(4-methylphenyl)-2-{4-[(2-oxo-1,2-dihydro-

3H-indol-3-ylidene)methyl]phenoxy}

acetamide VS-03 

Yield 64%, IR (KBr, cm-1): 3346 (N-H), 3108
(ArC-H), 2916 (AlkC-H), 1665 (C=O), 1610 (C=C),
1306 (C=N), 1076 (C-O). 1H-NMR (δ, ppm): 10.55
(s, 1H, NH), 10.02 (s, 1H, NH), 8.47 (d, 1H, J = 8
Hz), 7.74-7.71 (m, 1H), 7.67-7.62 (m, 1H), 7.52 (d,
2H, J = 8 Hz), 7.23-7.17 (m, 1H), 7.13 (t, 2H, J = 16
Hz), 7.09 (d, 1H, J = 8 Hz), 6.97 (t, 1H, J = 16 Hz),
6.87-6.84 (m, 1H), 6.81 (d, 1H, J = 8 Hz), 4.77 (s,
2H, -OCH2-), 2.25 (s, 3H, CH3). MS (ESI) m/z:
385.00 (384.43). Analysis: calcd. for C24H20N2O3: C
74.98; H 5.24; N 7.29%; found: C 74.85; H 5.15; N
7.35%.

N-(4-chlorophenyl)-2-{4-[(2-oxo-1,2-dihydro-3H-

indol-3-ylidene)methyl]phenoxy}

acetamide VS-04 

Yield 67%, IR (KBr, cm-1): 3350 (N-H), 3071
(ArC-H), 2946 (AlkC-H), 1659 (C=O), 1615 (C=C),
1304 (C=N), 1015 (C-O). 1H-NMR (δ, ppm): 10.56
(s, 1H, NH), 10.23 (s, 1H, NH), 8.47 (d, 2H, J = 8
Hz), 7.74 (s, 1H), 7.68-7.65 (m, 3H), 7.38 (d, 2H, J
= 8 Hz), 7.17 (t, 1H, J = 16 Hz), 7.09 (d, 2H, J = 8
Hz), 6.98 (t, 1H, J = 16 Hz), 6.81 (d, 1H, J = 8 Hz),
4.80 (s, 2H, -OCH2-). MS (ESI) m/z: 405.00
(404.84). Analysis: calcd. for C23H17ClN2O3: C
68.23; H 4.23; N 6.92%; found: C 68.11; H 4.15; N
6.95%.

2-{4-[(5-Methyl-2-oxo-1,2-dihydro-3H-indol-3-

ylidene)methyl]phenoxy}-N-phenyl

-acetamide VS-05 

Yield 62%, IR (KBr, cm-1): 3352 (N-H), 3034
(C-H), 2911 (C-H), 1681 (C=O), 1597 (C=C), 1257
(C=N), 1062 (C-O). 1H-NMR (δ, ppm): 10.44 (s,
1H, NH), 10.11 (s, 1H, NH), 8.47 (d, 2H, J = 8 Hz),
7.70 (s, 1H), 7.64 (d, 2H, J = 8 Hz), 7.49 (s, 1H),
7.32 (t, 2H, J = 16 Hz), 7.16 (d, 1H, J = 8 Hz), 7.09-
7.07 (m, 2H), 6.99 (d, 1H, J = 8 Hz), 6.70 (d, 1H, J
= 8 Hz), 4.79, (s, 2H, -OCH2-), 2.08 (s, 3H, CH3).
Analysis: calcd. for C24H20N2O3: C 74.98; H 5.24; N
7.29%; found: C 74.88; H 5.21; N 7.32%.
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N-(4-nitrophenyl)-2-{4-[(5-methyl-2-oxo-1,2-

dihydro-3H-indol-3-ylidene)methyl]

phenoxy}acetamide VS-06 

Yield 66%, IR (KBr, cm-1): 3385 (N-H), 3076
(C-H), 2863 (C-H), 1695 (C=O), 1645 (C=C), 1600
(NO2), 1336 (C=N), 1064 (C-O). 1H-NMR (δ, ppm):
10.74 (s, 1H, NH), 10.45 (s, 1H, NH), 8.47 (d, 1H, J
= 8 Hz), 8.25 (d, 2H, J = 8 Hz), 7.93-7.88 (m, 2H),
7.73-7.70 (m, 2H), 7.54-7.44 (m, 1H), 7.17 (d, 1H, J
= 8 Hz), 7.10 (d, 1H, J = 8 Hz), 7.04-6.97 (m, 1H),
6.76-6.67 (dd, 1H, J = 8.8 Hz), 4.89 (s, 2H, -OCH2-
), 2.16 (s, 3H, CH3). MS (ESI) m/z: 430.00 (429.42).
Analysis: calcd. for C24H19N3O5: C 67.13; H 4.46; N
9.79%; found: C 67.05; H 4.39; N 9.85%.

N-(4-methylphenyl)-2-{4-[(5-methyl-2-oxo-1,2-

dihydro-3H-indol-3-ylidene)methyl]-

phenoxy}acetamide VS-07 

Yield 68%, IR (KBr, cm-1): 3355 (N-H), 3069
(C-H), 2912 (C-H), 1692 (C=O), 1608 (C=C), 1315
(C=N), 1024 (C-O). 1H-NMR (δ, ppm): 10.42 (s,
1H, NH), 10.02 (s, 1H, NH), 7.72 (d, 2H, J = 8 Hz),
7.54-7.51 (m, 3H), 7.45 (s, 1H), 7.13 (t, 4H, J = 16
Hz), 7.04 (d, 1H, J = 8 Hz), 6.76 (d, 1H, J = 8 Hz),
4.78 (s, 2H, -OCH2-), 2.25 (s, 3H, -CH3), 2.17 (s,
3H, -CH3). MS (ESI) m/z: 399.00 (398.45).
Analysis: calcd. for C25H22N2O3: C 75.36; H 5.57; N
7.03%; found: C 75.21; H 5.41; N 7.11%.

N-(4-chlorophenyl)-2-{4-[(5-methyl-2-oxo-1,2-

dihydro-3H-indol-3-ylidene)methyl]

phenoxy}acetamide VS-08 

Yield 69%, IR (KBr, cm-1): 3354 (N-H), 3093
(C-H), 3063 (C-H), 1693 (C=O), 1607 (C=C), 1316
(C=N), 1019 (C-O). 1H-NMR (δ, ppm): 10.42 (s,

1H, NH), 10.26 (s, 1H, NH), 7.72-7.67 (dd, 4H, J =
8,8 Hz), 7.54 (s, 1H), 7.44 (s, 1H), 7.39 (d, 2H, J =
8 Hz), 7.16 (d, 2H, J = 8 Hz), 7.03 (d, 1H, J = 8 Hz),
6.76 (d, 1H, J = 8 Hz), 4.81 (s, 2H, -OCH2-), 2.16 (s,
3H, CH3). MS (ESI) m/z: 419.00 (418.87). Analysis:
calcd. for C24H19ClN2O3: C 68.82; H 4.57; N 6.69%;
found: C 68.75; H 4.52; N 6.75%.

2-{4-[(5-Chloro-2-oxo-1,2-dihydro-3H-indol-3-

ylidene)methyl]phenoxy}-N-phenyl

acetamide VS-09 

Yield 70%, IR (KBr, cm-1): 3059 (C-H), 2852
(C-H), 1695 (C=O), 1596 (C=C), 1313 (C=N), 1059
(C-O). 1H-NMR (δ, ppm): 10.69 (s, 1H, NH), 10.12
(s, 1H, NH), 8.50 (d, 2H, J = 8 Hz), 7.88 (s, 1H),
7.80 (s, 1H), 7.72 (d, 1H, J = 8 Hz), 7.66-7.62 (m,
2H), 7.30 (t, 2H, J = 16 Hz), 7.21-7.16 (m, 1H),
7.11-7.06 (m, 2H), 6.82 (d, 1H, J = 8 Hz), 4.81 (s,
2H, -OCH2-). MS (ESI) m/z: 404.90 (404.85).
Analysis: calcd. for C23H17ClN2O3: C 68.23; H 4.23;
N 6.92%; found: C 68.18; H 4.19; N 6.99%.

2-{4-[(5-Chloro-2-oxo-1,2-dihydro-3H-indol-3-

ylidene)methyl]phenoxy}-N-(4-chloro

phenyl)acetamide VS-12 

Yield 71%, IR (KBr, cm-1): 3378 (N-H), 3121 (C-
H), 2854 (C-H), 1688 (C=O), 1660 (C=C), 1303
(C=N), 1011 (C-O). 1H-NMR (δ, ppm): 10.69 (s, 1H,
NH), 10.26 (s, 1H, NH), 8.49 (d, 2H, J = 8 Hz), 7.88
(s, 1H), 7.80 (s, 1H), 7.68 (d, 2H, J = 8 Hz), 7.39 (d,
2H, J = 8 Hz), 7.21-7.19 (m, 1H), 7.11 (d, 2H, J = 8
Hz), 6.82 (d, 1H, J = 8 Hz), 4.81(s 2H, -OCH2-). MS
(ESI) m/z: 386.1 (384.3). MS (ESI) m/z: 437.10
(439.05). Analysis: calcd. for C23H16Cl2N2O3: C 62.88;
H 3.67; N 6.38%; found: C 68.71; H 3.65; N 6.42%.

Scheme 1. Synthesis of compounds VS-01-VS-18
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Table 1. Physicochemical properties of synthetized compounds.

CODE R R1 Mol. formula Mol. Wt. M.P. OC Rf* value  

VS-01 H  C23H18N2O3 370.13 252-254 0.80  

VS-02 H  C23H17N3O5 415.12 296-298 0.78  

VS-03 H  C24H20N2O3 384.43 270-273 0.74  

VS-04 H  C23H17ClN2O3 404.85 274-276 0.76  

VS-05 CH3 C24H20N2O3 384.43 248-250 0.78  

VS-06 CH3 C24H19N3O5 429.42 230-232 0.76  

VS-07 CH3 C25H22N2O3 398.45 240-242 0.74  

VS-08 CH3 C24H19ClN2O3 418.87 252-254 0.68  

VS-09 Cl  C23H17ClN2O3 404.85 268-270 0.74  

VS-12 Cl  C23H16Cl2N2O3 439.05 252-254 0.72  

VS-13 H  C23H16ClFN2O3 422.84 220-223 0.70  
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N-(4-chloro-3-fluorophenyl)-2-{4-[(2-oxo-1,2-

dihydro-3H-indol-3-ylidene)methyl]

phenoxy}acetamide VS-13 

Yield 69%, IR (KBr, cm-1): 3437 (N-H), 3074
(C-H), 2908 (C-H), 1691 (C=O), 1613 (C=C), 1321
(C=N), 1067 (C-O). 1H-NMR (δ, ppm): 10.58 (s,
1H, NH), 10.35 (s, 1H, NH), 8.49 (d, 2H, J = 8 Hz),
7.97-7.94 (m, 1H), 7.76-7.72 (m, 1H), 7.68 (d, 1H, J
= 8 Hz), 7.60-7.56 (m, 1H), 7.42 (t, 1H, J = 16 Hz),
7.24-7.21 (m, 1H), 7.19 (d, 2H, J = 8 Hz), 6.98 (t,
1H, J = 8 Hz), 6.82 (d, 1H, J = 8 Hz), 4.82 (s, 2H, -
OCH2-). MS (ESI) m/z: 423.00 (422.84). Analysis:
calcd. for C23H16ClFN2O3: C 65.33; H 3.81; N
6.63%; found: C 65.26; H 3.74; N 6.65%.

N-(4-chloro-3-fluorophenyl)-2-{4-[(5-methyl-2-

oxo-1,2-dihydro-3H-indol-3-ylidene)

methyl]phenoxy}acetamide VS-14 

Yield 66%, IR (KBr, cm-1): 3400 (N-H), 3076
(C-H), 2919 (C-H), 1694 (C=O), 1616 (C=C), 1246
(C=N), 1068 (C-O). 1H-NMR (δ, ppm): 10.47 (s,
1H, NH), 10.34 (s, 1H, NH), 8.49 (d, 2H, J = 8 Hz),
7.97-7.95 (m, 1H), 7.71 (s, 1H), 7.60-7.56 (m, 1H),
7.50 (s, 1H), 7.40 (t, 1H, J = 16 Hz), 7.11 (d, 2H, J
= 8 Hz), 7.01 (d, 1H, J = 8 Hz), 6.71 (d, 1H, J = 8
Hz), 4.82 (s, 2H, -OCH2-), 2.30 (s, 3H, -CH3). MS
(ESI) m/z: 437.00 (436.86). Analysis: calcd. for

C24H18ClFN2O3: C 65.98; H 4.15; N 6.41%; found: C
65.85; H 4.09; N 6.44%.

N-(4-chloro-3-fluorophenyl)-2-{4-[(5-chloro-2-

oxo-1,2-dihydro-3H-indol-3-ylidene)

methyl]phenoxy}acetamide VS-15 

Yield 60%, IR (KBr, cm-1): 3383 (N-H), 3178
(C-H), 2915 (C-H), 1691 (C=O), 1596 (C=C), 1309
(C=N), 1071 (C-O). MS (ESI) m/z: 457.00 (457.28).
Analysis: calcd. for C23H15ClFN2O3: C 60.41; H
3.31; N 6.13%; found: C 60.55; H 3.26; N 6.19%.

N-cyclohexyl-2-{4-[(2-oxo-1,2-dihydro-3H-indol-

3-ylidene)methyl]phenoxy}

acetamide VS-16 

Yield 71%, IR (KBr, cm-1): 3291.89 (N-H),
3091 (C-H), 2929 (C-H), 1709 (C=O), 1640 (C=C),
1331 (C=N), 1031 (C-O). 1H-NMR (δ, ppm): 10.57
(s, 1H, NH), 7.99 (d, 1H, J = 8 Hz), 7.72 (d, 2H, J =
8 Hz), 7.63 (d, 1H, J = 8 Hz), 7.58 (s, 1H), 7.22 (t,
1H, J = 16 Hz), 7.10 (d, 2H, J = 8 Hz), 6.88 (d, 1H,
J = 8 Hz), 4.56 (s, 2H, -OCH2-), 3.62 (s, 1H, br,
NH), 1.74-1.68 (m, 4H, alkyl), 1.58-1.23 (m, 7H,
alkyl). MS (ESI) m/z: 377.00 (376.45). Analysis:
calcd. for C23H24N2O3: C 73.38; H 6.43; N 7.44%;
found: C 73.26; H 6.39; N 7.49%.

Table 1. Cont.

CODE R R1 Mol. formula Mol. Wt. M.P. OC Rf* value  

VS-14 CH3 C24H18ClFN2O3 436.86 248-250 0.72  

VS-15 Cl  C23H15ClFN2O3 457.28 275-276 0.72

VS-16 H  C23H24N2O3 376.45 240-242 0.78  

VS-17 CH3 C24H26N2O3 390.47 264-266 0.72  

VS-18 Cl  C23H23N2O3 410.89 278-280 0.76  

* Mobile phase:- CHCl3-CH3OH (9.5 : 0.5, v/v)
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N-cyclohexyl-2-{4-[(5-methyl-2-oxo-1,2-dihydro-

3H-indol-3-ylidene)methyl]

phenoxy}acetamide VS-17 

Yield 69%, IR (KBr, cm-1): 3345.89 (N-H),
3022 (C-H), 2931 (C-H), 1701 (C=O), 1653 (C=C),
1315 (C=N), 1028 (C-O). MS (ESI) m/z: 391.10
(390.47). Analysis: calcd. for C24H26N2O3: C 73.82;
H 6.71; N 7.17%; found: C 73.85; H 6.66; N 7.20%.

N-cyclohexyl-2-{4-[(5-chloro-2-oxo-1,2-dihydro-

3H-indol-3-ylidene)methyl]

phenoxy}acetamide VS-18 

Yield 66%, IR (KBr, cm-1) 3418 (N-H), 3089
(C-H), 2930 (C-H), 1694 (C=O), 1656 (C=C), 1375
(C=N), 1065 (C-O). MS (ESI) m/z: 411.10 (410.89).
Analysis: calcd. for C23H23N2O3: C 67.23; H 5.64; N
6.82%; found: C 67.15; H 5.58; N 6.90%.

BIOEVALUATIONS

Cytostatic activity

The methodology for performing the antiprolif-
erative assays has been published previously (17). In
brief, varying concentrations of the compounds (5-
fold dilutions) were incubated at 37OC for 72 h or 48
h (L1210 cells) in 200 µL 96-well microtiter plates,

and the viable tumor cell number was counted at the
end of the incubation period using a Coulter counter
(Coulter Electronics, Harpenden Hertz, U.K.).

Cancer chemoprevention activity-cells

EBV genome-carrying lymphoblastoid cells
(Raji cells derived from Burkittís lymphoma) were
cultured in 10% fetal bovine serum (FBS) in RPMI-
1640 under the conditions described previously
(18). Spontaneous activation of EBV-EA in the sub-
line 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 lymphoblas-
toid cells (Raji cells derived from Burkittís lym-
phoma) 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 non-producer type) as described previously
(19). The indicator cells (Raji cells, 1-106/mL) were
incubated at 37OC for 48 h in 1 mL of a medium con-

Table 2. Inhibitory effects of compounds on the proliferation of murine leukemia cells (L1210) and human 
T-lymphocyte cells (CEM) and human cervix carcinoma cells (HeLa).

Compound
IC50* (µM)   

L1210 CEM HeLa

VS-01 ≥ 250 ≥ 250 16 ± 2

VS-02 41 ± 25 64 ± 54 19 ± 12

VS-03 > 250 > 250 > 250

VS-04 > 250 ≥ 250 > 250

VS-05 > 250 ≥ 250 > 250

VS-06 20 ± 9 5.1 ± 1.2 142 ± 83

VS-07 31 ± 7 22 ± 3 39 ± 28

VS-08 11 ± 4 5.0 ± 1.4 72 ± 16

VS-09 > 250 159 ± 44 > 250

VS-12 15 ± 4 8.5 ± 6.2 9.9 ± 8.7

VS-13 42 ± 20 21 ± 1 92 ± 11

VS-14 26 ± 10 15 ± 11 51 ± 17

VS-15 18 ± 2 11 ± 6 18 ± 2

VS-16 13 ± 9 13 ± 3 20 ± 4

VS-17 21 ± 1 5.2 ± 0.8 19 ± 3

VS-18 69 ± 43 21 ± 16 145 ± 72

Melphalan 2.13 ± 0.02 2.47 ± 0.21 NT

*50% inhibitory concentration. NT ñ not tested
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taining 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 sus-
pension, and the activated cells that were stained by
EBV-EA-positive serum from NPC patients were
detected by an indirect immunofluorescence tech-
nique (20). 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 EBV-
EA 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.

RESULTS AND DISCUSSION

Chemistry

Compounds were synthesized via 3-step proce-
dure (Scheme 1). Substituted amines 1 were reacted
with chloroacetyl chloride in the presence of triethyl-
amine to get 2 in good yield. Intermediate 3 was
obtained by reacting 4-hydroxybenzaldehyde with 2
in the presence of potassium iodide and potassium
carbonate by refluxing for 20 h. Title compounds
(VS-01 to VS-18) were obtained by reacting 2-oxin-
dole with intermediate 3 in the presence of piperidine
in methanol. Purity of all the synthesized compounds

Figure 1. Some bioactive 2-oxindole derivatives



144 VIVEK SINGH BHADAURIA et al.

was checked by TLC on precoated silica gel GF254

plates using chloroform and methanol as mobile
phase. The structures of the synthesized compounds
were confirmed by IR, NMR and mass spectrometry.
Vibration of N-H bonds were observed between
3418-3292 cm-1 and for aromatic C-H bonds were
observed between 3178-3022 cm-1, whereas for
aliphatic C-H bonds observed between 2946-2840
cm-1, and for C=O bonds observed between 1709-
1659 cm-1. In proton NMR, the proton in N-H
appeared between 10.80-10.01 ppm. All the synthe-
sized compounds showed prominent signals for aro-
matic protons around 8.50-6.60 ppm. Protons of 
-OCH2- for the compounds appeared between 4.90-
4.50 ppm and protons of -CH3 appeared between
2.49-2.25 ppm. The structures of all the compounds
were finally ascertained by mass spectra.

Bioevaluations

Cytotoxicity in human and murine tumor cell

lines

The compounds were evaluated for their cyto-
toxic activity against human cervix carcinoma HeLa
and CEM T-lymphocytes as well as murine L1210
leukemia cells. The data are summarized in Table 2

in comparison with melphalan. Several compounds
(VS-06, 08, 12 and 17) showed IC50 values in the
low micromolar range (5.0ñ8.5 µM) and were two to
three times less potent than the standard melphalan
(2.13ñ2.47 µM). Human T-lymphocytic CEM cells
were more sensitive to the cytotoxic activity of the
compounds in the series than L1210 and cervix car-
cinoma HeLa cells or murine L1210 leukemia cells.
Compounds VS-02, 06-08, and 12-18 displayed
mild cytotoxic activity (IC50 = 11.00-145.00 µM)
against all three cell lines tested. Compound VS-01

showed cytotoxic activity at 16 µM against human
cervix carcinoma HeLa cells and was inactive
against the other two cell lines namely L1210 and
CEM tested. Compounds VS-03 to 05 and 09 were
inactive against all three cell lines tested.

The most potent cytotoxicity noted against T-
lymphocytic cells (CEM) than the ;eukemia L1210
and cervix carcinoma HeLa cells. Replacement of
hydrogen atom with CH3 substituent at 5th position
of 2-oxindole led to a more potent inhibitors of
tumor cell proliferation (VS-05, 08 and 12) against
CEM cells. In a number of cases, replacement of the
hydrogen at N-phenyl acatamide by an electron
withdrawing group like NO2 or Cl or 3-F-4-Cl

Table 3. Relative ratioa of EBV-EA activation levels (%) in the presence of compounds VS-01 to VS-18 and oleanolic acid.

Concentration (mol ratio/ TPA) IC50

1000 500 100 10 (nM)

VS-01 7.2 (60)b± 0.5 41.1 ± 1.6 73.8 ± 1.6 96.5 ± 1.5 451

VS-02 10.8 (60) ± 0.6 43.5 ± 1.2 76.3 ± 1.5 100 ± 1.0 480

VS-03 9.0 (60) ± 0.5 42.1 ± 1.4 74.8 ± 1.7 98.0 ± 1.3 475

VS-04 11.6 (60) ± 0.4 43.5 ± 1.3 75.9 ± 1.5 100 ± 1.0 492

VS-05 9.2(60) ± 0.5 41.9 ± 1.6 75.5 ± 1.7 100 ± 1.2 478

VS-06 12.7 (60) ± 0.4 44.8 ± 1.4 76.7 ± 1.5 100 ± 0.9 500

VS-07 10.0 (60) ± 0.4 44.2 ± 1.5 77.0 ± 1.4 100 ± 1.0 483

VS-08 12.5 (60) ± 0.3 45.1 ± 1.4 77.3 ± 1.5 100 ± 0.9 505

VS-09 11.8 (60) ± 0.4 44.1 ± 1.3 76.0 ± 1.5 100 ± 1.7 495

VS-12 13.3 (60) ± 0.5 46.8 ± 1.5 78.3 ± 1.6 100 ± 0.8 516

VS-13 13.5 (60) ± 0.4 46.5 ± 1.4 77.9 ± 1.6 100 ± 0.8 511

VS-14 14.0 (60) ± 0.4 47.9 ± 1.4 78.9 ± 1.6 100 ± 0.7 519

VS-15 15.3 (60) ± 0.6 47.5 ± 1.6 79.5 ± 1.4 100 ± 0.6 523

VS-16 8.5 (60) ± 0.4 41.6 ± 1.4 74.1 ± 1.6 98.7 ± 1.1 465

VS-17 11.5 (60) ± 0.4 42.0 ± 1.3 75.0 ± 1.5 100 ± 0.9 492

VS-18 14.8 (60) ± 0.5 48.7 ± 1.5 80.0 ± 1.5 100 ± 1.0 521

Oleanolic 
acidc 12.7 (70) 30.0 80.0 100 449  

a The value obtained in the assay where the EBV-EA activation was performed by treatment with TPA (32 pmol) alone (without adding
any 2-oxindole) was evaluated as 100%. b Values in parentheses are the percentage viability of Raji cells. c A standard sample to compare
the inhibitory activities of VS-01 to VS-18 against EBV-EA activation.
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resulted in a marked potentiation of the cytotoxic
activity (compare VS-01 with 02; VS-05 with 06, 08

& 12; VS-01 with 13-15) (Table 2). In addition,
replacement of an aryl ring at R1 by cyclohexyl ring
often resulted in significant improvement of cyto-
toxic activity; i.e., compare VS-01 with 16; VS-05

with 17; and VS-09 with 18. 

Chemoprevention activity

The synthesized compounds (VS-01 to VS-18)
were subjected to in vitro inhibition assay against
EBV-EA activation. 

Tumor promoter activates EBV-EA, which pro-
duced viral early antigen (EA). The evaluation of its
inhibitors is used as a primary screen for in vivo anti-
tumor promoting activities (18). The in vitro inhibito-
ry activities against EBV-EA activation are shown in
Table 3 for the title compounds (VS-01 to VS-18). To
compare with the test compounds VS-01 to VS-18,
oleanolic acid was used as standard. The effect of test
compounds on the viability of Raji cells and their
50% inhibitory concentration (IC50) values have been
shown in Table 3. The in vitro result of compound
VS-01 showed equipotent cytotoxicity against cell
line tested. Its inhibitory activity was 451 mol ratio/32
pmol/TPA. The relative rates of VS-01 with respect
to TPA (100%) were 7.2, 41.1, 73.8, 96.5%, at con-
centrations of 1000, 500, 100 and 10 mol ratio/TPA
(Table 3), showing 92.8, 58.9, 26.2, (compound VS-

01) inhibition of TPA-induced EBV-EA activation
whereas compounds VS-16 (465 nM), VS-03 (475
nM), VS-05 (478 nM) and VS-02 (480 nM) displayed
moderate cytotoxicity. Compounds VS-16, 03, 05

and 02 exhibited mild inhibitory activity. 
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ABSTRACT 

Objective: The current work was attempted to formulate and evaluate a controlled-release matrix-type ocular inserts containing a combination of 
brimonidine tartrate and timolol maleate, with a view to sustain the drug release in the cul-de-sac of the eye. 

Methods: Initially, the infrared studies were done to determine the drug–polymer interactions. Sodium alginate-loaded ocuserts were prepared by 
solvent casting technique. Varying the concentrations of polymer—sodium alginate, plasticizer—glycerine, and cross-linking agent—calcium 
chloride by keeping the drug concentration constant, made a total of nine formulations. These formulations were evaluated for its appearance, drug 
content, weight uniformity, thickness uniformity, percentage moisture loss, percentage moisture absorption, and in vitro release profile of the 
ocuserts. Finally, accelerated stability studies and the release kinetics were performed on the optimised formulation. 

Results: It was perceived that polymer, plasticizer, and calcium chloride had a significant influence on the drug release. The data obtained from the 
formulations showed that formulation—F9 was the optimised formulation, which exhibited better drug release. The release data of the optimised 
formulation tested on the kinetic models revealed that it exhibited first-order release kinetics.  

Conclusion: It can be concluded that a natural bioadhesive hydrophilic polymer such as sodium alginate can be used as a film former to load water 
soluble and hydrophilic drugs like brimonidine tartrate and timolol maleate. Among all formulations, F9 with 400 mg sodium alginate, 2% calcium 
chloride and 60 mg glycerin were found to be the most suitable insert in terms of appearance, ease of handling, thickness, in vitro drug release and 
stability. 
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INTRODUCTION 

The conventional medications such as eye ointments and drops 
administered into the eye have various constraints such as poor 
bioavailability, reduced therapeutic efficiency due to the precorneal 
elimination of the drug, and frequent dosing of the medications may 
also lead to reduced patient compliance. All these limitations can be 
overcome by the continuous delivery of the medications into the eye, 
which could be accomplished by formulating an ocular insert [1, 2]. 

Ocular insert, a type of ocular drug delivery systems, is the 
interesting and challenging tasks facing by the pharmaceutical 
researchers till today [3, 4]. Ocular inserts are the sterile ocular films 
made of a polymeric vehicle comprising drug placed into the cul-de-
sac of the eye [5]. It has numerous advantages such as accurate 
dosing, increased shelf-life, increased residence time, the possibility 
of slow, constant and pre-programmed drug release, reduced 
systemic absorption, and ensured patient compliance [6, 7]. 

Glaucoma, an eye disorder, is characterised by elevated 
intraocular pressure (IOP), damaged optic nerve, and the ganglion 
cells. If left untreated, it might lead to progressive and irreversible 
loss of eyesight. Brimonidine tartrate (BT) and timolol tartrate 
(TM) are the most widely used medications that lower the IOP [8, 
9]. These are the non-selective beta-adrenergic blocker and the 
selective alpha 2-adrenergic receptor, respectively. These drugs 
act by lowering the IOP in the eye by impeding the production of 
aqueous humour [10, 11]. 

In the current work, an attempt has been made to design and 
evaluate ocular insert of BT and TM using sodium alginate as a 
polymer, glycerine as a plasticiser by solvent casting technique, with 
an objective of achieving controlled release, increasing residence 
time, decreased dosing frequency, and enhanced therapeutic 
efficiency. 

MATERIALS AND METHODS  

Chemicals 

The chemicals BT and TM were procured from Micro labs, 
Bengaluru. The excipients sodium alginate, calcium chloride, and 
glycerine were procured from SD Fine Chemicals, Mumbai. All the 
other chemicals used in work were procured from the local market 
and used without any further purification. 

Drug–excipient compatibility studies 

Fourier transform infrared (FTIR) spectroscopic studies were 
conducted using FTIR spectrophotometer Jasco, 460 plus, Japan to 
determine any interaction between the drug and the excipients. 

A small amount of the drug was taken and mixed uniformly with 
potassium bromide (KBr) of the spectrophotometric grade. The 
prepared mixture was taken in a palate and exposed to the Infrared 
(IR) beam and spectra were recorded in the range of 400–4000 cm-1 
by using FTIR spectrophotometer. The IR spectra of the pure drug 
with excipient and without excipient were taken separately to point 
out any drug–excipient interactions. 

Formulation of ocular films 

Matrix films of sodium alginate containing a combination of BT and 
TM were prepared by solvent casting technique. The formulation of 
ocular inserts involves two steps:  

Step-1: Preparation of precast Petri plates 

A solution of (2% w/v) calcium chloride was prepared and 
transferred to the Petri plates measuring 2.38 cm in diameter and 
allowed to evaporate completely. These plates were used to cast the 
films of sodium alginate. 
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Step-2: Preparation of the drug loaded film of Sodium alginate 

An accurately weighed 7.5 mg of BT and 7.5 mg of TM were dissolved 
in 10 ml of distilled water. Then, an accurately weighed sodium 
alginate was dissolved in the aqueous solution of the drug. The 
resultant solution obtained was cast in a Petri plate. Nine formulations 

containing different amount of polymer—sodium alginate, glycerine, 
and concentration of calcium chloride were obtained as per table 1. 
The different concentrations of glycerine were chosen based on the 
dry weight polymer. The preparation was left undisturbed for 48 h at 
room temperature for drying. After drying, they were cut into 9-mm 
circular films each containing 1 mg of the drug [1-3]. 

 

Table 1: Formulation of various batches of ocular inserts 

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 
 BT (mg)  7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
TM(mg) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
Water (ml)  10 10 10 10 10 10 10 10 10 
Sodium alginate (mg) 200 200 200 300 300 300 400 400 400 
Glycerine (mg) 40 50 60 40 50 60 40 50 60 
Calcium chloride (%) 2.0 1.0 1.5 1.5 2.0 1.0 1.0 1.5 2.0 

 

Evaluation of ocular films  

All the prepared ocular films were evaluated by following 
parameters:  

Drug content uniformity 

Drugs-loaded ocular films of diameter 9 mm were placed in 10-mL 
volumetric flask and equilibrated with 10 ml of sodium phosphate 
buffer for 24 h. The flasks were shaken intermittently during this 
period and filtered. From the filtrate, 1 ml of sample was withdrawn, 
diluted accordingly, and assayed spectrophotometrically at 250 nm 
for BT and 295 nm for TM. 

Uniformity of thickness 

The thickness of each ocular insert was measured at three different 
points by using Baker digital caliper. The average of three readings 
was taken to determine the thickness of the film. 

Uniformity of weight 

From each batch, three ocular films were taken randomly and 
weighed individually using a digital balance. 

Percentage moisture loss 

The percentage moisture loss was performed to determine the 
integrity of the ocular film at dry conditions. Three concerts from 
each batch were chosen randomly, weighed, and kept in the 
desiccator containing anhydrous calcium chloride. After 3 d, the 
ocuserts were withdrawn and weighed again. The percentage 
moisture loss was determined by the formula: 

%Moisture Loss =
Final weight − Initial weight

Initial weight
x 100 

Percentage moisture absorption 

Percentage moisture absorption test was performed to determine 
the integrity of the ocular insert at moisture conditions. Three 
inserts were taken randomly and weighed individually. The inserts 
were placed in the desiccator and exposed to high relative humidity 
(RH) using a saturated solution of potassium chloride. The 
percentage moisture absorption was calculated by the formula:  

%Moisture Absorption =
Final weight− Initial weight

Initial weight
x 100 

In vitro drug release studies 

The in vitro release studies were determined by using the classical 
standard cylindrical tube of diameter 15 mm. Commercial semi-
permeable membrane tied at one end of the open cylinder acts as a 
donor compartment in which the ocuserts was placed. The semi-
permeable membrane that acts similar to the corneal epithelium 
was in contact with the receptor compartment containing 50 ml of 
7.4 pH phosphate buffer. The content in the receptor compartment 
was stirred continuously by using a magnetic stirrer and the 
temperature was maintained at 37±0.5 °C. 

For each predetermined interval, 1 ml of the aliquot was withdrawn 
and exchanged with the same volume of freshly prepared buffer 
solution. The collected aliquots were determined spectro-
photometrically at 250 and 295 nm for BT and TM, respectively 
against pH 7.4 phosphate buffer as a reference standard. The 
percentage drug release of each formulation for each hour for 24 h 
was calculated from the slope of the calibration standard curve [4-6]. 

Accelerated stability study 

Accelerated stability studies for the optimised F9 formulation of the 
ophthalmic insert was determined by exposing them to three 
storage conditions of temperatures (25±2 °C, 37±2 °C, and 42±2 °C) 
for 3 mo. After the specific period, the ocuserts were detected for 
any physical changes such as appearance, colour, thickness, texture, 
flexibility, and drug content [12]. 

The data obtained from the in vitro release make use of various kinetic 
models to describe the release kinetics. The drug release data obtained 
from the dissolution test were plotted in various models [13, 14]. 

Zero order rate kinetics 

It describes that the release rate of the formulation is independent of 
the drug concentration. The formulation which follows zero order 
rate kinetics is expressed by the Eqn. 1. 

c = c0 − K0t(Eqn. 1) 

Where,  

C = amount of drug dissolved or released 

C0 = initial concentration of the drug in solution 

K0 

logc = logc0 + Kt
2.303

(Eqn.2) 

C

= zero order rate constant, expressed in units of 
concentration/time.  

t = time in hours. 

First order rate kinetics 

In first order kinetics, the release rate of the formulation is dependent 
on the drug concentration. As the concentration of drug increases the 
release rate also increases linearly. It is expressed in an equation. 

0

C = Kt1/2(Eqn. 3) 

 = initial drug concentration 

C = drug concentration at time t 

K = the first order rate constant 

t = time in hours 

Higuchi square root kinetics 

It is the most famous mathematical equation to define the drug 
release from the micro particles, which is expressed in the Eqn.3. 
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Where,  

C = drug concentration at time t 

Q = percentage of drug release at time t.  

K = Higuchi release rate constant that depends on drug 
concentration, solubility, and drug release from the matrix system 

RESULTS AND DISCUSSION 

The current work is focused to design and evaluation of a controlled-
release ocuserts containing a combination of BT and TM to treat 
glaucoma. Studies had revealed that fixed dose combinations of both 
the drugs are well tolerated in patients with glaucoma with least 
side effects [15-17]. Hence, an attempt was done to design ocular 
inserts that could remain in the cul-de-sac of the eye for a sustained 
period of time with a vision to maximise the ocular bioavailability. 

The FTIR spectral studies were accomplished to determine the 
drug–excipient interaction. Data from the studies revealed no any 
significant interaction between the drugs (BT and TM) and sodium 
alginate (table 2).  

The data on drug content, uniformity of thickness and weight, 
percentage moisture loss, percentage moisture absorption, in vitro 
drug release, and accelerated stability studies obtained for the 
ocuserts were confirmed to the IP (Indian Pharmacopoeia) 
specifications (table 3-6). The thickness of all the formulated ocular 
inserts was in comparison with that of marketed product—Pilo-20 

(0.30 mm), manufactured by Alza Corporation. Which indicated the 
homogeneous distribution of polymer in the ocular insert. The 
weights of ocular inserts were varied within the range of 0.17–0.35 
gm. This specifies that the technique was reproducible to prepare 
inserts with uniform weight [1]. The concentration of Calcium 
chloride and Concentration of plasticizer was found to play a major 
role in influencing the amount of drug release from the inserts [18]. 
The results obtained from the percentage moisture show that at 
lower polymer concentrations the percentage moisture absorption 
was 6.38–8.65 %. But as the polymer concentration increases the 
moisture absorption was found to decrease from 8.84–3.04%. The 
difference in the percentage moisture could be attributed to the 
difference in film porosity, which was shown to vary depending on 
the type and concentration of plasticiser [19]. 

Ocular inserts of formulations F1–F3 having low polymer 
concentration resulted in the poor drug release; F4–F6 with medium 
concentration resulted in moderate release, whereas F7–F9 with 
higher concentration resulted in the better drug release on 
completion of 24 h. 

Of all formulations tested, the optimised F9 was found stable at 
different temperatures as per ICH guidelines and showed better 
drug release of 78% for BT and 77% for TM. In order to understand 
the release mechanism, the release data were tested on the kinetic 
models. From the results obtained, it was finally concluded that 
ocular inserts had followed first-order kinetics that is R2=0.9878 and 
R2

Characteristic peaks (wave number cm

=0.9940 for BT and TM respectively (table 7). 
 

Table 2: Comparison of characteristic infrared peaks BT and TM with and without Excipients 

-1) 
TM BT BT+TM BT+TM+SA Corresponding functional groups * Characteristic absorption range 
3409  3472  3473 3565 O–H  3500–3700 
3278 3437 3436 3475 O–H 3200–3600 
3040 3265 3270 3272 N–H 3300–3500 
2965 3217 2964,2909, 2848 2899,2847 C–H (aliphatic) 3000–3100 
1707 1731 1728 1714 C=O (stretching) 1670–1820 
1500 1487 1490 1487 >C=C< 1400–1600 

*Sodium alginate 
 

Table 3: Drug content of different ocular inserts 

Formulation Drug content (mg/cm2) 
Brimonidine tartrate  Timolol maleate 
mg±SD (mg) mg±SD (mg) 

F1 0.48±0.003 0.48±0.003 
F2 0.49±0.005 0.49±0.004 
F3 0.49±0.003 0.47±0.007 
F4 0.48±0.006 0.50±0.008 
F5 0.48±0.008 0.49±0.005 
F6 0.48±0.006 0.48±0.006 
F7 0.47±0.004 0.49±0.002 
F8 0.47±0.003 0.47±0.001 
F9 0.49±0.002 0.50±0.006 

Values were expressed as mean±Standard Deviation (SD) of sample replicate, n=3 
 

Table 4: Data showing physical characteristics of BT and TM of ocular inserts prepared 

Formulations Thickness (mm) of different ocular 
inserts  

Weight (gm) of different ocular 
inserts  

Percentage moisture absorption of different 
ocular inserts  

F1 0.212±0.003 0.17±0.0000 8.66±0.0264 
F2 0.200±0.004 0.20±0.0005 7.36±0.0700 
F3 0.219±0.003 0.18±0.0026 6.92±0.0264 
F4 0.208±0.011 0.21±0.0026 4.04±0.0264 
F5 0.217±0.005 0.21±0.0026 8.81±0.0360 
F6 0.227±0.003 0.22±0.0020 3.25±0.0360 
F7 0.247±0.001 0.33±0.0026 3.04±0.0556 
F8 0.251±0.003 0.35.±0.0020 3.22±0.0360 
F9 0.251±0.003 0.33±0.0026 4.27±0.0701 

Values were expressed as mean±Standard Deviation (SD) of sample replicate, n=3 
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Table 5: Percentage cumulative drug release (% CR) of BT in ocular inserts containing sodium alginate polymer of batch F1–F9 

Formulations Time (h) 
2 4 6 8 10 12 24 

F1 2.88±0.570 5.63±0.866 6.66±0.505 9.84±0.262 10.75±0.813 12.79±0.610 32.57±1.818 
F2 2.47±0.194 6.33±0.198 8.71±0.705 11.51±0.378 13.98±0.448 14.40±0.536 33.70±0.898 
F3 2.67±0.045 7.43±0.429 10.73±0.098 13.20±0.525 17.20±0.645 19.41±0.672 39.15±0.584 
F4 5.15±0.058 10.13±0.427 16.95±1.131 23.70±0.830 28.59±1.807 32.53±2.740 51.90±3.259 
F5 5.51±0.136 12.06±0.308 19.73±0.315 26.77±0.512 33.17±1.673 38.55±0.886 57.39±1.220 
F6 8.99±0.190 16.74±0.740 21.88±0.574 29.91±0.244 38.51±0.742 43.00±1.085 61.29±0.648 
F7 7.28±0.080 18.55±0.309 28.14±0.207 38.32±0.405 44.55±0.445 48.69±0.162 68.55±1.105 
F8 7.62±0.290 18.48±0.790 28.79±0.725 38.85±1.037 45.10±1.441 50.44±0.395 72.96±1.537 
F9 7.49±2.076 20.71±2.923 31.88±2.591 42.73±3.091 51.54±3.154 57.19±3.518 78.18±0.987 

Values were expressed as mean±Standard Deviation (SD) of sample replicate, n=3 
 

Table 6: Percentage cumulative drug release (% CR) of TM in ocular inserts containing sodium alginate polymer of batch F1–F9 

Formulations Time (h) 
2 4 6 8 10 12 24 

F1 3.56±0.387 7.36±0.515 10.92±0.613 15.89±1.235 23.02±0.251 28.21±0.197 44.23±0.712 
F2 4.12±0.401 8.91±0.560 13.79±0.610 18.57±1.541 24.13±0.623 30.42±0.365 51.29±.502 
F3 4.79±0.093 9.98±0.106 15.92±0.441 22.05±0.620 27.28±0.532 33.21±0.726 54.89±0.284 
F4 4.31±0.521 8.75±0.201 13.21±0.254 19.01±0.652 24.32±1.012 29.69±0.562 55.81±0.714 
F5 3.36±0.214 8.24±0.421 13.29±0.701 22.07±0.523 29.55±0.254 39.27±0.652 62.13±1.101 
F6 5.43±1.202 11.73±0.854 18.94±0.321 25.13±2.01 32.48±0.317 43.21±0.198 66.71±0.223 
F7 5.29±0.0.533 12.89±0.405 18.98±0.412 26.75±0.203 33.44±0.238 42.33±0.289 71.29±0.605 
F8 6.12±0.721 14.56±0.881 22.47±0.254 31.18±0.287 39.11±0.451 47.69±0.417 74.29±0.421 
F9 7.97±0.601 15.88±0.412 23.85±0.251 32.87±0.352 40.23±0.613 50.12±0.426 76.77±0.771 

Values were expressed as mean±Standard Deviation (SD) of sample replicate, n=3 
 

Table 7: Regression coefficient (R2

Optimized 
formulation 

) of the drugs brimonidine tartrate and timolol maleate 

BT TM 
Zero-order 
kinetics 

First-order 
kinetics 

Higuchi 
kinetics 

Zero-order 
kinetics 

First order 
kinetics 

Higuchi 
kinetics 

F9 0.9021 0.9878 0.9758 0.9764 0.9940 0.9917 
 

CONCLUSION 

The bioavailability of topically applied drug as eye drop is extremely 
poor and can be enhanced by ocular inserts formulated with natural 
bioadhesive polymers. In the present study ocular inserts of 
brimonidine tartrate and timolol maleate prepared from natural 
bioadhesive polymer, sodium alginate exhibited good control in the 
release of the drug for a period of 24 h. Further studies need to be 
carried out to check the feasibility of the inserts as an alternative 
choice for the treatment of glaucoma. 
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SENSITIVE LIQUID CHROMATOGRAPHY TANDEM MASS SPECTROMETRIC METHOD FOR THE 
SIMULTANEOUS DETERMINATION OF BISOPROLOL AND TRIAMTERENE IN HUMAN PLASMA
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Objective: A highly specific, sensitive, and rapid liquid chromatography tandem mass spectrometric method has been developed and validated for the 
simultaneous quantification of bisoprolol and triamterene in human plasma using metoprolol as an internal standard (IS).

Methods: Both the analytes and IS were extracted from plasma using a protein precipitation extraction method. Chromatography was achieved on 
Welchrom XB C18, 50 × 4.6 mm0, 5 µm column using an isocratic mobile phase (2 mM ammonium formate: acetonitrile, 70:30 v/v) at a flow rate of 
0.60 ml/min.

Results: The total chromatographic run time was 3.5 minutes and the elution of bisoprolol, triamterene, and IS occurred at ~2.57, 1.30, and 1.57 minutes, 
respectively. A linear response function was established at 2.04-210 ng/ml for both the analytes in human plasma. The intraday and interday accuracy 
and precisions were in the range of 1.12-7.87% and 1.26-6.36% and 1.46-6.13% and 1.65-7.34% for bisoprolol and triamterene, respectively.

Conclusion: A new robust method was developed for simultaneous determination of bisoprolol and triamterene in human plasma. The method was 
strictly validated according to the ICH  guidelines. The information thus obtained from the study can be used for the full pharmacokinetic profiling in 
individuals.

Keywords: Bisoprolol, Triamterene, Liquid chromatography tandem mass spectrometric, Method validation, Human plasma, Pharmacokinetics.

INTRODUCTION

Bisoprolol (Fig. 1), chemically is 1-{4-[(2-isopropoxyethoxy) methyl] 
phenoxy}-3-(isopropyl amino) propan-2-ol and belongs to the group 
of beta-blockers. It is a β1 adrenergic receptor blocker which is used to 
treat several cardiovascular diseases such as hypertension, arrhythmia 
coronary heart disease, ischemic heart disease, and myocardial 
infarction as monotherapy and/or in combination with other agents.

Triamterene (Fig. 2) chemically is 6-phenylpteridine-2,4,7-triamine. 
It is a potassium-sparing diuretic which is used in combination with 
thiazide diuretics for the treatment of edema and hypertension. The 
epithelial sodium channel present on the lumen side of the kidney 
collecting tubule is blocked by triamterene.

In the contemporary literature, few bioanalytical methods were 
reported for quantification of bisoprolol. Dinga et al. reported an 
LC-electrospray ionization (ESI)-MS for determination of bisoprolol 
in human plasma. Plasma aliquots were processed using ethyl acetate 
liquid–liquid extraction method. Chromatographic separation of 
bisoprolol was achieved on ZORBAX SB-C18 column using gradient 
elution. The linearity range for bisoprolol in plasma was found to be 
0.05-120 ng/ml. Total run time for this analysis was 5.0 minutes [1]. 
Similarly, Bhatt et al. reported the determination of bisoprolol in 
human plasma by an LC-ESI-MS method. Plasma aliquots were 
processed using solid phase extraction methodology. Chromatographic 
separation of bisoprolol was achieved on BetaBasic 8 column using an 
isocratic elution. The linearity range was 0.5-70 ng/ml for bisoprolol 
in plasma [2]. Recently, Liu et al. reported a liquid chromatography-
tandem mass spectrometric (LC-MS/MS) method for the quantitation 
of bisoprolol in human plasma with a linearity range of 0.5-
100 ng/ml. Plasma aliquots spiked with bisoprolol were processed 
using simple protein precipitation extraction method [3] followed by 

chromatographic separation of bisoprolol achieved on Capcell Pak C18 
MG III column (100 mm × 2.0 mm, 5 µ), using gradient elution.

Bisoprolol fumarate can be determined by various methods 
such as ultraviolet, reverse phase high-performance LC (HPLC), 
LC-MS/MS, and high-performance thin-layer chromatography. Methods 
have been reported for analysis of bisoprolol fumarate either alone or 
in combination with other drugs in pharmaceutical formulations [4-8].

Metoprolol (Fig. 3) is structurally similar to bisoprolol. On the 
benzene ring, it has two substituents present in the paraposition [9]. 
Hence, metoprolol was selected as the internal standard (IS) for the 
simultaneous estimation.

In the contemporary literature, few bioanalytical methods were also 
reported for quantification of triamterene. Hsu et al. reported an 
LC-MS/MS for determination of triamterene in urine samples. Aliquots 
of urine sample spiked with triamterene were processed using solid 
phase extraction method. Chromatographic separation of triamterene 
was achieved on HS-C18 column using a gradient elution with a 
linearity range of 25-500 ng/ml. Total run time for this analysis was 
15.0 minutes [10].

Most of these published methods were suitable for only single analyte 
determination and utilized more than 200 µl of plasma volume. In this 
paper, the development and validation of a simple, specific, sensitive, and 
high-throughput LC-MS/MS method for the simultaneous quantitation 
of bisoprolol and triamterene in a small volume (100 µl) human plasma 
is being reported. The main advantages of this method are higher 
sensitivity over the reported lower limit of quantitation (LLOQ) (for 
triamterene), isocratic mobile phase elution, and shorter run time 
(3.5 minutes). This method can be successfully applied to quantitate 
levels of bisoprolol and triamterene in human pharmacokinetic studies.

© 2017 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons. 
org/licenses/by/4. 0/) DOI: http://dx.doi.org/10.22159/ajpcr.2017.v10i4.16829
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From the literature survey, it is very clear that no method has been 
reported for simultaneous determination of bisoprolol and triamterene 
by LC-MS/MS. As for quantification, LC-MS/MS seems to be more 
sensitive and precise for the simultaneous determination of bisoprolol 
and triamterene in human plasma. The proposed method is validated 
as per guidelines [11].

METHODS

Chemicals and reagents
Bisoprolol (purity 99.3%), triamterene sodium (purity 99.7%), and 
metoprolol succinate (purity 99.9%) were purchased from Vivan Life 
Sciences Pvt. Ltd., India. HPLC grade acetonitrile and methanol were 
purchased from J T Baker, India. Analytical grade formic acid and 
ethyl acetate were purchased from Spectrochem and Merck India, 
respectively. Dimethyl sulfoxide and Phenacetin were procured from 
Sigma-Aldrich, India. All other chemicals and reagents were of analytical 
grade. Microcaps® disposable micropipettes (50 µl, catalog number: 
1-000-0500) were purchased from Drummond Scientific Company, 
USA. The control human dipotassium ethylenediaminetetraacetic 
acid (K2EDTA) plasma sample was procured from Red Cross Society, 
Bengaluru.

Instrumentation and chromatographic conditions
A Shimadzu HT (Shimadzu, Japan) LC system equipped with degasser 
(DGU-20A5), binary pump (LC-20AD) along with auto-sampler 
(SIL-HTC) was used to inject 10 µl aliquots of the processed samples 
on Welchrom XB C18 column (50 mm × 4.6 mm, 5 µm) maintained at 
40±1°C. The isocratic mobile phase consisted of a mixture of 2 mM 
ammonium formate and acetonitrile mixture (70:30 v/v) which was 
filtered through a 0.45 µm membrane filter (XI5522050) (Millipore, 
USA or equivalent) and then degassed ultrasonically for 5 minutes. The 
mobile phase was delivered at a flow rate of 0.600 ml/min into the mass 
spectrometer ESI chamber.

Quantitation was achieved by MS/MS detection in positive ion mode 
for bisoprolol, triamterene, and IS using a MDS Sciex (Foster City, CA, 
USA) API-4000 mass spectrometer, equipped with a Turbo ion sprayTM 
interface at 450°C temperature and 4500 V ion spray voltage. The source 
parameters namely, curtain gas; GS1 and GS2 were set at 30, 55 and 65 
psi. The compound parameters namely, declustering potential, entrance 
potential, collision energy, and collision cell exit potential were 70, 10, 
50, and 15 V for bisoprolol; 50, 10, 35, and 18 V for triamterene; and 75, 
10, 30 and 8 V for IS, respectively. Detection of the ions was performed 
in the multiple reaction monitoring (MRM) mode, monitoring the 
transition of the m/z (mass-to-charge ratio) 326 precursor ion to 
the m/z 116 product ion for bisoprolol; m/z 254 precursor ion to 
the m/z 237 product ion for triamterene; and m/z 268 precursor ion 
to the m/z 116 product ion for IS (metoprolol). Quadrupole Q1 and Q3 
were set on unit resolution. The dwell time was 200 ms. The analytical 
data were processed by Analyst Software (version 1.5.2).

Standard solutions
Bisoprolol, triamterene, and IS were weighed accurately into 
volumetric flasks using an analytical microbalance. Approximately 
1 mg/ml primary stock solutions of bisoprolol, triamterene, and IS 
solutions were prepared in methanol. The stock solutions of bisoprolol, 
triamterene, and IS were stored at −20°C, which were found to be 
stable for 1 month. The stock solutions of bisoprolol and triamterene 
were successively diluted with methanol: water (50:50 v/v) to prepare 
secondary stocks and working solutions. Secondary stock solutions 
and working solutions were used to prepare calibration curve (CC) 
and quality control (QC) samples. Working stock solutions were 
stored at 4°C for a week. Working stocks were used to prepare plasma 
calibration standards. A working IS solution (150 ng/ml) was prepared 
in methanol: water (50:50 v/v). Blank human plasma was screened 
before spiking to ensure that it was free from endogenous interference 
at retention times of bisoprolol, triamterene, and IS, respectively. 
Eight-point calibration standards’ samples (2.02-210 ng/ml for both 
bisoprolol and triamterene) were prepared by spiking the blank 
human K2EDTA plasma with appropriate concentration of bisoprolol 
and triamterene. Samples for the determination of precision and 
accuracy were prepared by spiking control human plasma in bulk 
with bisoprolol and triamterene at appropriate concentrations 
(2.02 ng/ml LLOQ, 8.42 ng/ml low QC [LQC], 84.22 ng/ml medium QC 
[MQC], and 168.45 ng/ml high QC [HQC]) and 120 µL plasma aliquots 
were distributed into different tubes. All the samples were stored at 
−80°C±10°C.

Sample preparation
A simple protein precipitation extraction method was followed for 
extraction of bisoprolol and triamterene from human plasma. From the 
deep freezer, the required quantities of CC standards and QC samples 
were withdrawn. The samples were thawed at room temperature. To 
an aliquot of 100 µl plasma, 50 µl of IS was added. To this mixture, 
400 µl of acetonitrile was added and vortexed for 2 minutes, followed 
by centrifugation at 4000 rpm for 5 minutes at 4°C. After centrifugation, 
approximately 200 µl supernatant was aliquoted into, respectively, 
labeled autosampler vials, which were later placed in the autosampler 
at 10°C±4°C. 10 µl of the sample was injected onto LC-MS/MS system 
for analysis.

Fig. 1: Structural representation of bisoprolol

Fig. 2: Structural representation of triamterene

Fig. 3: Structural representation of metoprolol (internal 
standard)
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Method validation
A full validation according to the ICH guidelines [11] was performed for 
the assay in K2EDTA human plasma.

Specificity and selectivity
The specificity of the method was evaluated by analyzing human plasma 
samples from at least six different lots to investigate the potential 
interferences at the chromatographic peak region for analytes and IS. The 
acceptance criterion for the experiment was that at least four out of six 
lots should have <20% area response to that of the LLOQ level response 
in the same matrix. Two lots of hemolyzed plasma samples were also 
analyzed to ensure specificity against potential biological interferences.

Recovery
The efficiency of bisoprolol, triamterene, and IS extraction from human 
plasma was determined by comparing the responses of the analytes 
extracted from replicate QC samples (n=6) with those of neat standard 
solutions spiked in post-extracted plasma blank sample at equivalent 
concentrations by protein precipitation extraction method. Recovery of 
bisoprolol and triamterene was determined at LQC (8.42 ng/ml) and 
HQC (168.45 ng/ml) concentrations, whereas the recovery of IS was 
determined at a single concentration of 150 ng/ml.

Matrix effect
The effect of human plasma constituents over the ionization of 
bisoprolol, triamterene, and IS was determined by post-column infusion 
method to evaluate matrix effect [11]. Briefly, an infusion pump delivers 
a constant amount of analyte into LC system outlet entering to mass 
spectrometer inlet. To follow the analyte signal, the mass spectrometer 
was operated in MRM mode. The human plasma constituent sample 
extract was injected on LC column. A steady ion response was obtained 
as a function of time since the analyte was infused at a constant 
rate. Any endogenous compound that elutes from the column which 
causes a variation in ESI response of the infused analyte was seen as 
a suppression or enhancement in the response of the infused analyte. 
A separate experiment was performed with bisoprolol, triamterene, 
and IS solutions, which were infused at a constant rate, and blank 
matrix sample injected through the LC. To evaluate matrix effect, six 
different lots of human plasma were spiked with analyte concentration 
levels at LQC and HQC levels. According to guidelines, the acceptance 
criterion for each back-calculated concentration was ±15% deviation 
from the nominal value [11].

CC
The eight-point CC for bisoprolol and triamterene (2.02-210 ng/ml) 
was constructed by plotting the peak area ratio of each analyte: IS 
against the nominal concentration of calibration standards in K2EDTA 
human plasma. Following the evaluation of different weighing 
factors, the results were fit into linear regression analysis using 1/X2 
(X: Concentration) weighing factor. The CC should have a correlation 
coefficient (r) of 0.99 or better. The acceptance criteria for each back-
calculated standard concentration were ±15% deviation from the 
nominal value except at LLOQ, which was set at ±20% [11].

Precision and accuracy
The intra-assay precision and accuracy were estimated by analyzing six 
replicates containing bisoprolol and triamterene at four different QC 
levels (2.10 ng/ml [LLOQ], 8.42 ng/ml [LQC], 84.22 ng/ml [MQC], and 
168.45 ng/ml [HQC]) in human plasma. The four-level QC samples on 
four different runs were performed to assess the interassay precision. 
The acceptance criteria for each back-calculated standard concentration 
were 85-115% accuracy from the nominal value except at LLOQ, which 
was set at 80-120% [11].

Stability experiments
Stability tests were conducted to evaluate the stability of bisoprolol 
and triamterene in plasma samples under different conditions. 8 hrs 

bench top stability, processed samples stability (autosampler stability 
for 26 hrs at 10°C), three cycles of freeze-thaw stability, 30 days of long-
term stability at −80±10°C were performed at LQC and HQC levels using 
six replicates at each level. Samples were considered stable if assay 
values’ acceptance criterion was of accuracy (i.e., 85-115% from fresh 
samples) and precision (i.e., ±15% relative standard deviation [RSD]).

Dilution integrity
Dilution integrity was investigated to ensure that samples could be 
diluted with blank matrix without affecting the final concentration. 
Dilution integrity experiment was performed for study sample 
concentrations crossing the upper limit of quantitation (ULOQ). 
Bisoprolol and triamterene spiked human plasma samples were 
prepared at two concentrations (168 and 336 ng/ml) of bisoprolol 
and triamterene and were diluted with pooled human blank plasma 
at dilution factors of 20 and 40 in six replicates and analyzed. The 
back-calculated standard concentrations had to comply to have 
both precision of <15% and accuracy of 100±15% similar to other 
QC samples. The criteria for acceptance of the analytical runs 
encompassed the following: (i) 67% of the QC samples accuracy 
must be within 85-115% of the nominal concentration and (ii) not 
<50% at each QC concentration level must meet the acceptance 
criteria [11].

RESULTS

Bisoprolol, triamterene, and IS eluted at ~2.57, 1.31, and 1.57 minutes, 
respectively. During a direct infusion experiment, the mass spectra for 
bisoprolol, triamterene, and IS revealed peaks at m/z 326, 254, and 
268, respectively as protonated molecular ions, [M+H] +. Following 
detailed optimization of mass spectrometry conditions (provided in 
mass spectrometry operating conditions section), MRM reaction pair 
of m/z 326 precursor ion to the m/z 116 was used for quantification 
for bisoprolol and m/z 254 precursor ion to the m/z 237 was used 
for quantification for triamterene. Similarly, for IS MRM reaction, pair 
of m/z 268 precursor ion to the m/z 116 was used for quantification 
purpose. The fragmentation pattern of bisoprolol, triamterene and IS 
are shown in Figs. 4-6.

Table 1 shows the mean recovery for bisoprolol, triamterene (at LQC 
and HQC level), and IS including matrix effect.

Fig. 7 shows chromatograms for the blank human plasma (free of 
analytes and IS) for bisoprolol. Fig. 8 shows blank human plasma 
spiked with IS without analyte for bisoprolol. Fig. 9 shows bisoprolol 
at LLOQ concentration along with IS. Fig. 10 shows bisoprolol 
at ULOQ concentration along with IS. Similarly, Fig. 11 shows 
chromatograms for the blank human plasma (free of analytes and IS) 
for triamterene. Fig. 12 shows blank human plasma spiked with IS 
without analyte for triamterene. Fig. 13 shows triamterene at LLOQ 
concentration along with IS. Fig. 14 shows triamterene at ULOQ 
concentration along with IS.

Table 1: Recovery and matrix data for bisoprolol and 
triamterene

Concentration (ng/ml) Mean±SD (n=6)

Mean recovery (%) Mean absolute 
matrix effect

LQC
Bisoprolol – 8.42 51.8±1.43 99.6±3.35
Triamterene – 8.17 50.8±1.96 101±3.05
HQC
Bisoprolol – 168.45 53.4±0.54 102±1.41
Triamterene – 163.49 52.3±0.68 102±0.28
Metoprolol (IS) - 150 61.9
The results have shown that the precision and accuracy for analyzed samples 
were within acceptance range. LQC: Low-quality control, HQC: High-quality 
control, IS: Internal standard, SD: Standard deviation
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The retention time of bisoprolol, triamterene, and IS was ~2.57, 1.31, 
and 1.57 minutes, respectively. The total chromatographic run time was 
3.5 minutes.

The calibration standard curve had a reliable reproducibility over the 
standard concentrations across the calibration range. The average 
regression (n=3) was found to be >0.997 for both bisoprolol and 
triamterene. The lowest concentration with the RSD <20% was taken 
as LLOQand was found to be 2.10 ng/ml for both bisoprolol and 
triamterene. The percentage accuracy observed for the mean of back-
calculated concentrations for three CCs for bisoprolol and triamterene 
was within 87.0-114, whereas the precision (% CV) values ranged from 
0.99 to 7.56 and 1.19 to 7.98, respectively.

Accuracy and precision data for intra- and inter-day plasma samples for 
bisoprolol and triamterene are presented in Table 2.

The predicted concentrations for bisoprolol and triamterene at 8.17 and 
163 ng/ml deviated within ±15% of the fresh sample concentrations 
in a battery of stability tests namely, in-injector (22 hrs), bench-top 
(7 hrs), and repeated four freeze/thaw cycles stability (Table 3).

DISCUSSION

LC
LC separation of bisoprolol and IS has been carried out using various 
mobile phases consisting of different aqueous solutions and methanol or 
acetonitrile as the organic phase. Hernando et al. [12] used acetonitrile 
as organic mobile phase to achieve shorter retention times and better 
resolution of bisoprolol and IS. Formic acid solution as an additive in 
water was used by Li et al. [13] to improve the sensitivity of MS detection.

In the present study, optimization and critical evaluation of buffer, 
mobile phase composition, flow rate, and analytical column were 

Fig. 4: Mass fragmentation of bisoprolol

Fig. 5: Mass fragmentation of triamterene
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important to obtain good resolution of peaks of interest from the 
endogenous components, which in turn affect reproducibility and 
sensitivity of the method. Selection of chromatographic conditions 
for the proposed method was optimized to suit the preclinical 
pharmacokinetic studies. To ease the sample preparation in microtubes 
and to reduce the usage of solvent, the plasma volume was kept low. 
Initial feasibility experiments of a various mixture(s) of solvents such 
as acetonitrile and methanol using different buffers such as ammonium 

acetate, ammonium formate, and formic acid along with altered flow 
rates (in the range of 0.1-0.6 ml/min) were performed to optimize an 
effective chromatographic resolution of bisoprolol, triamterene, and IS. 
Various analytical columns such as Zorbax, Inertsil, Prodigy, Kromasil, 
Atlantis, and Hypersil were tested to obtained good and reproducible 
response within short run time. The resolution of peaks was best 
achieved with an isocratic mobile phase comprising acetonitrile 
and 2 mM ammonium formate in water (30:70, v/v) delivered at a 

Fig. 6: Mass fragmentation of internal standard (metoprolol)

Fig. 7: Typical multiple reaction monitoring chromatograms of bisoprolol (left panel) and internal standard (right panel) in dipotassium 
ethylenediaminetetraacetic acid human blank plasma

Fig. 8: Typical multiple reaction monitoring chromatograms of bisoprolol (left panel) and internal standard (IS) (right panel) in 
dipotassium ethylenediaminetetraacetic acid human blank plasma spiked with IS
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Fig. 9: Typical multiple reaction monitoring chromatograms of bisoprolol (left panel) and internal standard (IS) (right panel) in 
dipotassium ethylenediaminetetraacetic acid human blank plasma spiked bisoprolol at lower limit of quantitation (2.10 ng/ml) and IS

Fig. 10: Typical multiple reaction monitoring chromatograms of bisoprolol (left panel) and internal standard (IS) (right panel) in 
dipotassium ethylenediaminetetraacetic acid human blank plasma spiked bisoprolol at upper limit of quantitation (208.091 ng/ml) and IS

Fig. 11: Typical multiple reaction monitoring chromatograms of triamterene (left panel) and internal standard (right panel) in human 
blank plasma

Fig. 12: Typical multiple reaction monitoring chromatograms of triamterene (left panel) and internal standard (IS) (right panel) in 
human blank plasma spiked with IS
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flow rate of 0.6 ml/min. Welchrom XB C18 column (50 mm × 4.6 mm, 
5 µm) was found to be suitable for sharp and symmetric peak shapes 
among few other columns tested in the method optimization process. 
The injection volume was set at 10 µl since low injection volume was 
expected to result in increased ionization and decreased possible 
chemical noise.

The purpose of sample extraction optimization is mainly to achieve 
high extraction recovery with negligible or low matrix effects to 
improve sensitivity and reliability of LC-MS/MS analysis. A poor 

extraction procedure decreases method robustness due to the presence 
of endogenous interference in the sample extracts, which are not 
efficiently cleaned up due to poor extraction procedure decreases the 
method robustness due to the endogenous interference in the sample 
extracts. With time-saving advantage and simplicity, the protein 
precipitation extraction method was chosen as an extraction method. 
The attained LLOQ (2.11 ng/ml) was sufficient to quantify bisoprolol 
and triamterene in low-dose pharmacokinetic studies.

Mass spectroscopy
To optimize ESI conditions for bisoprolol, triamterene, and IS, 
quadrupole full scans were carried out both in positive and negative 
ion detection mode [14]. A good response was achieved in positive 
ionization mode. During a direct infusion experiment, the mass spectra 
for bisoprolol, triamterene, and IS revealed peaks at m/z 326, 254, 
and 268, respectively, as protonated molecular ions [M+H]+. Following 
detailed optimization of mass spectrometry conditions (provided in 
mass spectrometry operating conditions section), MRM reaction pair 
of m/z 326 precursor ion to the m/z 116 was used for quantification 
for bisoprolol and m/z 254 precursor ion to the m/z 237 was used for 
quantification for triamterene. Similarly, for IS MRM reaction, pair of m/z 
268 precursor ion to the m/z 116 was used for quantification purpose.

Recovery
One step protein precipitation extraction process proved to be robust 
and provided clean samples. The comparisons of plasma-extracted 
standards versus the neat solution spiked into post-extracted blank 
sample at equivalent concentration were estimated for bisoprolol and 
triamterene and IS.

Matrix effect
No significant signal suppression or enhancement was observed in 
the region of elution of bisoprolol and triamterene and IS. The results 
have shown that the precision and accuracy for analyzed samples were 
within acceptance range. Overall, it was found that there was no impact 
on the ionization of analyte and IS.

Fig. 13: Typical multiple reaction monitoring chromatograms of triamterene (left panel) and internal standard (IS) (right panel) in 
human blank plasma spiked with triamterene at lower limit of quantitation (2.10 ng/ml) and IS

Fig. 14: Typical multiple reaction monitoring chromatograms of triamterene (left panel) and internal standard (IS) right panel) in human 
blank plasma spiked with triamterene at upper limit of quantitation (210 ng/ml) and IS

Table 2: Intra‑ and inter‑day precision and accuracy 
determination of bisoprolol and triamterene quality controls in 

human plasma

Nominal concentration  
(ng/ml)

Mean±SD RSD Accuracy (%)

Intraday variation (6 replicates at each concentration)
Bisoprolol - 2.10 2.02±0.15 7.87 96.1
Triamterene - 2.12 1.89±0.12 6.13 89.1
Bisoprolol - 8.42 8.31±0.13 1.60 98.7
Triamterene - 8.17 7.81±0.26 3.28 95.6
Bisoprolol - 84.22 82.8±0.92 1.12 98.2
Triamterene - 81.74 82.9±1.21 1.46 101
Bisoprolol - 168.45 166±2.59 1.56 98.7
Triamterene - 163.49 167±2.56 2.51 102

Inter-day variation (18 replicates at each concentration)
Bisoprolol - 2.10 2.078±0.13 6.36 92.3
Triamterene - 2.12 2.05±0.15 7.34 93.1
Bisoprolol - 8.42 8.39±0.18 2.09 97.3
Triamterene - 8.17 8.05±0.25 3.13 95.8
Bisoprolol - 84.22 83.7±1.05 1.26 97.5
Triamterene - 81.74 82.1±1.35 1.65 99.1
Bisoprolol - 168.45 168±2.56 1.52 98.3
Triamterene - 163.49 165±2.80 1.70 101

RSD: Relative standard deviation (SD×100/mean). SD: Standard deviation
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Specificity and selectivity
No interfering peaks from endogenous compounds were observed at 
the retention times of bisoprolol, triamterene, and IS in the matrix. The 
specificity of the method was evaluated by analyzing human plasma 
samples from six different lots to investigate the potential interferences 
at the LC peak region for analytes and IS. Six replicates of LLOQ samples 
were prepared from the clean blank samples and analyzed and were 
found to be acceptable with precision (% CV) <5%.

CC
The plasma CC was constructed in the linear range using eight 
calibration standards (namely, 2.02, 4.08, 22.7, 37.8, 75.7, 126, 168, and 
210 ng/ml for bisoprolol and triamterene). The calibration standard 
curve had a reliable reproducibility over the standard concentrations 
across the calibration range.

Accuracy and precision
The assay values on both the occasions (intra- and inter-day) were 
found to be within the accepted limits.

Stability
The predicted concentrations for bisoprolol and triamterene at 8.17 and 
163 ng/ml deviated within ± 15% of the fresh sample concentrations 
in a battery of stability tests namely, in-injector (22 hrs), bench-top 
(7 hrs), and repeated four freeze/thaw cycles stability (Table 3). The 
results were found to be within the assay variability limits during the 
entire process.

Dilution effect
The dilution integrity was confirmed for QC samples that exceeded the 
upper limit of the standard CC (up to 7513 ng/ml). The results have 
shown that the precision and accuracy for 20 and 40 times diluted test 
samples were within the acceptance range (% CV values were between 
5.23 and 2.35 for both the dilutions).

CONCLUSION

In summary, a highly sensitive, specific, reproducible, and high-
throughput LC-MS/MS assay was developed and validated to quantify 
bisoprolol and triamterene in human plasma as per the regulatory 
guidelines. The present method involved a simple precipitation 
method of sample preparation, which gave consistent and reproducible 
recoveries. The sample volume requirement supports the possibility to 
study the full pharmacokinetic profile in individuals. Furthermore, the 
rationale for selecting the combination of bisoprolol and triamterene 
is justifiable. The use of beta-blockers and diuretics is well-established 
in the management of hypertension, and their combination leads to an 
additive blood pressure-lowering effect. Beta-blockers blunt increase in 
plasma renin level induced by diuretics, and diuretics decrease sodium 
and water retention caused by beta-blockers. Hence, the combination 

was taken up for developing a bioanalytical method development 
and validation so that further it would be useful for performing 
pharmacokinetic studies.
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Table 3: Stability data of bisoprolol and triamterene QCs in human plasma

Nominal 
concentration  
(ng/ml)

Stability Bisoprolol Triamterene

Mean±SDº
(n=6)

Accuracy (%)• Precision (% CV) Mean±SDº
(n=6)

Accuracy (%)• Precision (% CV)

Bisoprolol – 8.42
Triamterene – 8.17 

0 h 8.20±0.35 97.3 4.29 7.92±0.48 96.9 6.07

7 h (bench-Top) 8.24±0.19 97.9 2.36 8.15±0.34 99.7 4.20
22 h (in-injector) 8.37±0.22 99.3 2.60 8.06±0.33 98.6 4.14
3 FT cycles 8.34±0.31 98.9 3.73 8.02±0.30 98.1 3.69

Bisoprolol – 168.45
Triamterene – 163.49

0 h 164±2.17 97.4 1.32 162±3.90 99.2 2.40

7 h (bench-top) 159±12.5 94.5 1.38 163±4.28 99.9 2.62
22 h (in-injector) 163±2.25 96.8 7.87 163±1.71 99.5 1.05
3 FT cycles 163±1.94 96.9 1.19 162±3.53 98.9 2.18

ºBack-calculated plasma concentrations; •Mean assayed concentration/mean assayed concentration at 0 hrs × 100. FT: Freeze-thaw, SD: Standard deviation, QC: Quality 
control
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Introduction
Alogliptin (Figure 1), is 2-({6-[(3R)-3-aminopiperidin-1-yl]-3-

methyl-2, 4-dioxo-3, 4-dihydropyrimidin-1(2H)-yl} methyl) benzo 
nitrile and belongs to the class of  orally administered antidiabetic 
drugs. Alogliptin being a DPP-4(dipeptidyl peptidase-4) inhibitor 
quickly degrades incretin hormones and results in an imbalance of 
glucose and insulin homeostasis [1,2].

Voglibose (Figure 2), chemically is (1S,2S,3R,4S,5S)-5-(1,3-
dihydroxypropan-2-ylamino)-1-(hydroxymethyl)cyclohexane-1,2,3,4-
tetraol. It is an alpha-glucosidase inhibitor. Voglibose delays gut 
carbohydrates absorption and digestion [2,3].

Deng et al. reported an LC-ESI-MS for determination of Alogliptin 
in monkey plasma. Plasma aliquots were processed using ethyl acetate 
liquid-liquid extraction method [4]. In another study, Alogliptin 
and Metformin were simultaneously quantified. Chromatographic 
conditions included using Hypersil Gold column and gradient elution. 
Linearity was observed between 5 and 400 ng/ml. Precision and 
accuracy results were within the acceptable limits [5]. 

Numerous reported methods for Alogliptin quantification in 
human plasma are available either for single analyte or in combination 
with other drugs [6-11]. 

Analytical methods were also reported for Voglibose quantification 
using electrospray ionization in positive mode, establishing linearity at 
concentration of 25.0 ng/ml to 1200.0 ng/ml [12,13].

Miglitol (Figure 3) and Alogliptin D3 (Figure 4) both being 
azasugar analogs are being used as internal standards for Voglibose and 
Alogliptin respectively. 

Maximum of the reported methods were appropriate for single 
analyte determination and/or consumed a substantial quantity of 
plasma volume. Thus, the present study was taken up and reported. 
Sensitivity as well as specificity involving isocratic mode of elution and 
faster elution were the plus points of this study. This method can be 
further utilized successfully in human pharmacokinetic studies. 

No method similar to the present study has been reported for 
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Abstract
Sensitive LC-MS/MS (Liquid Chromatography Tandem Mass Spectrometric) Method for the Simultaneous 

Determination of Alogliptin and Voglibose in human plasma. A highly sophisticated and sensitive LC-MS/MS method 
has been developed and validated for the Alogliptin and Voglibose simultaneous determination in human plasma. 
Alogliptin D3 and Miglitol were used as IS (Internal standard). Protein precipitation extraction was followed for the 
analytes and IS. Chromatography conditions included an isocratic mobile phase composing of 5 mM Ammonium 
formate: Acetonitrile in the ratio 50:50 v/v. The column used was Welchrom XB C18, with specifications of 50 × 
4.6 mm, 5 µm, at a flow rate of 0.70 ml/min. The retention time of Alogliptin, Voglibose, Alogliptin D3 and Miglitol 
occurred at ~1.03, 0.8, 0.8 and 0.81 min respectively and the total chromatographic run time was 3.0 min. Alogliptin 
and Voglibose achieved a linear response function in human plasma at 5.09-509 ng/mL and 2.03-203 ng/mL 
respectively. Alogliptin and Voglibose achieved an intra and inter-day accuracy and precision in the range of 0.94-
4.35 and 0.91-3.89%; 1.41-10.8 and 1.90-7.75% respectively. The method was strictly validated according to the 
ICH guidelines. The results obtained from this study can be significantly utilized for developing full pharmacokinetic 
profiling in individuals.

Sensitive LC-MS/MS Method for the Simultaneous Determination of 
Alogliptin and Voglibose in Human Plasma
Hemavathi G* and Hipparagi SM
Department of Pharmaceutical Chemistry, KLE’s College of Pharmacy, Bangalore, Karnataka, India

Figure 1: Structural representation of Alogliptin.

Figure 2: Structural representation of Voglibose.
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simultaneous determination of Alogliptin and Voglibose by LC-MS/
MS. The proposed method is validated as per guidelines [14].

Experimental
Chemicals and reagents 

Alogliptin (purity 99.3%) and IS - Alogliptin D3 were procured 
from Clearsynth, India. Voglibose (purity 99.2%) and Miglitol were 
purchased from Sigma-Aldrich. India. Acetonitrile and Methanol 
(HPLC grade) were purchased from J T Baker, India. Analytical 
grade Ethyl acetate and Formic acid were purchased from Merck 
and Spectrochem, India respectively. DMSO (Dimethyl sulfoxide) 
and Phenacetin were procured from Sigma-Aldrich, India. All other 
chemicals and reagents were of analytical grade. Microcaps® Disposable 
Micropipettes (50 µL, catalog number: 1-000-0500) were purchased 
from Drummond Scientific Company, USA. The control human 
K2EDTA (Di-Potassium Ethylene Diamine Tetra Acetic acid) plasma 
samples were obtained from Red Cross society, Bangalore.

Instrumentation and chromatographic conditions

A Shimadzu HT (Shimadzu, Japan) LC system accommodating 
an auto-sampler, degasser and binary pump was used as potential 
part of instrumentation. Aliquots measuring 10 µL were injected on 
Welchrom XB C18 column with specifications of 50 × 4.6 mm, 5 µm. 
The Column Oven Temperature was fixed at 40 ± 1°C. The mobile 
phase included Acetonitrile and 5 mM Ammonium formate mixed in 
the ratio 50:50 v/v. This isocratic mobile phase was filtered using a 0.45 
µm membrane filter (Millipore, USA or equivalent). The filtered mobile 
phase was then degassed by ultra-sonication for 5 min. The mobile 
phase was controlled at a flow rate of at 0.700 ml/min directed to the 
mass spectrometer electro spray ionization chamber.

The analytes Voglibose and Alogliptin along with the IS were 
detected by MS/MS detection set in positive ion mode. To achieve 
the quantification, MDS Sciex, API-4000 Mass spectrometer provided 
with a Turbo ion spray interface was used as the instrumentation. 
Temperature was maintained at 500°C and ion spray voltage of 5500 V 
was fixed. The source parameters were maintained at pressure of 50 psi 
(GS1) and 60 (GS2) psi.

The compound parameters viz., DP (declustering potential), EP 

(entrance potential), CE (collision energy) and CXP (collision cell exit 
potential) were 95, 10, 45 and 10 V for Alogliptin; 95, 10, 50 and 10 V 
for Alogliptin D3 (IS) and 60, 10, 32 and 16 V for Miglitol (IS) and 60, 
10, 28 and 12 V for Voglibose respectively.

For detection of ions, the process of Multiple Reaction Monitoring 
(MRM) mode was used. For the analyte Alogliptin, the transition 
witnessed for Precursor ion to product ion was found to be m/z 340.30 
to m/z 116.10; for Voglibose m/z 268.20 (Precursor ion) to the m/z 92.10 
(Product ion), for IS (Alogliptin D3) m/z 344.30 (Precursor ion) to the 
m/z 166.10 (Product ion) and for IS (Miglitol) m/z 208.20 (Precursor 
ion) to the m/z 146.2 (Product ion). Quadrupole Q1 and Q3 were set on 
unit resolution. The dwell time was set as 200 msec. The analytical data 
were processed by Analyst software (version 1.4.2).

Standard solutions

The analytical micro balance was used to accurately weigh 
Alogliptin, Voglibose and IS (Alogliptin D3 and Miglitol). The primary 
stock solutions of Alogliptin, Voglibose and IS solution were prepared 
at 1212, 1267 and 1000 µg/mL, respectively in Methanol. The stock 
solutions were stored at a temperature of -20°C. The stock solutions 
were found to be stable for one month. Methanol: water (50:50 v/v) 
diluent was used to prepare the secondary stock solutions and working 
solutions were prepared by diluting the Alogliptin and Voglibose stock 
solutions. For constructing the calibration curve (CC), the working 
solutions and secondary stock solutions were used. All the solutions 
were stored at 4°C for a week. Working stocks were used to prepare 
plasma calibration standards. The concentration of 150 ng/mL working 
Internal Standard solution was prepared using the Methanol: water 
(50:50 v/v) diluent. The blank plasma was screened prior to spiking to 
check for the endogenous interference at retention times of analytes 
and IS. Concentrations of 5.09-509 ng/mL and 2.03-203 ng/mL for 
Alogliptin and Voglibose respectively were used to prepare eight-
point calibration standards samples by spiking the blank human 
plasma with appropriate concentration of Alogliptin and Voglibose. 
At appropriate concentrations (5.25 and 2.11 ng/mL LLOQ (lower 
limit of quantitation), 25.0 and 10.0 ng/mL LQC (low quality control) 
Alogliptin and Voglibose, 200 and 83.6 ng/mL MQC (medium quality 
control) and 400 and 152 ng/mL HQC (high quality control) for 
Alogliptin and Voglibose respectively). Accuracy and precision were 
prepared by spiking the controlled human plasma. Plasma aliquots of 
volume 250 µL were introduced into the Radio Immuno Assay vials 
which were pre-labelled and preserved at a temperature of -80 ± 10°C.

Sample preparation

Following protein precipitation extraction method, Alogliptin and 
Voglibose were extracted from K2EDTA human plasma. Plasma sample 
(200 µl) was taken into respectively labeled RIA vial and vortexed. To it 
100 µl of Milli-Q water was added and vortexed. 50 µL of IS was added 
except blank. Acetonitrile (800 µL) was added and vortexed for 2 min 
and then centrifuged at 5000 rpm for 5 min. Following centrifugation 
~500 µL supernatant was aliquoted and transferred into labeled RIA 
vials and placed in the auto sampler at 10°C ± 4°C. 10 µL was injected 
onto LC-MS/MS system for analysis.

Method validation

A full validation procedure for the assay in K2EDTA human plasma 
was performed according to the ICH guidelines [14]. 

Specificity and selectivity

At least six dissimilar lots of K2EDTA blank human plasma samples 

Figure 3: Structural representation of Alogliptin D3 (Internal Standard).

Figure 4: Structural representation of Miglitol (Internal Standard).
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Stability experiments

Stability tests were performed to assess the stability of Alogliptin 
and Voglibose in human plasma samples under diverse conditions. At 
each level for LQC and HQC samples, six replicates were used for the 
following stability parameters:

1. Bench top stability (8 hours), 

2. Auto-sampler stability (26 hours at 10°C), 

3. Freeze Thaw stability completed for three cycles,

4. Long-term stability done for 30 days at -80 ± 10°C.

The acceptance criteria for the analytical runs include the following: 
(i) the accuracy values must lie within 85-11 5% of the nominal 
concentration for 67% of the QC samples and (ii) not less than 50% of 
QC concentration at individual level must fall within the acceptance 
criteria [14].

Dilution integrity

Dilution integrity (DI) was examined to confirm that samples could 
be diluted with blank matrix without disturbing the final concentration. 
It is the test executed for those study sample concentrations which 
overpassed the ULOQ (upper limit of quantitation). Alogliptin 
and Voglibose spiked human plasma samples were prepared at two 
concentrations (168 and 336 ng/ml) of Alogliptin and Voglibose and 
were diluted with pooled human blank plasma at dilution factors of 
2T and 4T in six replicates and analyzed. The back-calculated standard 
concentrations had to comply to have both precision of <15% and 
accuracy of 100 ± 15% similar with other QC samples (1). The criteria 
for acceptance of the analytical runs encompassed the following: 67% 
of the Quality Control samples accuracy must be within ± 15% of the 
nominal concentration and at each Quality Control concentration level 
not less than 50% must meet the acceptance criteria [14].

Results and Discussion
Results

Alogliptin, Voglibose and IS eluted at ~1.03, 0.8, 0.80 and 0.81 min, 
respectively. During a direct infusion experiment, the mass spectra for 
Alogliptin, Voglibose and IS revealed peaks at m/z 340, 268, 344 and 
208 respectively as protonated molecular ions (M+H) +. 

Succeeding the complete optimization of mass spectrometry 
settings, MRM reaction pair of m/z 340.30 precursor ion to the m/z 
116.10 was used for quantification for Alogliptin; m/z 268.20 precursor 
ion to the m/z 92.10 was used for quantification for Voglibose. Similarly, 
for IS MRM reaction pair of m/z 344.30 precursor ion to the m/z 116.10 
for Alogliptin D3 and m/z 208 precursor ions to the m/z 146.20 for 
Miglitol was used for quantification purpose. The fragmentation 
pattern of Alogliptin, Voglibose, Alogliptin D3 and Miglitol are shown 
in Figures 5-8. 

Table 1 shows the mean recovery for Alogliptin and Voglibose at 
LQC and HQC. The recovery of IS was 54.6%.

The results have shown that the precision and accuracy for analyzed 
samples were within acceptance range (Table 1).

Figures 9-12 shows chromatograms for the blank human plasma 
(free of analytes and IS), blank human plasma along with IS; blank 
human plasma spiked with Alogliptin at LLOQ concentration along 
with IS; blank human plasma spiked with Alogliptin at ULOQ 
concentration along with IS. 

were analyzed to examine the interferences at the retention time of 
analytes and IS. In order to meet the acceptance criterion, minimum of 
four lots out of six lots in the same matrix should have an area response 
of <20% compared to that of the LLOQ level response.

In addition to ensuring specificity against potential biological 
interferences, two lots of hemolyzed plasma were analysed.

Recovery

The extraction efficiency of analytes and IS from human plasma 
was determined by comparing the analytes extracted from replicate 
QC samples (n=6) responses with that of neat standard solutions which 
were spiked in post extracted human plasma blank sample at equivalent 
concentrations extracted by using protein precipitation method. Single 
concentration was used to determine recovery of IS whereas in case of 
analytes (Alogliptin and Voglibose), the recovery was determined at 
LQC as well as HQC concentrations.

Matrix effect

Matrix effect was determined by assessing the effect of matrix i.e., 
the human plasma constituents over the ionization of analytes and IS 
by following post-column infusion method [15]. A constant amount 
of analyte into LC system outlet entering to mass spectrometer inlet is 
delivered by the infusion pump. The mass spectrometer was operated in 
MRM mode. Sample extracts was injected on LC column under similar 
chromatographic condition. A steady ion response was obtained as a 
function of time. Any endogenous compound eluted from the column 
and causing a variation in ESI (electro spray ionization) response of 
the infused analyte was perceived as a suppression or enhancement 
of infused analyte response. At a constant rate the analytes and IS 
solutions were infused. Blank matrix sample was injected through 
the LC. Six different lots of human plasma samples were spiked with 
analyte concentration levels at concentrations of LQC and HQC levels 
to evaluate matrix effect in addition to post-column infusion method. 
The acceptance criteria were ± 15% deviation from the nominal value 
for each back-calculated concentration [14]. 

Calibration curve

The eight-point calibration curve for the analytes (Alogliptin and 
Voglibose) at concentration range of 2.02-510 ng/ml was constructed. 
This was achieved by plotting the peak area ratio of each analyte: IS 
against the calibration standards nominal concentration in K2EDTA 
human plasma. The results were fit into linear regression analysis 
with the use of 1/X2 (X: concentration) weighing factor. The Expected 
correlation coefficient (r) was 0.99 or better for the calibration curve. 
85-115% accuracy from the nominal value except at LLOQ, set at 80-
120% was considered as the acceptance criteria for each back-calculated 
standard concentration [14].

Precision and accuracy

The intra-assay precision and accuracy were estimated by analyzing 
six replicates containing Alogliptin and Voglibose at four different QC 
levels (5.28 ng/mL (LLOQ), 24.20 ng/mL (LQC), 184.26 ng/mL (MQC) 
and 370.06 ng/mL (HQC) for Alogliptin and 2.10 ng/mL (LLOQ), 
8.42 ng/mL (LQC), 84.2 ng/mL (MQC) and 168 ng/mL (HQC) for 
Voglibose) in human plasma. Similarly, inter-assay precision was 
determined by analyzing the four level QC samples on four different 
runs. 85-115% accuracy from the nominal value except at LLOQ, set 
at 80-120% was considered as the acceptance criteria for each back-
calculated standard concentration [14].
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Similarly, Figures 13-16 shows chromatograms for the blank human 
plasma (free of analytes and IS), blank human plasma along with IS; 
blank human plasma spiked with Voglibose at LLOQ concentration 
along with IS; blank human plasma spiked with Voglibose at ULOQ 
concentration along with IS. 

The retention time of Alogliptin, Voglibose and IS were ~1.03, 
0.80 and 0.80 min, respectively. The total chromatographic run time 
achieved was 3.0 min.

Figure 5: Mass fragmentation of Alogliptin.

Figure 6: Mass fragmentation of Voglibose.

Concentration ng/mL Mean recovery (%) Mean
 ± SD (n=6)

Mean absolute matrix effect
Mean ± SD (n=6)

LQC
 Alogliptin – 25.0 53.9 ± 2.43 102 ± 1.89
Voglibose – 10.0 60.4 ± 4.17 101 ± 1.72

HQC
Alogliptin - 400 50.9 ± 1.20 102 ± 1.08
Voglibose - 152 62.8 ± 1.68 100 ± 1.53

Table 1: Recovery and matrix data for Alogliptin and Voglibose.
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In the calibration range, a worthy reproducibility over the standard 
concentrations was observed for the calibration standard curve. An 
average regression (n=3) value >0.990 was obtained for the both the 
analytes (Voglibose and Alogliptin). LLOQ was considered as the 
lowest concentration with RSD <20% and was found to be 5.25 ng/
mL and 2.11 ng/mL for Alogliptin and Voglibose respectively. The % 
accuracy observed for the mean of back-calculated concentrations for 
three calibration curves for Alogliptin and Voglibose was within 51.0 
- 63.0; while the precision (% CV) values ranged from 0.40-6.92 and 
1.13-8.38 respectively.

Accuracy and precision data for intra- and inter-day plasma 
samples for Alogliptin and Voglibose are presented in Table 2.

The predicted concentrations for Alogliptin and Voglibose at 
LQC and HQC levels deviated within ± 15% of the fresh sample 
concentrations in a battery of stability tests viz., in-injector (22 h), 
bench-top (7 h) and repeated four freeze/thaw cycle’s stability (Table 
3). The results were found to be within the assay variability limits 
during the entire process.

Figure 7: Mass fragmentation of IS (Alogliptin D3).

Figure 8: Mass fragmentation of IS (Miglitol).
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Figure 9: Typical MRM chromatograms of Alogliptin (left panel) and IS (right panel) in K2EDTA Human blank plasma.

Figure 10: Typical MRM chromatograms of Alogliptin (left panel) and IS (right panel) in K2EDTA Human blank plasma spiked with IS.

Figure 11: Typical MRM chromatograms of Alogliptin (left panel) and IS (right panel) in K2EDTA Human blank plasma spiked Alogliptin at LLOQ (2.10 ng/ml) and IS.

Figure 12: Typical MRM chromatograms of Alogliptin (left panel) and IS (right panel) in K2EDTA Human blank plasma spiked Alogliptin at ULOQ (208.091 ng/ml) and IS.

Figure 13: Typical MRM chromatograms of Voglibose (left panel) and IS (right panel) in human blank plasma.

Figure 14: Typical MRM chromatograms of Voglibose (left panel) and IS (right panel) in human blank plasma spiked with IS.
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Figure 15: Typical MRM chromatograms of Voglibose (left panel) and IS right panel) in human blank plasma spiked with Voglibose at LLOQ (2.10 ng/ml) and IS.

Figure 16: Typical MRM chromatograms of Voglibose (left panel) and IS right panel) in human blank plasma spiked with Voglibose at ULOQ (210 ng/ml) and IS.

Intra-day variation (Six replicates at each concentration)
Nominal

concentration (ng/mL) Mean ± SD RSD Accuracy
(%)

Alogliptin – 5.25 4.70 ± 0.20 4.35 89.5
Voglibose – 2.11 1.87 ± 0.20 10.8 89.0
Alogliptin – 25.0 22.8 ± 0.69 3.02 91.0
Voglibose – 10.0 9.47 ± 0.29 3.11 94.4
Alogliptin – 200 179 ± 2.21 1.23 89.7

Voglibose – 83.6 75.7 ± 1.26 1.66 90.6
Alogliptin – 400 361 ± 3.38 0.94 90.3
Voglibose - 152 141 ± 1.99 1.41 92.5
Inter-day variation (Eighteen replicates at each concentration)
Alogliptin – 5.25 4.99 ± 0.19 3.89 95.0
Voglibose – 2.11 1.99 ± 0.15 7.75 94.6
Alogliptin – 25.0 23.4 ± 0.51 2.21 93.5
Voglibose – 10.0 9.37 ± 0.25 2.62 93.4
Alogliptin – 200 181 ± 2.54 1.41 90.3

Voglibose – 83.6 76.1 ± 1.45 1.90 91.1
Alogliptin – 400 363 ± 3.30 0.91 90.8
Voglibose - 152 141 ± 2.89 2.05 92.9

RSD: Relative standard deviation (S.D × 100/Mean)
Table 2: Intra- and inter-day precision and accuracy determination of Alogliptin and 
Voglibose quality controls in human plasma.

Discussion
Liquid chromatography

Liquid Chromatographic separation of Alogliptin has been 
carried out using various combinations of mobile phases consisting 
of different aqueous solutions and methanol or acetonitrile as 
the organic phase [16]. Methanol when used as organic mobile 
phase, achieved shorter retention times and better resolution of 
Alogliptin [17]. 

In the present study optimization and critical evaluation of buffer, 
mobile phase composition, flow-rate and analytical column were 
important to obtain good resolution of peaks of interest from the 
endogenous components, which in turn affect reproducibility and 
sensitivity of the method. 

Selection of chromatographic conditions for the proposed method 
was optimized to suit the preclinical pharmacokinetic studies. We have 
kept the plasma volume (200 µL) in order to lower usage of solvent 
and ease in sample preparation in micro tubes. Initial feasibility 
experiments of a various mixture(s) of solvents such as Acetonitrile 
and Methanol using different buffers such as Ammonium acetate, 
Ammonium formate and formic acid along with altered flow-rates 
(in the range of 0.1-0.5 mL/min) were performed to optimize an 
effective chromatographic resolution of Alogliptin, Voglibose and 
IS. Various analytical columns (Zorbax, Inertsil, Prodigy, Kromasil, 
Atlantis, Hypersil etc.) were tested to obtained good and reproducible 
response with short run time. The resolution of peaks was best achieved 
with an isocratic mobile phase comprising acetonitrile and 2mM 
Ammonium formate in water (50:50 v/v) delivered at a flow rate of 
0.70 mL/min. Welchrom XB C18 column (50 × 4.6 mm, 5 µm) was 
found to be suitable for sharp and symmetric peak shapes among few 
other columns tested in the method optimization process (data not 
shown). Alogliptin, Voglibose and IS eluted at ~1.03, 080 and 0.81 min, 
respectively. The injection volume was set at 10 µL, since low injection 
volume was expected to result in increased ionization and decreased 
possible chemical noise. 

The purpose of sample extraction optimization is mainly to achieve 
high extraction recovery with negligible or low matrix effects in order 
to improve sensitivity and reliability of LC-MS/MS analysis. The 
presence of endogenous interference in sample extracts, due to poor 
extraction procedure which is not efficiently cleaned up, decreases 
method robustness. With time-saving advantage and simplicity, the 
protein precipitation extraction method was chosen as an extraction 
method. The attained LLOQ is sufficient to quantify Alogliptin and 
Voglibose in low dose for pharmacokinetic studies.

Mass spectroscopy

Quadrupole full scans were carried out both in positive and 
negative ion detection mode to optimize electro spray ionization (ESI) 
conditions for the analytes and IS. and found that Worthy response 
was attained in positive ionization mode. MRM reaction pair of m/z 
(mass to charge ratio) 340.30 precursor ion to the m/z 116.10 was 
used for quantification for Alogliptin; m/z 268.20 precursor ion to the 
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m/z 92.10 was used for quantification for Voglibose. Similarly, for IS, 
MRM reaction pair of m/z 344.30 precursor ion to the m/z 116.10 for 
Alogliptin D3 and m/z 208 precursor ions to the m/z 146.20 for Miglitol 
was used for quantification purpose. The fragmentation pattern of 
Alogliptin, Voglibose and IS are shown in Figures 5-8.

Recovery

One step protein precipitation extraction process proved to be 
robust and provided clean samples. The comparisons of plasma-
extracted standards versus the neat solution spiked into post extracted 
blank sample at equivalent concentration were estimated for Alogliptin 
and Voglibose and IS.

Matrix effect

No significant matrix effect was observed in the region of elution 
of Alogliptin and Voglibose and IS. The results have shown that the 
precision and accuracy for analyzed samples were within acceptance 
range. Overall it was found that there was no impact on the ionization 
of analyte and IS.

Specificity and selectivity

Figures 9 and 11 shows chromatograms for the blank human 
plasma (free of analytes and IS), blank human plasma spiked with 
Alogliptin at LLOQ concentration. Similarly, Figures 13 and 15 
shows chromatograms for the blank human plasma (free of analytes 
and IS), blank human plasma spiked with Voglibose at LLOQ level. 
At the retention times of Alogliptin, Voglibose and IS, no interfering 
peaks from endogenous compounds were observed in the matrix. The 
specificity parameter was performed in order to determine the potential 
interferences for analytes and IS at the peak region using human plasma 
samples from six dissimilar lots. Cleanest blank samples were used to 
prepare six replicates of LLOQ samples. The analyzed samples were 
found to be acceptable with precision (% CV) resulting less than 10%.

Calibration curve

The plasma calibration curve was constructed in the linear range 
using eight calibration standards (viz., 2.03, 4.05, 21.9, 36.5, 73.0, 122, 
162 and 203 ng/mL for Alogliptin and 5.09, 10.2, 55.0, 91.6, 183, 305, 
407 and 509 ng/mL for Voglibose). A reliable reproducibility over the 
standard concentrations across the calibration range was observed for 
the calibration standard curve.

Accuracy and precision

The assay values on both the occasions (intra- and inter-day) were 
found to be within the accepted limits.

Stability

The predicted concentrations for Alogliptin and Voglibose at 8.17 
and 163 ng/ml deviated within ± 15% of the fresh sample concentrations 
in a battery of stability tests viz., in-injector (22 h), bench-top (7 h) and 
repeated four freeze/thaw cycles stability (Table 3).

Dilution effect

The dilution integrity parameter was determined for those quality 
control samples that outwent the upper limit of the standard calibration 
curve. 8 and 16 times dilutions of test samples were found to have 
precision and accuracy within the acceptance range (% CV values were 
between 5.23 and 2.35 for both the dilutions). 

Conclusion
In summary, a highly sensitive, specific, reproducible and high-

throughput LC-MS/MS assay was developed and validated to quantify 
Alogliptin and Voglibose in human plasma as per the regulatory 
guidelines. The present method involved a simple sample preparation 
method, which gave consistent as well as reproducible recoveries. The 
study fulfills the requirement of supporting the possibility to study 
the full pharmacokinetic profile in individuals. Also, the rationale for 
selecting the combination of Alogliptin and Voglibose is justifiable. The 
combination therapy of DPP-4 inhibitors and α-glucosidase inhibitors 
is well established in suppressing postprandial hyperglycemia and 
highly effective [18]. Combined treatment with α-glucosidase inhibitor 
strongly inhibits the early phase of postprandial hyperglycemia and 
DPP-4 can yield complementary and synergistic effects and therefore 
represent a better anti-hyperglycaemic therapy [19,20]. Hence the 
combination was taken up for developing a bioanalytical method 
development and validation so that further it would be useful for 
performing pharmacokinetic studies.
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The prevalence of diabetes is rapidly rising all over the globe at an 
alarming rate. In India, more than 61.3 million people have been pres-
ently diagnosed with type 2 diabetes mellitus. It is possible to control 
the circulating blood glucose levels by reducing life style risk factors 
through physical activities comprising of muscle stretches, aerobic 
training, resistance exercises (REs), yoga, etc. The aim of this study is to 
identify and compare the immediate effect of passive static stretching 
(PSS) versus RE on blood glucose level in individuals with type 2 diabe-
tes mellitus. The present study included 51 participants between the 
age of 40–65 years with type 2 diabetes mellitus, to study the immediate 
effect of 60-min PSS (n= 25) and 60-min RE (n= 26). The outcome mea-
sure was blood glucose level which was checked by glucometer (free-
style neo). Blood sugar was assessed at 3 points of time that included 

fasting blood sugar level, 2 hr after the meal and immediately after the 
exercise regimen. Results of this study showed significant reduction in 
blood glucose level in subjects according to glucometer with PSS 
(P= 0.000) and RE (P= 0.00). However, both groups demonstrated equal 
effect in terms of lowering blood sugar level immediately after the exer-
cise. The conclusion is both PSS and RE are effective in reducing post-
prandial blood glucose level in type 2 diabetes mellitus and must be 
prescribed for the patients who demonstrate difficulty in controlling 
post prandial spike. 

Keywords: Type 2 diabetes mellitus, Exercise prescription, Resistance 
exercise, Passive stretching, Blood glucose level  

INTRODUCTION

Diabetes mellitus (DM) is characterized by chronic hypergly-
caemia with disturbances of carbohydrate, fat and protein metab-
olism resulting from defects in insulin secretion, insulin action or 
both. The effects of DM include long-term damage, dysfunction 
and failure of various organs, especially the kidneys, eyes, heart 
and blood vessels (Khan et al., 2005). The prevalence of diabetes 
is rapidly rising all over the globe at an alarming rate. Diabetes is 
gaining the situation of a serious epidemic in India with more 
than 61.3 million diabetic individuals presently diagnosed with 
the disease (Kaveeshwar and Cornwall, 2014). 

DM can be classified into two categories namely, type 1 and 
type 2. Type 1 DM is also known as juvenile diabetes and it is a 

disease of absolute insulin deficiency characterized by beta cell 
failure. Type 2 DM is also called as adult-onset diabetes, which 
involves relative insulin deficiency and is characterized by a com-
bination of three main metabolic problems - decreased beta cell 
function with reduced insulin production, insulin resistance in the 
peripheral tissues, and increased hepatic glucose production. 
Among the people with diabetes, 90% to 95% have type 2 DM 
(Oyos and Barkley, 2012).

There are various treatment options that are available for DM 
that include mainly oral and intra venous drugs. Recent literature 
has successfully proved that various physical activities and exercis-
es have an impact in reducing blood glucose levels (Oyos and Bar-
kley, 2012). American College of Sports Medicine and American 
Diabetes Association recommend aerobic training for at least 150 
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min per week and additionally resistance training at a minimum 
of 2–3 days per week parallel with pharmacology treatment (Park, 
2015). It is possible to control circulating blood glucose levels by 
reducing life style risk factors through physical activities such as 
muscle stretching, aerobic training, yoga, resistance exercises 
(REs), etc. by improving tissue sensitivity to insulin (Mårdberg 
and Hasselgren, 2014; Metgud and Tamboli, 2014; Nelson et al., 
2011; Park, 2015). During exercise, glucose uptake in striated 
muscles increases remarkably thus strategically reducing glucose 
levels in the body (Canadian Diabetes Association Clinical Prac-
tice Guidelines Expert Committee et al., 2013; Cauza et al., 
2005; Solomen et al., 2015).

Static stretching involves holding a muscle in a challenging but 
comfortable position for 30 sec without moving the extremity 
during the stretch. It can be performed either actively or passively. 
Active stretching is performed by the subject independently 
whereas passive stretching involves a stretch applies by the thera-
pist or any other external force. Static passive stretching may be 
more advantageous and beneficial for individuals with type 2 DM 
who may not be able to perform regular physical activities due to 
secondary complications such as, neuropathies, hypertension, and 
limb amputation, etc. (Solomen et al., 2015). Passive static stretch-
ing (PSS) will cause sustained tension in the muscle through the 
external force applied. It effectively has the benefit of exercising 
without any physical stress. Previous studies have shown its benefit 
in increasing cellular glucose uptake thus it can be effectively pre-
scribed in individuals with type 2 DM (Cheng and Kujala, 2012; 
Nelson et al., 2011; Park, 2015). A study was done to investigate 
the effect of twenty minutes of passive stretching in lowering 
blood glucose level and the study revealed that passive stretching 
is an effective intervention for reducing blood glucose level in indi-
viduals with type 2 DM (Nelson et al., 2011).

RE is a physical activity involving brief repetitive exercise with 
weights, weight machines, resistance bands or own body weights 
(e.g., push-ups) to increase muscle strength (Canadian Diabetes 
Association Clinical Practice Guidelines Expert Committee et al., 
2013; Solomen et al., 2015). Resistance training results in in-
creased strength and enlarged muscle mass and has also been de-
scribed to improve insulin sensitivity and glycaemic control (Col-
berg et al., 2010; Sigal et al., 2007). Various studies have already 
found that resistance training is a useful intervention to reduce 
blood glucose levels in type 2 DM thus being an alternative form 
of exercise for individuals with type 2 DM (Thomas et al., 2006). 
A study was conducted to identify whether resistance training or 
aerobic exercise lowers glycosylated hemoglobin (HbA1c) level in 

adults with type 2 DM which concluded that RE has a better im-
pact on HbA1c level in  type 2 DM (Sigal et al., 2007).

Ample scientific data exists where long term effects of different 
forms of exercises (for example 6 weeks, 8 weeks, 12 weeks of ex-
ercise training) demonstrated a strong positive reduction in HbA1c 
values. However, the main problem with type 2 DM patients in-
cludes a spike or sudden rise of blood sugar levels 1–2 hr post-
prandial. There is a need to the study the effect of exercises during 
this postprandial period, whether it has any immediate effect in 
controlling the sudden spike of blood glucose level which can be 
determined by quantifying these levels before and after the exer-
cise. To the best of the literature search we found a study proved 
the effect of 20 min of passive stretching in  lowering glucose lev-
els in an at risk population. However, there are no comparative 
studies to find out whether PSS or resistance training is more ef-
fective in immediate reduction of blood sugar level in postprandi-
al period in patients with type 2 DM. Therefore, the present study 
was conducted to evaluate and compare the immediate effect of 
PSS versus RE on postprandial blood sugar level.  

 

MATERIALS AND METHODS

Study design and setting
The study was a double-blinded randomized controlled trial. 

The assessor who assessed for blood sugar level was blinded from 
the group to which subject was allotted and the therapist who 
gave intervention was blinded from the values of outcome mea-
sure. The study was conducted at a tertiary care centre in Belagavi 
city, Karnataka, India. Ethical clearance was obtained from the In-
stitutional Ethical Committee. A written informed consent was 
taken from the subjects before the intervention. 

Sampling technique
A total of 83 participants with known cases of diabetes were as-

sessed for eligibility to participate in the study. Fifty-one subjects 
who met the inclusion and exclusion criteria were randomly as-
signed with concealed allocation to one of the treatment groups: 
PSS group (n=25) and RE group (n=26) (Fig. 1). The subjects 
randomly chose one of the two labelled and sealed envelopes to 
determine their group allocation. The sample size was calculated 
using formula n=2(zα+zβ)2×S2/d2, where zα is z value for α error 
that is 1.96, zβ is 0.84 with power 80%. S2 is the average stan-
dard deviation of blood sugar level form the reference article and d 
is the mean difference from the reference article. 
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Participants
This interventional study included 51 subjects (a) between the 

age group of 40–65 years (b) diagnosed with type 2 DM for more 
than 4 years (c) who were on oral hypoglycaemic drugs (d) who 
have sedentary lifestyle, and (e) had recent baseline HbA1c value of  
greater than 6.6%. The study excluded subjects with (a) restricted 
physical activity due to any recent fractures of the limb, (b) pre-ex-
isting disease or medical condition that made their participation 
inadvisable, and (c) those who were undergoing insulin therapy or 
any exercise program.

Outcome measure
Blood sugar level was analysed using a hand held glucometer 

from a finger prick drop of blood. The assessment of blood sugar 
levels was done three times for each subject during the study. First-
ly, values were obtained for fasting blood sugar (FBS) levels/baseline, 
then 2 hr after the meal (postprandial) i.e., pre-exercise level and 
lastly immediately after the regimen/postexercise level (60 min).

Intervention
The subjects in PSS and RE groups were assessed for fasting 

blood glucose level using a glucometer (Freestyle Neo) and the 

exercise regimen was carried out 2 hr after the meal according to 
their allocated group. Pre- and postexercise blood glucose levels 
were measured and documented. The exercise regimen consisted 
of 10-min warm up phase, 40-min intervention phase and 10 min 
of cool down phase. The muscle groups targeted for intervention 
were same in both the groups to avoid confounding factor if any.

PSS was performed as previous method (Nelson et al., 2011; 
Park, 2015).

The interventions were carried out on four muscles of the upper 
body and lower body bilaterally which included Trapezius, Biceps 
brachii, Triceps brachii, Pectoralis Major and Quadriceps, Ham-
strings, Calf muscles, Glutei respectively. PSS was performed with 
30-sec hold and 10-sec rest period. In each instance, the therapist 
received verbal acknowledgement about the stretch felt by the 
participants. 

RE was performed as previous method (Cheng and Kujala, 
2012; National Strength and Conditioning Association, 2008).

REs were performed with weight machines, dumbbells and 
theraband. The intensity of resistance was determined by testing 
the 10-repetition maximum of each subject. Accordingly, the 
subjects were asked to perform three sets of the exercise with 10 
repetitions per set along with a rest period of 30 sec between the 
sets for each muscle. The muscles selected for the exercise were 
similar to the stretching group. 

Statistical analysis
The statistical analysis was done by using IBM SPSS Statistics 

ver. 23.0 (IBM Co., Armonk, NY, USA). Normality of the data was 
checked by using Shaprio–Wilk test, which indicated the data fol-
lows normal distribution with 95% of confidence. Hence, the para-
metric test of significance of paired sample t-test was performed for 
intra- and intergroup comparisons. Descriptive analysis was used to 
calculate mean and standard deviation. Value of P<0.05 was con-
sidered statistically significant at 5% level of significance.

RESULTS 

In the present study, 51 subjects who were eligible participated 
in the study. Twenty-five subjects underwent PSS whereas 26 un-
derwent resistance training. 

There was no statistically significant difference observed in the 
demographic characteristics (Table 1). The baseline FBS level and 
HbA1c values indicate fair to poor control of diabetes in all the 
subjects. The body mass index (BMI) of the subjects also shows to 
be on higher side, which indicates the subjects to fall under obese 

Fig. 1. Flow diagram of the study. 

83 Assessed for eligibility

51 Randomized

25 Passive static stretching group 26 Resistance exercise group

Fasting blood sugar assessment

Blood sugar assessment 2 hr after the meal/pre-exercise

Blood sugar assessment immediately after exercise/postexercise

25 Analysed 26 Analysed

32 Excluded 
Not met inclusion criteria
-18 Individuals on insulin therapy
-  5 Who are already undergoing 

exercise programme
- 1 Upper limb facture
- 8 Cardiac problems
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class according to World Health Organization classification.
On pair wise comparison for both the groups, blood sugar levels 

demonstrated statistical significant difference between FBS level 
and postprandial/pre-exercise (P<0.000). Thus, it can be inferred 
that the blood sugar levels had increased significantly 2 hr after 
the meal or pre-exercise levels compared to FBS values. Further, 
the results revealed significant difference between postprandial/
pre- and postexercise blood sugar levels (P<0.000) which means 
after the exercise the blood sugar levels significantly dropped. 
However, the comparison of blood sugar levels between fasting 
and postexercise values, results showed no statistical significance, 
which indicates that the drop or decrease in blood sugar levels due 
to exercises, came almost close to FBS values (Tables 2, 3).

However, on between group or intergroup comparison no sta-
tistical significance was observed for blood sugar level. In the PSS 
group, a mean difference of 32 mg/dL was found pre- and postex-
ercise indicating that PSS effectively reduces blood sugar level in 
the postprandial period. In the RE group, a difference of 54 mg/
dL was noted. The blood glucose level postexercise, nearly 
dropped down to the FBS level indicating a larger difference be-
tween the mean values after performing REs (Table 4).

 

DISCUSSION

The present study aimed to find out the immediate effect of 
PSS versus REs on blood sugar levels in sedentary type 2 DM pa-

Table 1. Demographic characteristics of participants

Variable PSS group (n= 25) RE group (n= 26) P-value

Age (yr) 55.36± 7.02 52.34± 6.36 0.11
Height (m) 1.61± 0.09 1.62± 0.13 0.75
Weight (kg) 71.32± 8.94 75.07± 12.14 0.21
BMI (kg/m2) 27.55± 2.91 28.66± 3.88 0.25
HbA1c (%) 8.21± 1.35 8.90± 1.27 0.06

Values are presented as mean± standard deviation.
PSS, passive static stretching; RE, resistance exercise; HbA1c, glycosylated hemoglobin.

Table 2. Pair wise comparison of blood sugar level for passive static stretching group

Pair wise comparison Mean± SD 95% CI t-value P-value

PR.EX and PO.EX. 32.32± 25.83 21.65 to 42.98 6.25 0.000*
FBS and PR.EX. 44.96± 25.02 -55.29 to -34.62 -8.90 0.000*
FBS and PO.EX. 12.64± 24.45 -22.73 to -2.54 -2.58 0.016

SD, standard deviation; CI, confidence interval; PR.EX, pre-exercise; PO.EX, postexercise; FBS, fasting blood sugar.
*P< 0.05, statistical significance.

Table 3. Pair wise comparison of blood sugar level for resistance exercise group

Pair wise comparison Mean± SD 95% CI t-value P-value

PR.EX. and PO.EX. 53.53± 24.45 43.65 to 63.41 11.16 0.000*
FBS and PR.EX. 53.42± 28.28 -64.84 to -41.99 -9.63 0.000*
FBS and PO.EX 0.11± 20.53 -8.17 to 8.40 0.029 0.977

SD, standard deviation; CI, confidence interval; PR.EX, pre-exercise; PO.EX, postexercise; FBS, fasting blood sugar.
*P< 0.05, statistical significance.

Table 4. Between group analysis of blood sugar level

Variable PSS group (n= 25) RE group (n= 26) P-value

Fasting blood sugar level 205.44± 44.39 212.57± 38.01 0.54
Pre-exercise (postprandial) 250.40± 51.69 266.00± 51.55 0.28
Postexercise (immediately after exercise) 218.08± 47.08 212.46± 42.99 0.65

Values are presented as mean± standard deviation.
PSS, passive static stretching; RE, resistance exercise. 
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tients. The baseline demographic variables taken were age, height, 
weight, recent HbA1c value and BMI. 

The demographic data of the present study showed that majori-
ty of the subjects had a higher BMI, that is, above 27 kg/m2. Pre-
vious literatures state that the relationship between high BMI and 
DM is not absolute. It could depend on the presence of pathogen-
ic adipose tissues, which may either cause obesity due to the exist-
ing metabolic disease or vice versa (Bays et al., 2007)

The mean value of HbA1c values in RE is relatively higher than 
the PSS group. Several studies revealed that PSS and RE are effec-
tive treatment in reducing blood sugar level. The current study 
was conducted to evaluate which treatment is more effective in re-
ducing blood sugar level immediately. 

According to a study by Park (2015), PSS of the skeletal muscle 
is an alternate to exercise which helps to regulate blood sugar level 
in diabetic patients. A study showed that passive stretching in-
creases heat production and oxygen consumption in muscles. This 
leads to an increase in the metabolic activity in these muscles thus 
causing reduction in the blood glucose level due to the incorpora-
tion of glucose transporter type-4 (GLUT-4) into the stretched 
muscles. Stretching increases the level of nitric oxide by single 
passive stretch of 20%. Nitric oxide also influences the incorpora-
tion of GLUT-4 thus facilitating its activity. PSS is also known to 
alter the microcirculation thereby reducing tissue oxygen ex-
change. This resultant ischemia facilitates the translocation of 
GLUT-4 into the sarcolemma. Additional related studies on PSS 
demonstrate an increase in glycogen breakdown at the cellular 
level and support the effectiveness of PSS in reducing blood sugar 
level by stimulating the activity of protein kinase B, further im-
proving glucose uptake by the stretched muscle cells. These 
mechanisms provide a possible explanation to the positive effect 
of PSS on blood sugar level (Nelson et al., 2011; Park, 2015).

A study was conducted to compare the effects of active and pas-
sive stretching exercises in type 2 DM patients. It concluded that 
passive stretching yielded better results than active stretching. 
This was probably due to the maintenance of a constant tension 
throughout the passive stretch as compared to the active stretch. 
The tension produced, increased the metabolic activity of the 
muscles thereby reducing blood glucose level by the mechanism 
mentioned above (Solomen et al., 2015). Another study was con-
ducted to analyse the effect of twenty minutes PSS in a similar 
target population by comparing two groups. The first group un-
derwent PSS whereas the second group underwent mock PSS i.e., 
no tension was applied to the muscle. This study concluded that 
PSS is an effective intervention in reducing blood sugar level in 

individuals with type 2 DM (Nelson et al., 2011)
The present study indicates that RE is an effective intervention 

in immediately reducing blood glucose level in this population. A 
systematic review on effect of resistance training in patients with 
type 2 DM in 2014 which supports the use of resistance training 
for improving glycaemic control (Mårdberg and Hasselgren, 
2014). Another study in 2005 on relative benefits of endurance 
and strength training on the metabolic factors and muscle func-
tion of people with type 2 DM reported that there was a signifi-
cant reduction of HbA1c value in resistance training group as 
compared to aerobic training group (Cauza et al., 2005).

There could be various possible explanations to this outcome. 
Firstly, type 2 DM is known to occur due to a pathological de-
crease in the number of beta cells in the liver leading to increased 
blood glucose level (Donath et al., 2005; Inzucchi and Sherwin, 
2011). A study has proved significant effects of RE in improving 
beta cell function (Eriksson et al., 1991; Nieuwoudt et al., 2017).
Secondly, previous studies have stated that RE causes changes in 
the metabolic activity due to increased heat production and oxy-
gen consumption by the skeletal muscles (Nelson et al., 2011; 
Eves and Plotnikoff, 2006). These exercises can increase the ex-
pression of protein kinase B, thereby improving the insulin-sig-
nalling pathway. This further leads to the regulation of GLUT-4 
activity, increasing its translocation at the cellular level (Cheng 
and Kujala, 2012; Holten et al., 2004). Thirdly, scientific litera-
ture has determined that RE can increase the rate of glucose up-
take by skeletal muscles upto 7–20 times more than the basal lev-
el, depending on the intensity of the exercise (Messina et al., 
2015). Finally, RE is known to increase muscle insulin sensitivity 
in the postexercise period, thereby improving glycaemic control 
in individuals with type 2 DM (Cheng and Kujala, 2012). A 
study by Perseghin et al. (1996) found that exercise increases in-
sulin-dependent glucose transport and hexokinase II activity.

According to the results of the present study, both the groups 
show equal reduction in blood sugar level after the exercise regi-
men. This equal effectiveness could be attributed to the fact that 
both forms of exercises have similar mechanisms of reduction in 
blood glucose levels in both forms of exercises. This may be the 
reason for the immediate effect of both the intervention methods 
in reducing blood sugar level in patients with type 2 DM. How-
ever, according to the mean difference values of blood sugar at 
post exercise (Tables 2, 3) demonstrates slightly greater reduction 
with REs (54 mg) than passive stretching exercises (32 mg) which 
is although not statistically significant but might be clinically 
significant. However, the literature that indicates how much of 
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reduction in blood sugar level that can be termed, as clinically 
significant difference is lacking and unclear. 

The postprandial spike in blood sugar is always a difficult thing 
for the patients to manage and control. In the present study blood 
sugar levels demonstrated  statistical significant difference be-
tween FBS level and postprandial/pre-exercise blood sugar levels 
(P<0.000). A study was conducted which suggests spike in the 
blood sugar level at 1–2 hr of postprandial period (Monnier et al., 
2003). Hence, in the present study exercise session was scheduled 
at 2 hr after meals in order to evaluate effect of exercise interven-
tion at postprandial time. Although suggestions are given to do 
light exercises immediately after meals there is lack of literature, 
which proves this effect of exercise. Previous literature have stud-
ied long-term effects of exercises on blood sugar levels. However, 
there are no studies, which assess effect of exercise intervention at 
2 hr after the meal to abate the postprandial spike. 

The present study had a few limitations. Due to the time con-
straint for study conducted, immediate effect of exercise was com-
pared and long-term effects were not studied. HbA1c was not as-
sessed postexercise because the study was aimed on the immediate 
effect of exercises and HbA1c is ideally checked every 2 to 3 months.

A prospective study could be taken up to evaluate the long-term 
effects of the exercises specifically during the postprandial period. 
A similar study can be done to evaluate the pre- and posteffects of 
exercise interventions on the HbA1c test and glucose tolerance tests 
values. This study can also be repeated by using a different target 
population such as patients with hypertension or other metabolic 
conditions with comparisons of different forms of exercises.

Hence, the present study concluded that both PSS and REs are 
equally beneficial interventions in reducing postprandial blood 
glucose level that was close to FBS levels, immediately after exer-
cise in subjects with type 2 DM. Further, PSS can be of advantage 
for patients who are bed ridden and who cannot perform move-
ments actively whereas REs are suitable for patients who are rela-
tively young and have no associated comorbid conditions (e.g., 
hypertention, cardiac problems). Both RE and PSS are effective 
interventions that can be prescribed specifically at post prandial 
stage i.e., 2 hr after the meal for diabetic individuals who have 
problem or difficulty in controlling the postprandial spike in 
blood sugar.
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Comparative effectiveness of lumbar stabilization, 
dynamic strengthening, and Pilates on chronic low back 
pain: randomized clinical trial 
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The aim of the present study was to compare three different forms of 
exercises namely lumbar stabilization, dynamic strengthening, and Pi-
lates on chronic low back pain (LBP) in terms of pain, range of motion, 
core strength and function. In this study, 44 subjects suffering from non-
specific LBP for more than 3 months were randomly allocated into the 
lumbar stabilization group, the dynamic strengthening group, and the 
Pilates group. Ten sessions of exercises for 3 weeks were prescribed 
along with interferential current and hot moist pack. Pain was assessed 
by visual analog scale, functional affection by modified Oswestry Dis-
ability Questionnaire, range of motion by assessing lumbar flexion and 
extension by modified Schober test and core strength was assessed by 
pressure biofeedback on day 1 and day 10 of the treatment. There was 
reduction of pain, improvement in range of motion, functional ability and 

core strength in all the 3 exercise groups. The improvement was signifi-
cantly greater in the lumbar stabilization group for all the outcome mea-
sures, when compared the posttreatment after 10th session. Pairwise 
comparison showed that there was greater reduction of disability in the 
Pilates group than the dynamic strengthening group. It was concluded 
that the lumbar stabilization is more superior compared to the dynamic 
strengthening and Pilates in chronic nonspecific LBP. However, long-
term benefits need to be assessed and compared with prospective fol-
low-up studies. 

Keywords: Chronic low back pain, Lumbar stabilization, Dynamic 
strengthening, Pilates

INTRODUCTION

Low back pain (LBP) is an economic burden to society, leading 
to functional disability resulting in loss of number of days at 
work. Literature review state that 75% or more patients with low 
back become temporarily disabled and around 5% people suffer 
from permanent disability (Frymoyer and Cats-Baril, 1991). The 
lifetime prevalence of LBP is reported to be as high as 84%, and 
the prevalence of chronic LBP is about 23% (Balagué et al., 2012).

The prevalence of LBP in Indian population has been found to 
range from 6.2% to 92% and found to increase with age and to 
be more common among females (Bindra et al., 2015). Low socio-
economic status, poor education, previous history of LBP, physical 
factors such as lifting heavy loads, repetitive job, prolonged static 

posture and awkward posture, psychosocial factors such as anxiety, 
depression, job dissatisfaction, lack of job control and mental 
stress, working hours and obesity have been found to be associated 
with LBP (Biering-Sørensen,1983).

LBP is defined as pain which starts below the scapulae and 
above the cleft of the buttocks, with or without radiation to the 
lower extremities, including nerve root pain or sciatica (Hayden et 
al., 2005).

Based on the etiology, LBP is classified as specific LBP and non-
specific LBP. Nonspecific LBP is defined as LBP not attributed to 
specific pathology (e.g., infection, tumor, osteoporosis, arthritis, 
fracture, Cauda equina syndrome, etc.). It is thought that in some 
cases the cause may be a sprain (an overstretch) of a ligament or 
muscle or minor problem with a disc, facet or minor problems in 
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the structures and tissues of the lower back that result in pain 
(Koes et al., 2006). LBP is also categorized in three subtypes based 
on duration of symptoms as: acute (lasting for few weeks), sub-
acute (6–12 weeks), and chronic (more than 12 weeks) LBP (Kris-
mer et al., 2007). Chronic pain is represented by a protective adap-
tive muscle response in which agonists and antagonists decrease 
and increase in tone respectively (Graven-Nielsen et al., 1997).

The management of LBP comprises with range of different in-
terventional strategies, including drug therapy and nonmedical 
interventions. Nonsteroidal anti-inflammatory drugs may be of 
short-term benefit and are included in medical management. 
Physical therapy includes exercises and pain relieving modalities 
(Burton et al., 2006). Short wave diathermy, interferential cur-
rents and transcutaneous electrical nerve stimulation have been 
known to reduce muscle spasm and blocking pain (Deyo et al., 
1990). There are various forms of exercise that can be prescribed 
based on different schools of thought. This includes intensive dy-
namic back extensor exercises (Manniche et al., 1991), motor con-
trol exercises (Macedo et al., 2009), yoga (Sherman et al., 2005), 
aerobic exercises (Sculco et al., 2001).

Lumbar stabilization exercises are aimed at improving the neu-
romuscular control, strength, and endurance of the muscles that are 
central to maintaining the dynamic spinal and trunk stability. The 
effect of lumbar stabilization exercise have been studied in subjects 
with recurrent LBP (Koumantakis et al., 2005), pelvic pain (Ferrei-
ra et al., 2006) and LBP with leg pain (Saal and Saal, 1989).

Dynamic strengthening exercises can strengthen the spinal col-
umn and supporting structures (Gladwell et al., 2006). An electro-
myography study to compare recruitment of rectus abdominis and 
erector spinae muscle during dynamic strengthening exercise re-
vealed higher muscle activity in these muscles (Comfort et al., 2011).

Pilates focuses on maintaining a ‘neutral spine,’ pelvic and spi-
nal stability, along with activation of transverse abdominals and 
pelvic floor muscles in combination with controlled breathing 
(Nadler et al., 2002). Pilates based therapeutic approach has been 
studied previously in subjects with chronic LBP and has proved to 
reduce pain and lower disability rate (Rydeard et al., 2006).

However, lumbar stabilization exercise, dynamic strengthening 
exercise, and Pilates exercise have not been compared with each 
other to determine which among these three exercises is more ef-
fective to reduce chronic nonspecific LBP. Hence, the present 
study was done with an objective to compare the short-term effect 
of lumbar stabilization, dynamic strengthening, and Pilates and 
find a better approach in clinical practice. 

MATERIALS AND METHODS

Study design 
This study was a single (assessor) blinded randomized clinical 

with a sample of convenience. The research setting was an outpa-
tient department of a tertiary health care hospital located in Bel-
gaum city of Karnataka, India. The study was conducted from 
March 2016 to February 2017. Ethical clearance was obtained 
from Institutional Ethical Review Committee (No. KIPT/460/16). 
All participants gave written informed consent prior to commence-
ment of the study. Participants’ rights were protected throughout 
the trial.

Participants
Consecutive presentations of people with a referral for LBP 

treatment to the physiotherapy department were screened. Partic-
ipants who were clinically diagnosed with chronic LBP were re-
cruited and further assessed for eligibility. The sample size was 
determined by preliminary power analysis to avoid error 5% α – 
error and 95% power of the text. Sample size of 12 subjects in 
each group was obtained. The sample size was increased to ac-
count for possible dropouts. Forty-four subjects were assessed and 
randomly allocated in three groups by envelop method (Fig. 1). 

The inclusion criteria were: (a) all male and female adults be-
tween age group of 20–60 years, (b) subjects with nonspecific 
back pain >3 months, and (c) subjects willing to participate in 
the study. 

The subjects excluded were: (a) subjects with specific back pain 
(fracture, osteoporosis or degenerative changes, prolapse interver-
tebral disc, bone disorders, arthritis, tumour), (b) subjects with 
neurological involvement (radiculopathy, myelopathy), (c) subjects 
with previous spinal surgery, (d) subjects with spinal infections, 
and (e) subjects with severe psychiatric disorder.

Intervention
The study participants were given brief idea about the natives 

of the study and intervention. Hot moist pack (HMP) and inter-
ferential current were given as a part of conventional treatment for 
all the participants. The total therapy lasted for 60 min. The as-
sessor was blinded to the intervention.

Procedure for assessment
For the visual analogue scale (VAS), the subject was asked to 

point out intensity of pain on a 0- to 10-cm scale (Zanoli et al., 
2001). It is a valid, reliable, and precise method of recording pain 
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(Carlsson, 1983). A well validated, self-reported questionnaire de-
signed for low back containing 10 sections was used to assess the 
level of disability. Modified Oswestry Disability Questionnaire 
(MODQ) was used for this purpose (Fritz and Irrgang, 2001).

Lumbar range of motion was assessed using modified Schober 
method. This was assessed in standing position, the intersection of 
dimples of venus on lower back was marked with marker as refer-
ence line, a line was drawn 10 cm above and 5 cm below the refer-
ence line, subject was then asked to bend forward, backward. Lat-
eral flexion on both the sides was asked to perform on command 
and measurement was taken using measuring tape. The differenc-
es between these points are outcome measures. The validity of this 
method was proved against radiographs (Tousignant et al., 2005).

Core muscle strength was measured using Pressure Biofeedback 
(Chattanooga Group Inc., Hixson, TN, USA). The device consists 
of three chamber pressure cells which were placed under the lum-
bar spine in crook lying and inflated to a baseline of 40 mmHg. 
The subjects were told to increase the pressure by 10 mmHg us-
ing the drawing-in maneuver on the verbal instruction, “Start,” 
and to maintain the state for 5 sec. The measuring range was 0- to 
20-mmHg analog pressure with accuracy of +/-3 MHz pressure 
(Storheim et al., 2002). 

Intervention
Patient was made to lie in prone or side lying position as per 

the comfort of the patient. HMP (India Medico Instruments Co., 
New Delhi, India) was applied for the duration of 15 min on low 
back region to reduce spasm followed by interferential current 
(IFT) for 20 min. Two-channel electrodes (5 cm×10 cm) were po-
sitioned to close pain circuit being placed in the lumbar spine on 
the central pain point. Carrier frequency is 4,000 Hz, with modu-
lated frequency amplitude (MFA) of 20 Hz, ΔMFA of 10 Hz and 
intensity was increased as per the tolerance of the subject (Zambi-
to et al., 2006). All subjects in both groups performed warm up 
stretching exercises for 10 min before the main exercises and cool 
down exercises for 5 min after each session. 

Lumbar stabilization exercise group 
There were 16 lumbar stabilization exercises prescribed once, 

and were performed consecutively and in order for total 10 ses-
sions. Subjects practiced “hollowing” with a therapist providing 
verbal instruction and tactile feedback (Fig. 2).

Pilates group 
In the first session, the participants of both groups were trained 

to activate the powerhouse, which represents the isometric con-
traction. This included finding neutral spine, breathing practice, 
engaging pelvic floor and the transverse (Fig. 3).

Dynamic strengthening exercise group 
Lumbar dynamic strengthening exercises consisted of 14 exer-

cises, which activated the extensor (erector spinae) and flexor (rec-

Fig. 1. Flow chart diagram.

Fig. 2. Stabilization exercise.

4 Excluded (not meeting
inclusion criteria)
2 Refused treatment
2 Other reasons

Allocation

Statistical analysis

15 Pilates

52 Assessed for eligibility

44 Randomized

Follow-up Follow-up Follow-up

15 Lumbar 
stabilization

exercise

14 Dynamic 
strengthening 

exercise

N= 12
3 Dropout 

(2 family problem, 
1 personal reason)

N= 12
2 Dropout 

(2 health problem)

N= 12
3 Dropout 

(2 missed visit, 1 fell)
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tus abdominis) muscle groups. For all exercises in both groups, 
the final static positions were held for 10 sec, and each exercise 
was performed for 10 repetitions. There was a pause of 3 sec be-
tween repetitions and a 60-sec rest between each exercise. Exercise 
intensity (holding time and number of repetition) were increased 
gradually, based on the tolerance of each patient (Fig. 4).

Statistical analysis
After completion of the study, data collected was entered into 

excel spread sheet, tabulated and subjected to statistical analysis. 
Statistical analysis for the present study was done manually as well 
as using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, 
USA). Applied paired t-test was calculated by one-way analysis of 
variance (ANOVA) and P<0.005 was considered significant. 
Probability value less than 0.05 was considered statistically signif-
icant. The pair wise comparison of groups by Tukey multiple post 
hoc procedures.

Nominal data from subject’s demographic data i.e., age, body 
mass index (BMI), duration of symptoms was calculated by one-
way ANOVA (Table 1). The normative values of outcome measure 
like VAS, MODQ, lumbar flexion and extension, core strength 

were analyzed using Kolmogorov–Smirnov test. Since all the pre-
test and posttest scores of different variables in study groups fol-
low normal distribution therefore parametric test is applied.

RESULTS

At the end of ten sessions of intervention, 44 subjects who met 
the inclusion criteria participated in this interventional study. 
Twelve of the subjects (age, 32.75±11.73 years; BMI, 21.78±  
2.87 kg/m2) were in the lumbar stabilization group. Twelve of the 
subjects (age, 36.67±10.74 years; BMI, 24.71±4.55 kg/m2) were 
in the dynamic strengthening group. Twelve of the subjects (age, 

Fig. 3. Pilates. Fig. 4. Strengthening exercise.

Table 1. Demographic data of all the study groups

Characteristic
Group

P-value
Lumbar stabilization Dynamic strengthening Pilates

Age (yr) 32.75± 11.73 36.67± 10.74 35.33± 12.88 0.7615
Sex, female:male (%) 50:50 41.6:58.33 8.3:91.6
Body mass index (kg/m2) 21.78± 2.87 24.71± 4.55 25.95± 6.19 0.1012
Duration of symptoms (yr) 0.58± 0.54 0.31± 0.42 1.53± 1.64 0.0165*

Values are presented as mean± standard deviation.
*P< 0.05.
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35.33±12.88 years; BMI, 25.95±6.19 kg/m2) were in the Pilates 
group. The duration of symptoms in lumbar stabilization group 
was 0.58±0.54 years, dynamic strengthening group 0.31±0.42 
and 1.53±1.64 in the Pilates group. Duration of symptoms of 
LBP varied significantly with the Pilates group having longer du-
ration of pain.

For lumbar stabilization group, score changes for VAS, MODQ, 
lumbar flexion and extension, and core strength were significant 
within the group. However when between group study was done 
and lumbar stabilization group was compared to other two 
groups, the pain was found to be significantly reduced in the lum-
bar stabilization group with P-value of 0.0001 compared to dy-
namic strengthening exercise. MODQ scores were found to be 
significantly reduced with P-value of 0.0001 when compared to 
the dynamic strengthening group and when compared to the Pi-
lates group, P-value was reduced significantly 0.0001 (Table 2). 
When lumbar flexion was assessed the P-value of stabilization 
group was significantly improved at 0.001 when compared to dy-
namic strengthening and P-value was significantly improved at 
0.0001 when compared to the Pilates group. Lumbar extension 
range was found to be significantly improved with P-value of 
0.0001 when compared to the Pilates group. Core strength was 
found to be significantly better with P-value of 0.0001 when 
compared to the Pilates group (Table 3). 

The dynamic strengthening, score changes for VAS, MODQ, 
lumbar flexion and extension, and core strength were more signif-
icant within the group. However when between the group analy-
sis was done and dynamic strengthening group was compared to 
other two groups, the pain did not significantly reduce in dynam-
ic strengthening compared to the Pilates and stabilization groups. 
When disability was assessed, the MODQ score was significantly 
reduced with P-value of 0.0001 compared to the Pilates group. 
When lumbar flexion was assessed the P-value of dynamic 
strengthening group was not significant when compared to the 
Pilates and lumbar stabilization groups. Lumbar extension range 
did not significantly improve when compared to the Pilates and 
the stabilization groups. Core strength did not significantly im-
prove in the dynamic strengthening group when compared to the 
Pilates and the stabilization groups. 

In the Pilates group, VAS, MODQ, lumbar flexion and exten-
sion, and core strength were significant within the group. How-
ever when between the group analysis was done, it was seen that 
the pain did not significantly reduce in Pilates group when com-
pared to dynamic strengthening and lumbar stabilization groups. 
The MODQ score was reduced in the Pilates group when to dy-
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namic strengthening group but was not found to be significant. 
When lumbar flexion was assessed the P-value of the Pilates 
group was not significant when compared to the dynamic 
strengthening and the lumbar stabilization groups. Lumbar ex-
tension range did not significantly improve when compared to 
the dynamic strengthening and the lumbar stabilization groups. 
Core strength did not significantly improve in the Pilates group 
when compared to the dynamic strengthening and the lumbar 
stabilization groups. 

DISCUSSION

In the present study it was found that although all the three 
forms of exercises proved to be effective when pre–post interven-
tion comparison was made on day 1 and day 10 of treatment ses-
sion, the inter group comparison proved lumbar stabilization ex-
ercise to be more superior form of exercise when compared to the 
dynamic strengthening and the Pilates groups. Dynamic 
strengthening group showed better results than the Pilates group 
except in MODQ scores where Pilates showed reduction in dis-
ability compared to the dynamic strengthening group.

In the present study, the homogeneity of the subjects was main-
tained as all the demographic data was matched except duration 
of pain symptoms which was found to be more in Pilates group. 
Subjects with back pain were maximal in the age group of 29–50 
years which shows that chronic nonspecific back pain occurs 
mostly in working age group due to occupation, daily activity and 
stress (Bindra et al., 2015). Gender distribution in the present 
study showed that large number of females complaint back pain 
as seen in previous studies. The reason might be ascribed to that 
lumbar lordosis is more prominent in females (Han et al., 1997). 
Studies also quote that compared with persons of normal BMI, 
overweight/obese people had an increased prevalence of LBP (Shiri 
et al., 2010). This relation has been proved in our study.

The standard conventional treatment for nonspecific LBP in-
clude HMP (Nadler et al., 2002) interferential current (Poitras 
and Brosseau, 2008) and exercises (Hayden et al., 2005). Keeping 
this into account HMP and interferential current was given. 
Moist hot pack was used to reduce pain and superficial muscle 
spasm, and to improve tissue extensibility. Interferential current 
was given to reduce pain as it works on pain gate theory and neu-
rotransmitter depletion.

Stabilization exercise was found to be superior among all forms 
of exercise in the present study. This could be explained with fol-
lowing possible reasons. Firstly, the stabilization exercise uses 

drawing-in maneuver which helps in coactivating the transversus 
abdominis and multifidus muscles than other exercises which 
concentrate on strengthening the surrounding muscle. The draw-
ing-in maneuver develops the pattern of setting the deep abdomi-
nal and multifidus in feedforward pattern and helps to maintain 
the holding capacity and in coordination with the global muscles. 
Secondly, tactile facilitation along with verbal cues were also given 
to explain the muscles encircling the trunk which acts as feedback 
and third reason may be that all the 16 exercises were performed 
consecutively one after the other without any repetitions and no 
rest period was given to maintain the posture this helps to sustain 
the cocontraction of the muscle while performing the exercise.

The postures used in the exercises given to lumbar stabilization 
group were specific to the particular muscle so as the muscles were 
activated. Primary training in hook lying (70°–90° of knee flex-
ion) is slowly progressed to prone lying to sitting followed by 
functional activities. Extremity motions were added and were used 
to stimulate muscle endurance and strengthen the trunk muscles. 
In prone position the load to lumbar spine increases on extremity 
loading hence extension exercise were initiated in quadruped posi-
tion to maintain lumbar in neutral position and for patient to 
learn control. The quadratus lumborum acts as stabilizer in frontal 
and transverse plane. Hence side propping position was main-
tained to activate quadratus lumborum and external oblique. The 
same recruitment of muscle can be taught to patient by self-palpa-
tion and sitting and rocking on Bobath ball. For this reason, stabi-
lization exercise can be included in home program. Lumbar stabi-
lization exercise also strengthens the lumbar extensors thereby im-
proving functional ability and lumbar range of motion.

Generally, Oswestry Disability Questionnaire score less than 20 
indicates functional disability and is not regarded as significant in 
daily life. In the previous study stabilization exercise reported sig-
nificant improvement in function which is in accordance to the 
present study. MODQ score showed improvement after the stabi-
lization exercise. In one of the previous study, the core strength of 
various muscles acting during stabilization exercise was assessed by 
pressure biofeedback and electromyogram (EMG) studies. Results 
demonstrated significantly increased activity of the gluteus medius 
and internal oblique activity were increased significantly, and the 
quadratus lumborum activity was decreased significantly, causing 
reduced lateral pelvic tilt in a side lying position (de Paula Lima et 
al., 2011). The present study also used pressure biofeedback for as-
sessing the core strength, which showed significant improvement 
in muscle recruitment after the lumbar stabilization exercise.

The Pilates is based on the use of functional exercises for im-
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proving muscular strength and endurance and train these muscles. 
The Pilates, which focused on rehabilitation, recruit deep stabiliz-
er muscles (i.e., transverses abdominis, internal and external ab-
dominal obliqus, and multifidus muscles) at a submaximal effort, 
while disassociating the extremities from the trunk and pelvis, so 
that the deep stabilizers work efficiently to maintain control. This 
suggests that lumbar stabilization exercises are as good as Pilates. 
However, in our study the Pilates did not improve functionality 
and pain as much as the lumbar stabilization exercise group. 

The Pilates also showed better results in pain reduction and 
disability and range of motion. Pilates improved absolute core 
strength and moreover encouraged proper activation patterns of 
core musculature. The mat program in this group of exercises 
trained core stabilization, specific muscle activation strategies to 
stabilize the lumbar-pelvic region with neuromuscular control 
and spinal stability. However, it showed minimal results. The rea-
son might be that the Pilates group intervention lasted for short 
duration when compared to other studies. Pilates program was 
found to be effective after 6-week protocol. The subjects in the 
Pilates group had more duration of symptoms when compared to 
lumbar stabilization and dynamic strengthening exercise groups. 

Pilates exercise for the improvement of LBP was studied in pre-
vious randomized controlled trial where the Pilates group under-
took a 6-week program. These data suggest that Pilates improved 
nonspecific chronic LBP in an active population compared to no 
intervention. Additionally, Pilates improved general health, pain 
level, sports functioning, flexibility, and proprioception in indi-
viduals with chronic LBP (Gladwell et al., 2006). 

A systematic review was carried out assessing the effects of the 
Pilates method on chronic LBP patients. This systematic review 
did not find evidence that Pilates was superior to lumbar stabili-
zation exercises for pain relief or functional improvement but as 
good as stabilization exercise (Pereira et al., 2012). This could be 
because the long-term effects were not studied.

Dynamic strengthening exercises showed improvement in all 
outcomes whereas pain and disability scores did not show major 
reduction when compared to lumbar stabilization and Pilates ex-
ercises. Dynamic strengthening exercise is the one with spinal 
movement demonstrating effective core and global stabilization 
technique and endurance in stabilizing musculature. The dynam-
ic strengthening exercises involve only mobility and strength of 
spinal muscles. In dynamic strengthening exercises, due to the 
load imposed on the spine, patients’ low back symptoms may in-
crease which might affect minimal pain reduction and improve-
ment in daily activities. 

Various muscles work during dynamic strengthening exercises. 
EMG studies suggest curls up which recruits the rectus abdomi-
nis, with low activity in obliques, transversus abdominis and pso-
as, sit ups with straight leg and bent knee show high rectus and 
external oblique activity, high psoas activity and high low back 
compression, heel press sit ups increase psoas activity, hanging leg 
raises show high external oblique and high spinal compression, 
supine single leg lifts show deep stabilizing muscle activation. 
Supermen exercises are progressed by having the patient lift both 
upper and lower extremities simultaneously, greater resistance can 
be provided by abducting the shoulders to 90° or elevating 180°. 
Strengthening the extensor muscles and an improved extensor/
flexor ratio has found to be important in reducing symptoms in 
chronic LBP patients. A study demonstrated that lumbar training 
is necessary to develop paravertebral muscle strength and bulk.

A study was conducted to compare the efficacy of stabilization 
and strengthening exercises on relief of chronic LBP symptoms 
(Moon et al., 2013). Both treatments were effective in relieving 
pain and in decreasing functional impairment, but only the stabi-
lization treatment improved tranversus abdominus muscle activa-
tion. Better results of the stabilization group may be explained by 
the fact that this technique addresses two muscles primarily af-
fected by LBP i.e., lumbar multifidus and tranversus abdominus. 
But, in the dynamic strengthening group, the exercises were fo-
cused on the rectus abdominis, abdominus obliquus internus, ab-
dominus obliquus externus, and erector spinae. Also, the program 
lasted for 6 weeks, and 30-min sessions were given twice a week. 
However, in the present study the treatment program was given 
only 10 sessions.

There was no long-term follow-up as there would be more 
chances of dropouts, Time duration for exercises is 10 sessions 
only in order to avoid loss of subjects in follow-up. Sophisticated 
procedures like EMG studies or ultrasound measurements were 
not monitored to study the strength and activation of deep mus-
cles due to unavailability of the equipment. Longer follow-up pe-
riod should be considered and incorporate EMG studies or ultra-
sound imaging to monitor muscle recruitment after exercise to 
confirm the increase in muscle activation.

On the basis of the present study it can be concluded that lum-
bar stabilization exercise, dynamic strengthening exercise and Pi-
lates are beneficial in the treatment of chronic nonspecific LBP for 
reduction of pain, improvement in functional ability, increase 
range of motion and improve core strength. However when com-
pared, lumbar stabilization proved to be more effective form of 
exercise than Pilates and dynamic strengthening for chronic LBP.
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ABSTRACT

Cervical radiculopathy is common condition seen today. It is found to associate with upper limb dysfunction which in 
turn hinders daily activity due to muscular weakness. Grip strength is found to be reduced in cervical radiculopathy 
and is taken to be a good measure of upper limb function. Treatment of cervical radiculopathy is mainly concentrated 
over neck region and very less has been done to improve upper limb function. Kinesio taping is found to improve 
muscle activity and can be used to improve grip strength and function in cervical radiculopathy. Method: 32 subjects 
with unilateral cervical radiculopathy were randomly divided into 2 groups, experimental and conventional group 
(n=16). The conventional group was given intermittent cervical traction, hot moist pack, TENS and exercises and 
experimental group was given conventional treatment along with kinesio taping to extensor aspect of forearm. Pre-
and post-values for grip and pinch strength and NDI and DASH were assessed and analysed. Result: There was 
marked improvement seen both groups, but there was significant improvement in grip and pinch strength seen in 
experimental group while there was improvement seen functional outcomes namely NDI and DASH. This suggests 
that kinesio taping does not play a role in improving grip strength but can improve upper limb function.

Keywords: Cervical radiculopathy, Grip strength, Kinesio taping, Function

Abbreviations: BMI: Body Mass Index; DASH: Disability of Arm, Shoulder and Hands; NDI: Neck Disability 
Index; TENS: Transcutaneous Electrical Nerve Stimulation; KT: Kinesio Taping; SLR: Straight Leg Raising

INTRODUCTION

Cervical radiculopathy is a common condition seen today. It is classified as a disorder of nerve root and most often 
results in compression or inflammatory pathology from a space- occupying lesion such as a disc herniation, spondylotic 
spur or cervical osteophyte. Location and the pattern of symptoms vary depending upon the nerve root involved and 
can include sensory and/or motor alterations if the dorsal and/or ventral root is involved [1].

Cervical radiculopathy is a dysfunction of nerve root of the cervical spine. The seventh (C7:60%) and sixth (C6:25%) 
are most commonly affected nerve roots. In younger population, cervical radiculopathy is mostly seen due to disc 
herniation. In older patients, cervical radiculopathy accounts due to narrowing of foramen from osteophyte formation, 
decreased disc height and degenerative conditions. Peak incidence of cervical radiculopathy is known to occur at 
fourth and fifth decade of life [2].

Cervical radiculopathy leads to radiating pain which not only causes discomfort in the neck region but also causes 
weakness and pain in the hand. It may lead to weakness of interossei muscles in the hand which leads to reduced grip 
and hand function [3]. Tingling numbness and radiating pain can also cause weakened griping activity overall. This 
eventually leads to impaired functionality and hinders the daily activity of an individual.

The management mostly given for this condition is medical, surgical and physiotherapy approaches. Physiotherapy 
plays an important role in managing the individual’s function. Physiotherapy management includes thermotherapy, 
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electrotherapy like transcutaneous electrical nerve stimulation (TENS), mechanical cervical traction and exercises. 
Heat helps in relaxing the muscles around the involved area and reducing spasm. TENS helps in pain reduction 
which is the major complain of individual and helps provide soothing effect. Mechanical cervical traction is common 
intervention given. Intermittent traction is better used which helps in unloading the components around the spine 
by stretching muscles, ligaments, and functional units. It decreases the pressure on the disc which overall helps 
in relieving the pressure on the nerve and is effective in radiculopathy [4]. But during the course of treatment of 
radiculopathy, the weakness associated with the hand component is neglected. Hence it is vital to intervene treatment 
for increasing grip strength in cervical radiculopathy to improve grip strength and upper limb function which will in 
turn improve the quality of life. The treatment for cervical radiculopathy is mostly concentrated on the neck region for 
treating the cause and very less is studied on improving the functional ability during the course of intervention. Hand 
grip strength is found to be reduced in individuals with cervical radiculopathy. The reduced strength and grip causes 
limitations in daily activities and is a cause of concern.

Very less is done to improve the functionality in individuals with reduced strength which will in turn help them in 
their daily activity and reduce disability. Kinesio taping is a new intervention used in physiotherapy which shows fast 
and impressive outcomes. It is mostly used in sports field. Kinesio taping uses elastic adhesive tape with elasticity 
rate similar to that of skin that is used in all kinds of musculoskeletal conditions. It can be used in both inhibiting 
and facilitating the muscle action in order to normalize the action of moving protagonist. By ultimately adjusting 
the protagonist, synergist and antagonist is maintained and physical balance is recovered [5]. It does not restrict the 
motion and can be worn for longer period of time. 

Very less has been studied over effect of KT on improving the grip strength in cervical radiculopathy. Kinesio taping 
can be used by taping the forearm to improve the strength of muscles and improve the grip strength which will help in 
improving the daily activities and in turn increase the function. Kinesio tape facilitates muscle group which increases 
grip strength. Study has been done to improve grip strength on normal population and other conditions using kinesio 
taping [6]. Hence KT can be beneficial for improving overall hand function.

METHODS

Study design

The study was a randomized controlled trial. The study was conducted in tertiary care hospital, Belgaum city, province 
Karnataka, country India. Ethical committee approval was obtained from Institutional Ethical Review Committee.

Sample size

Total 32 subjects were included in the study with 16 subjects in each group (Flow Chart 1).

Inclusion criteria

1) Both males and females clinically diagnosed with unilateral cervical radiculopathy. 

2) Those who are willing to participate.

3) Age between 30-65 years. 

Exclusion criteria

1) Individuals with upper limb fracture.

2) Individuals with any musculoskeletal condition of upper limb. 

3) Individuals with diabetic neuropathy.

4) Contraindicated for mechanical traction, taping.
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Flowchart 1 Study design and methodology

METHODOLOGY

All the subjects were recruited after meeting the inclusion and exclusion criteria and the demographic data was 
collected with the initial assessment of the outcome measures, grip strength, pinch strength, NDI questionnaire and 
DASH questionnaire on the 1st day. The individuals were divided into 2 groups: Control group and Taping group 
randomly.

The conventional treatment was given to both groups:

1) Moist pack for 12 mins, in prone position with head resting on the forearm.

2) TENS given for 10 mins. Conventional TENS, rectangular wave form with pulse frequency of 10-200 Hz, pulse 
width 100-250 µs, 2 electrodes, given along the radicular pain with and intensity tolerated by the subject.

3) Mechanical cervical intermittent traction given for 15 mins with 1/10th of body weight, in supine position with 
approximately 15° of flexion and neck well supported.

4) Exercises like static neck exercises and chin tuck with 10 repetitions each will be taken under therapist supervision 
and stretching of upper trapezius, scalene and levator scapulae muscle for 30 sec hold and 3 repetitions will be given.

The Taping group was given the conventional treatment as mentioned above along with taping to the extensor aspect 
of forearm, in sitting position with forearm supported and wrist in 15 degrees of extension. Taping was given from 
the origin of wrist extensors to the carpel row, with 50% stretch in I-shape, a facilitator type of taping [7]. Taping was 
given after every 3 days.

All the outcome measures were again assessed post completion of treatment on the 10th day. Best of 3 readings were 
taken for grip and pinch strength. Post treatment score for both DASH and NDI was also taken. Results were analysed.
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Statistical analysis

SPSS software version 16 software was used for analysis. Wilcoxon matched paired test was used to study pre-and 
post-measures and Mann-Whitney U test was used to study between group measures. Statistical significance of p 
value was set at 0.05.

RESULTS

There was no statistical difference seen between age, height, weight, and BMI between the two groups. This indicated 
that both the groups were homogenous in nature (Table 1).

Table 1 Demographic data compared for both groups

Parameters Group A Group B P value
Age (mean ± SD) 44.06 ± 10.22 44.31 ± 10.85 0.9470a

Height (mean ± SD) 162.06 ± 6.8 158.88 ± 12.07 0.3677a

Weight (mean ± SD) 64 ± 12.1 60.75 ± 14.86 0.5030a

BMI (mean ± SD) 24.35 ± 4.37 22.19 ± 6.75 0.2800a

In the present study, pre-post intervention comparison done by using Wilcoxon matched paired test done for group A 
(Expt) showed statistically significant result (p=0.0004) and that for Group B (Convt) showed statistically significant 
result (p=0.0003). Post intervention comparison done for grip strength between Group A (Expt) and Group B (Convt) 
done by Mann-Whitney U test did not show statistically significant result (p=0.3758). The mean grip strength of 
all participants included in Group A (Expt) and B (Convt) was 12.75 ± 5.97 on affected side and 17.28 ± 6.70 on 
unaffected side (Figure 1). Pair wise comparison done showed statistically significant result (p=0.0001). This signified 
that there was improvement seen in grip strength post intervention for both groups. But there was no significant 
difference seen between both the groups and both interventions were equally effective.
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Figure 1 Comparison between involved and uninvolved hand grip strength and pinch strength
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Figure 2 Comparison of Group A and Group B with respect to grip strength pre-and post-intervention
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Figure 3 Comparison of Group A and Group B with respect to pinch strength pre-and post-intervention
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Figure 4 Comparison of Group A and Group B with respect to dash scores pre-and post-intervention
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Figure 5 Comparison of Group A and Group B with respect to NDI score pre-and post-intervention

The pre-post intervention comparison done by using Wilcoxon matched pair test done for Group A (Expt) showed 
statistically significant result (p=0.0010) and that for Group B (Convt) showed statistically significant result 
(p=0.0022). Post intervention comparison done for grip strength between Group A (Expt) and Group B (Convt) 
done by Mann-Whitney U test did not show statistically significant result (p=0.00830). The mean grip strength of all 
participants included in Group A (Expt) and B (Convt) was 0.91 ± 0.96 on affected side and 2.56 ± 1.72 on unaffected 
side. Pair wise comparison done showed highly statistically significant result (p=0.0001). This signified that there was 
improvement seen in pinch strength post intervention for both groups. But there was no significant difference seen 
between both the groups and both interventions were equally effective (Figures 2 and 3).

The pre-post intervention comparison done by using Wilcoxon matched pair test done for Group A (Expt) showed 
statistically significant result (p=0.0002) and that for Group B (Convt) showed statistically significant result 
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(p=0.0004). Post intervention comparison done for grip strength between Group A (Expt) and Group B (Convt) 
done by Mann-Whitney U test also showed statistically significant result (p=0.0067). This signified that there was 
significant improvement seen in DASH score post intervention for both groups. Also, there was significant difference 
seen between both the groups and experimental group showed better functional improvement post intervention 
(Figures 4 and 5).

The pre-post-test comparison done by using Wilcoxon matched pair test done for group A(Expt) showed statistically 
significant result (p=0.0003) and that for Group B (Convt) showed statistically significant result (p=0.0004). Post-
test comparison done for grip strength between Group A (Expt) and Group B (Convt) done by Mann-Whitney U test 
also showed statistically significant result (p=0.0070). This signified that there was significant improvement seen in 
NDI score post intervention for both groups. Also, there was significant difference seen between both the groups and 
experimental group showed better functional improvement post intervention.

DISCUSSION

The present randomized controlled trial was done to compare the effect of kinesio taping for hand on grip strength 
and upper limb function in subjects with cervical radiculopathy. The common treatment given to both group was 
conventional physiotherapy i.e., intermittent cervical traction, TENS, hot moist pack and stretching and strengthening 
exercises. The experimental group was given kinesio taping to wrist extensors.

In the present study, the age of patient ranged from 33-57 years with mean age 42.21 ± 10.65 years which was consistent to 
the peak estimated age for cervical radiculopathy seen in previous studies. A study showed the peak age of incidence in fifth 
decade of life [8,9]. Higher incidence was found in developing neck pain between 35-49 years [10].

Both non-specific neck pain and specific causes of neck pain cause upper limb radiculopathy [11-15]. Neck pain 
impairment is found to be associated with upper limb disability including pain, radiculopathy, tingling numbness 
and weakness in upper limb muscles. This has been investigated that there is an association between neck pain and 
upper limb disability. About 151 patients were assessed and study showed positive correlation between neck pain 
and upper limb disability and concluded that upper limb management should be considered upon [16]. Chronic cases 
of cervical radiculopathy have marked reduction in grip strength. This has been proved in previous studies [17,18]. 
A study on grip strength and hand function changes in unilateral cervical radiculopathy concluded that the grip 
strength as compared to normal or unaffected hand was significantly reduced (p=0.028) when compared with hand 
dynamometer and Jebson-Taylor hand function test [19]. Hence grip strength needs to be assessed and managed in 
cervical radiculopathy.

Grip strength can be assessed in many ways viz. pressure biofeedback, Rudham hand dynamometer, Jamar hand 
dynamometer, Myogrip device, hand clamp etc. Among these Jamar hand dynamometer and pinch gauge were used in 
the present study to measure grip strength and pinch strength. Jamar Hand Dynamometer is a reliable tool to measure 
grip strength and pinch [20,21]. Comparison of grip strength was done with unaffected side similar to that done in 
previous study [19]. Hence, in our study grip strength was assessed by comparing the unaffected side in unilateral 
cervical radiculopathy. In the present study, grip strength and pinch strength of the involved hand was reduced as 
compared to the uninvolved side. This could be attributed to myotomal weakness along the affected nerve which leads 
to weakness in muscles and pain which can in turn cause the reduction in grip and pinch strength.

Along with objective measures which are grip and pinch strength, in the present study NDI and DASH were used 
as functional measures to assess functional impairment. NDI was used as a tool to assess neck disability and DASH 
was used as a tool to assess upper limb functional impairment. According to a study, patients with non-specific neck 
disorder commonly report upper limb disability. The author used DASH questionnaire, NDI, pectoral fear of activity 
scale-cervical and patient specific functional scale and found that 80% patients reported upper limb disability along 
with neck pain. He also reported moderately high correlation between NDI & DASH scales [22]. Previous studies 
have shown NDI is a good tool for assessing neck disability [23-25]. DASH has also found to be widely used to assess 
upper limb dysfunction [16,26,27].

Physiotherapy treatment has found to be very beneficial in improving symptoms in patients with cervical radiculopathy. 
A study on physical function outcome in cervical radiculopathy patients after physiotherapy alone compared with 
anterior surgery followed by physiotherapy found that on a 2 year follow up there was no significant difference in 
function in both groups and physiotherapy can be efficient treatment in patients with cervical radiculopathy [28].
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In the present study, conventional treatment comprised of intermittent cervical traction, TENS, hot moist pack 
along with stretching and strengthening exercises. Cervical traction is found to be effective treatment in cervical 
radiculopathy. A study on cervical radiculopathy: non-operative management of neck pain and radicular symptoms 
found that traction was a useful method of treatment in radicular pain. Traction helped in distraction of neural foramen 
and decompression of affected nerve root [29]. Another study done on cervical spine mobilization versus TENS in 
management of cervical radiculopathy concluded that TENS and cervical mobilization were equally effective and 
TENS can be used as an effective treatment for cervical radiculopathy [30]. TENS is thought to be effective via pain 
gait mechanism which helps in reducing pain and hence function.

A study done on manual physical therapy, cervical traction and strengthening exercises in patients with cervical 
radiculopathy found that 91% of individuals showed positive outcome in function and pain and treatment was 
effective even after 6 months of follow up. Study proved that physiotherapy is an effective measure in treatment of 
cervical radiculopathy [1]. Also, a study on efficacy of forward head correction on nerve root function and pain in 
cervical spondylotic radiculopathy showed positive result with reduction in pain. This was found to be effective by 
restoring normal mechanics which corrected biomechanical dysfunction and reduced mechanical load of nerves. It 
was achieved by stretching tight muscles and strengthening weak muscles [31].

The present study showed improvement in all the outcome measures when compared with pre-and post-intervention 
values with conventional and experimental group. This could be correlated to similar findings seen in previous 
literature. There could be improvement in all outcome measures due to distraction effect of traction causing reduction 
in pressure over the nerves and rapid re-myelination of affected nerves and relaxation of surrounding muscles. TENS 
and hot pack must have helped in pain and spasm relief. Exercises must have helped in strengthening and proper 
alignment of biomechanical function. Similar results were found on grip strength in a study on the effect of cervical 
traction combined with conventional therapy on grip strength on patients with cervical radiculopathy. It was found 
that cervical traction combines with electrotherapy and exercises showed better result on hand grip. This was seen due 
to the effect of rapid re-myelination of affected nerve root following decompression seen with traction. Improvement 
in nerve root conduction and circulation produces increased neuromuscular performance which helps in improving 
grip strength [32]. 

Recently, kinesio taping serves as a good adjunct in the field of physiotherapy. It is found to give rapid beneficial 
effect. It helps by correcting fascia, improving proprioception, increasing blood flow, and correcting muscle action 
and reducing pain [33]. An author studied the effect of kinesio taping on hand grip strength. The study used I-shaped 
taping over flexor, extensor and flexor-extensor aspect of forearm and concluded that extensor aspect taping showed 
better results due to effective stabilization and balanced forces with flexors [34]. Another study on the effect of kinesio 
taping on explosive muscle power of gluteus maximus in male athletes and concluded that kinesio taping improved 
muscular strength by both I and Y technique. It was thought to do so by stimulating mechanoreceptors to improve 
sensory input which stimulates gamma-motor firing which increases muscle tone [35]. Hence, it was hypothesized in 
the present study that I-shaped kinesio taping used on the extensor aspect of forearm would improve the grip strength. 

When comparison was done for all outcome measures between experimental and conventional group, the present 
study showed mixed type of results. There was equal effect seen in both groups with respect to grip and pinch strength 
but the experimental group showed significant improvement in functional outcome measures i.e., DASH and NDI 
over the conventional group. With this type of result it can be inferred that there was significant improvement with 
subjective measures but not with objective outcomes. This result can be attributed to placebo effect of kinesio taping. 
It can be attributed to reduced pain, improved proprioception, improved alignment.

Similar results with placebo effects were seen in previous studies. A study on initial effect of kinesio taping in patients 
with patellofemoral pain syndrome found that there was significant improvement and strength of quadriceps muscle 
and improved balance after the application of kinesio taping [36]. Another study done on effect of kinesio taping on 
low back muscle fatigue found that there was improvement in fatigue in both KT and placebo group as compared to 
control group and was found due to improved proprioception and blood flow [37]. A study done on acute and 48 h 
effect of kinesio taping on the hand grip strength among university students resulted that there was no improvement in 
maximal grip strength immediately and 48 hours after application of kinesio taping. But the study reported that there 
was high level of comfort after wearing KT [38].
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Kinesio taping effect on muscular strength is found to be controversial and effect of taping remains varied on different 
muscle group as seen the study done study on effect of kinesio tape application on hamstring and gastrocnemus muscle 
in healthy young adults was done to assess to reaction in both muscle group. It was found that there was improved 
peak force in gastrocnemius muscle immediately and post 2 days of taping. There was also improvement seen in SLR 
and ankle dorsiflexion immediately after application of tape but the hamstring muscle only showed improvement 
after 2 days of application. This concluded that all muscle group react differently to application of kinesio tape [39].

Studies have also found that kinesio taping is not effective in improving strength. A study conducted on immediate effect of 
kinesio taping on muscle response in young elite soccer players and found that kinesio taping did not improve the muscle 
strength in soccer players. This could be due to the reason that strong afferent stimuli were not generated by taping to 
enhance muscle strength [40]. Another study also conducted on the effectiveness of kinesio taping for athletes with medial 
epicondyle tendinopathy found that there was no change in maximal grip strength with or without taping. It was found 
that kinesio taping improved proprioception which lead to improvement in absolute force sense [41].

Another study done on immediate effect of kinesio taping on neuromuscular performance of quadriceps and balance 
in individuals submitted to ACL reconstruction. EMG was studied to analyse strength and it was found that there no 
improvement seen with strength after taping. It was found that taping did not alter the neuromuscular performance in 
quadriceps muscle [42]. A meta-analysis on effect of kinesio taping on skeletal muscle strength concluded that kinesio 
taping has some therapeutic beneficial effect but does not improve strength in normal individuals [43]. Most of the 
studies were performed to measure strength immediately or to assess short term effect of KT. Current study was done 
to evaluate strength over a period of 10 sessions. Consistent with these studies the present study also does not show 
improvement in grip and pinch strength attributing to not enough stimulus or neuromuscular enhancement to improve 
muscle strength.

On the contrary, kinesio taping has also been found to improve muscle strength which was not seen in the present 
study. A study done on the effect of kinesio taping on hand grip strength showed that kinesio taping improved grip 
strength which was maintained for 48 hours with dominant hand showing more improvement. It was speculated 
that the increase in grip strength was due to tactile stimulation of dermis and epidermis and the skin maintained 
normal mobility [44]. There was more improvement seen in kinesio taping with tension. The present study also 
used application of taping with tension. Also, a study on effect of kinesio taping on maximal grip strength and 
key pinch force was done. Grip strength and pinch were assessed immediately and after 30 mins of taping. There 
was improvement seen with kinesio taping in maximal grip strength and pinch strength [6]. This study used the 
contra lateral hand as the control group for comparison, similar to the current study which used unaffected hand for 
comparison of grip and pinch strength. A study on effect of taping on wrist extension and grip strength and pain 
in patients with lateral epicondylitis showed a marked significant improvement in all parameters. This was found 
significant due to reduced stress generated in muscles due to taping which reduced pain in turn reducing painful 
inhibition which improved muscle contraction. Similar results were also found in other literature where kinesio taping 
was found to improve strength [45-47].

In the present study, both kinesio taping and conventional group showed improvement in all outcome measures when 
pre-post comparison was done. However, kinesio taping showed significant improvement in functional measures 
alone with no significant difference in grip and pinch strength as compared to control group.

CONCLUSION

In the present study both kinesio taping and conventional group showed improvement in all outcome measures when 
pre-post comparison was done. However, kinesio taping showed significant improvement in functional measures alone 
with no significant difference in grip and pinch strength as compared to control group. Hence, it can be concluded that 
kinesio taping demonstrated to have more of placebo effect on functional outcomes as there was no improvement seen 
in the grip strength assessment. Further studies have to be done to confirm.
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ABSTRACT

Background and aim: Neck pain is a common health problem experienced by engineering students. Majority of 
the times, neck pain is due to poor workstation posture, improper workstation structure. Thus, the aim of the study 
was to analyze the effect of ergonomic advice on neck pain among engineering students of Belagavi. Materials and 
methodology: An observational study was carried out among engineering students of all academic levels in local 
engineering institutes of Belagavi. Data of study was collected in academic year 2016-2017 using Neck pain and 
disability scale from 331 students. Initially, a baseline data was collected and then booklet consisting of ergonomic 
advice was given and follow-up was done after 4 weeks by using same questionnaire. Results: Overall 33.96% of 
reduction in neck pain was seen after ergonomic advice. In accordance with movements associated with neck pain, 
there was significant pain reduction in relation to up-down movement. Conclusion: Ergonomic advice is effective in 
terms of reducing neck pain among engineering students and it should be adopted for prevention of neck pain.
Keywords: Neck pain, neck pain and disability scale, ergonomics

INTRODUCTION

As said by Bernardini Ramazzini, (Italian physician and father of occupational medicines), in 18th century- “Diseases 
arise from three causes: First, constant sitting; Second, Perpetual motion of the hand in the same manner and Third, 
attentional application of the mind” [1].

Neck pain is defined as pain experienced from the base of the skull (occiput) to upper part of the back and extending 
laterally to the outer and superior bounds of the shoulder blade (scapula) [2].

Neck pain is a common health problem experienced by general population and workers. It is a major factor contributing 
to sick leave. Almost everyone in some point in their life experience neck pain. Considerable discomfort can occur due 
to neck pain. It may affect work due to pain, disability, and impaired quality of life. Each year around 11% to 14.1% 
people limit their activities due to neck pain [3]. Every week 15% of males and 25% of females report to the hospital 
with this disabling cause [4].

Musculoskeletal pain can occur due to repetitive strain, overuse, and work-related factors. Abnormal biomechanics 
of body movement due to inadequate muscle strength, endurance and joint mobility can result into abnormal physical 
load to various tissues leading more prone for musculoskeletal injuries. There are many causative factors of neck pain. 
Few of the factors associated are related to individual, physical attributes and psychosocial factors. Individual risk 
factors are sex (females are more prone than males), age, frequency and type of exercise, comorbid conditions [5]. 
Muscular or ligamentous factors related to posture (forward head posture, rounded shoulders, and trapezius spasm), 
poor ergonomics (improper workstation height, prolonged slouch sitting, and keyboard far away from user), stress 
and/or chronic muscle fatigue can result into neck pain. Risk factors associated with neck pain are previous muscle 
pain, high quantitative job demands, and low social support at work, job insecurity, low physical capacity, work 
posture, sedentary work position, repetitive work and precision work [6].
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Many studies report that, increase duration of computer use and incomplete work- rest cycle control leads to neck 
pain and also other musculoskeletal disorders. Postural stress caused by poor workstation ergonomics, which 
can be due to inappropriate location of computer screen, keyboard, or mouse; any deviation in viewing distance; 
sustained non-neutral position of neck and shoulder is a primary source of pain in shoulder, craniovertebral junction 
or temporomandibular joint which can also develop neck pain [7]. Work environment is also an important aspect 
for development of musculoskeletal problems; lighting conditions, temperature, quality of air, size of working 
room, as well as acoustic conditions play important role to determine individual’s health. Psychosocial risk factors 
include mental stress, mental strain, depression, domestic environment, and activities (in relation with duration and 
frequency), any recreational activity [5]. All these factors play an important role in determining susceptibility to 
develop musculoskeletal disorder especially neck pain. 

Ergonomics is the science of studying people at work and then designing tasks, jobs, information, tools, equipment, 
facilities, and the working environment so people can be safe and healthy, effective, productive, and comfortable [8]. 
Normal ergonomic guidelines for computer users suggest that viewing distance should be 19-24”, screen viewing 
angle should be 0° to 60°,eyes should be at the level of screen, head and neck should be straight, there should be 
lumbar support for lower back, elbow should be in 90° flexion, wrist should be straight, seat-back angle should be 
90°, knees should be in 90° flexion, there should be adjustable seat height, feet should be supported on floor and there 
should be foot rest for shorter people [9]. Any variation in this posture leads to musculoskeletal pain.

Despite extensive literature search, there is dearth of literature available on studies conducted on prevalence of neck 
pain in engineering college going students. Hence, this study is intended to find the prevalence of neck pain among 
engineering students of Belagavi city, Karnataka.

MATERIALS AND METHODS

Study Setting and Design

An observational study conducted from November and December 2016 of academic year 2016-17 in Belagavi City, 
Karnataka.

Ethics

This study was reviewed and approved by Institutional Research Ethics Committee-KLES Institute of Physiotherapy, 
Belagavi.

Inclusion Criteria

• Engineering students who work on computer for at least 3 hours/day or 15 hours/day

• Engineering students who are working on computer for at least past 6 months

• Participants willing to participate in the study.

Exclusion Criteria

• Subjects who have neck pain due to fracture, malignancy, infection, or other non-mechanical causes

• Subjects who have progressive neurological deficit, myelopathy, herniated nucleus pulposus

• Subjects who have serious co-existing disease

• Subjects who are non-co-operative. 

Sample Size

As this is observational study, there is no specific sample size.

Data Collection Methods and Instruments

The approval for the study was obtained from the institutional ethical committee. After random selection of colleges, 
the colleges were approached personally to get permission. The purpose of the study was explained and written 
informed consent was obtained from all the participated students. All the subjects were screened based on the inclusion 
and exclusion criteria prior to their enrolment into the study. A brief demographic data was noted from the subjects. 
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All the subjects were asked if they are having neck pain and was noted in the data sheet. Subjects were asked to fill 
the ‘neck pain and disability scale’ and a booklet consisting of ergonomic advice was given. All the data was then 
collected and analyzed for the study. Neck pain and disability scale is a comprehensive measure of neck pain which 
is more reliable and valid than neck disability index. It comprises 20 items which measures neck problems, intensity 
of pain, its inference with activities of daily living and extent of associated emotional factors. Target population is 
patients with neck pain. Subjects will be asked to mark along 10 cm scale for each item. Score ranges from 0-5 in 
quarter point increments. For each item mark on the vertical grid indicates whole point and the one on dotted lines 
indicates half point increments. If the subject marks the space between the vertical grids a quarter point is added to 
the score. The total score is the sum of the item scores. It is a self-administered questionnaire. Time for completion 
is less than 5 minutes. After four weeks, follow-up was done with same questionnaire, all the data was collected and 
then analyzed. 

Statistical Analysis

Statistical analysis for the present study was done manually as well as using statistical package of social science 
version 16 in order to verify the results obtained. For this purpose, the values of the study were entered in an excel 
sheet where the data was tabulated and subjected to various statistical analysis. Statistical measures such as mean, 
standard deviation and tests of significance such as Chi-square test, paired and unpaired t-test, were utilized for all the 
scores in all the participants. Probability values less than 0.05 were considered statistically significant and probability 
values less than 0.001 were considered highly statistically significant (Table 1).

Table 1 Distribution of patients by ages, gender, causes and duration

Factors No of patients % of patients
Age

18 yrs. 34 10.27
19 yrs. 56 16.92
20 yrs. 91 27.49
21 yrs. 117 35.35
22 yrs. 33 9.97

Sex
Male 192 58.01

Female 139 41.99
Causes

None 186 56.19
Computer use 110 33.23
Prolong sitting 35 10.57

Duration
None 186 56.19
Acute 109 32.93

Chronic 36 10.88
Total 331 100

Outcome measure used was neck pain and disability scale. There was significant reduction in neck pain. Mean score 
on pre-test was 19.26 and post-test was 12.27. mean difference of pre- and post-scores was 6.54.

There was 33.96% of reduction in neck pain after ergonomic advice. t and p value was found to be 12.2862 and 0.0001 
respectively, which is statistically significant.

In terms of pain reduction in accordance with movements associated with neck pain, there was significant pain 
reduction in relation to up-down movement. Mean score on pre-test was 1.04 and post-test was 0.69. mean difference 
between pre- and post-test was 0.36. There was 34.16% of change in neck pain associated with up-down movement. 
t value was 7.8690 and p value was 0.0001, which is highly significant.

But, in terms of rotatory movements and overhead activities, reduction in pain was 19.36% and 14.03% respectively 
p value for the same was 0.0729 and 0.5089, which was not significant (Table 2).
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Table 2 Comparison of pre-test and post-test of NPAD and its component scores by paired t test

Variables Time Mean SD Mean Diff. SD Diff. % of change Paired t P-value

NPAD
Pre-test 19.26 15.25

6.54 9.69 33.96 12.2862 0.0001*
Post-test 12.72 12.02

Rotation
Pre-test 1.07 1.01

0.21 2.1 19.36 1.7992 0.0729
Post-test 0.86 2.05

Up-down movement
Pre-test 1.04 1.03

0.36 0.82 34.16 7.869 0.0001*
Post-test 0.69 0.79

Overhead
Pre-test 1.18 1.68

0.17 4.57 14.03 0.6613 0.5089
Post-test 1.02 4.36

*p<0.05; NPAD= Neck pain and disability scale

Pre-test and post-test comparison scores showed significant improvement in accordance with pain intensity, pain at 
rest, pain on activity, pain during ADL and psychosocial aspect among electronic faculty students then mechanical 
students, then computer science students than civil dept. students. After ergonomic advice, there was 28.13% of 
change in pain intensity, 34.65% change in pain at rest, 39.54% change in pain on activity, 31.52% change in pain 
during ADL and 37.09% change in psychological aspect. (p=0.0001) (Table 3).

Table 3 Comparison of pre-test and post-test scores of pain intensity, pain at rest, pain on activity, pain during ADL and psychological 
aspect scores by Wilcoxon matched pairs test

Variables Time Mean SD Median Mean Dif. SD Dif. % of Change Z Value p Value

Pain Intensity
Pre-test 3.33 3.1 2.5

0.94 2 28.13 8.6281 0.0001*
Post-test 2.4 2.46 1.75

Pain at Rest
Pre-test 1.07 1.18 0.75

0.37 1.04 34.65 8.6683 0.0001*
Post-test 0.7 0.92 0.25

Pain on Activity
Pre-test 5.59 4.88 4.5

2.21 3.07 39.54 12.0766 0.0001*
Post-test 3.38 3.48 2

Pain During ADL
Pre-test 0.88 0.93 0.5

0.28 0.58 31.52 8.4639 0.0001*
Post-test 0.6 0.67 0.25

Psychological Aspect
Pre-test 3.23 3.11 2.5

1.2 2.23 37.09 9.9878 0.0001*
Post-test 2.03 1.98 1.5

*p<0.05; ADL=Activities of Daily Living

DISCUSSION

Ergonomics is science of studying people at work and then designing tasks, jobs, information, tools, equipment, 
facilities and working environment. So, people can be safe, healthy, effective, productive, and comfortable [8].

Neck pain is a common problem among engineering students. Academics of engineering students expect them to use 
computer for more than 3 hours a day, total institutional hours a day (on average) are 8-9 hours working in a day with 
1 hour break in whole session, thus giving rise to requirement of prolonged sitting.

Prolonged slumped sitting gives rise to increased tension and muscle tightness around shoulder and neck [10].

Forward head posture and trunk flexion are major factors related to development of neck pain. Due to spine flexion 
in case of slumped sitting, improper height of chair or in absence of backrest gives rise to higher activity in cervical 
erector spinae, trapezius and thoracic erector spinae muscles thus giving rise to neck pain [10].

Ergonomics is an important aspect of preventing any musculoskeletal disorder. Mainer times, pain results due 
abnormal posture during work, improper workstation design etc.

Booklet which was given to subjects consisted of difference between good posture and poor posture in which each 
body component was highlighted through picture describing ideal position. Also, there was explanation about seating 
arrangement, work surface, handling of mouse, keyboard, personal habits, position of monitor and guidelines during 
usage of accessories. It was explained that, chair should be of optimal height providing proper back support, armrest 
to maintain elbows in 90° of flexion. Work surface area should be arranged in terms of distribution with regard to usual 
work area, occasional and non-working, usual work area being closer. It was also explained that during reaching for 
mouse or keyboard movement should be from wrist, even about ideal distance between monitor and person’s eyes, so 
that by minimizing neck strain. Along with this, they were advised to take short breaks after sitting for prolonged time.
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A study done by Niamh Kilroy and Sara Dockrell in 2000 showed that advice relating to postural changes and 
reduction of risk factors, resulted in decreased musculoskeletal symptoms [11].

Previous study done by Akshay Bansode and Deepali Hande showed that, ergonomic advice is significant in reduction 
of neck pain in accordance with numerical rating scale (p=0.0001) [12].

The ergonomic guidelines given to subjects must be contributed to reduction of neck pain by reducing strain on upper 
as well as lower back. This study showed that, there was significant pain reduction with up-down movements of neck 
(according to neck pain and disability scale) (p=0.0001). Reason for this would be decrease in strain of erector spinae 
(cervical and thoracic) and trapezius muscles which are major extensors of neck. 

In present study, pre-test and post-test comparison scores showed significant improvement in accordance with pain 
intensity, pain at rest, pain on activity, pain during ADL and psychosocial aspect among electronic faculty students, 
mechanical students, computer science students and civil department students.

CONCLUSION

Ergonomic advice is effective in terms of reducing neck pain among engineering students and it should be adopted 
for prevention of neck pain.
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ABSTRACT

Background: Shoulder pain is one of the most common conditions seen in recreational badminton players. It is 
caused due to repeated movements at the shoulder joint which further limits the range of motion and hence hampers 
the activities of daily living. M2T helps to release the myofascial tightness which causes the pain. Kinesiotape also 
helps in increasing the range of motion. Patients and Methods: Thirty recreational shoulder pain subjects were 
assessed and treated between the age group of 18-30 years at the KLE University’s Indoor Stadium, Jawaharlal Nehru 
Medical College, Belagavi, Karnataka, India. Methods: The recreational shoulder pain subjects were divided into 
Group “A” and Group “B” by Randomized clinical trial. Outcome measures used were the visual analogue scale 
(VAS) for pain and the Disability of Arm, Hand, and Shoulder (DASH). VAS and DASH were assessed pre-treatment 
and post-treatment. Results: Inter-group comparison for both the groups had differences but showed no statistical 
significance. Hence based on results it can be concluded that both the treatment techniques are effective in reducing 
pain and increasing ability at the shoulder joint.  

Keywords: M2T blade, Kinesiotape, Recreational badminton players, VAS, DASH

INTRODUCTION

Shoulder pain is a common musculoskeletal problem that affects people’s daily activities. It may arise from pathologies 
at the shoulder joint itself or from any of the many surrounding muscles, tendons and ligaments. Shoulder joint is a 
ball and socket type of joint where the head of the humerus fits into the glenoid fossa, surrounded by various muscles 
and ligaments [1].

Badminton is a sport in which there is repeated abduction and external rotation motion at the shoulder joint which may 
cause shoulder pain. Shoulder pain is one of the common joint pains in recreational players [2]. Shoulder pain affects 
over 50% of elite and recreational badminton players [3]. 

Physical risk factors include lifting, repetitive movements, and overhead activities at the shoulder joint which is 
commonly seen in persons playing sports like volleyball, badminton, swimming, tennis. Shoulder pain is more 
common in badminton players as there is repeated flexion, external rotation and abduction motion at the shoulder 
joint [4]. 

Kinesiotape was first introduced by Dr. Kenzo Kase in the year 1973 and was introduced officially in United Kingdom 
in 2004. The popularity of the use of tape increased after the Beijing Olympics. The kinesiotape mimics human skin 
quality through its specific thickness and high elasticity [5].

M2T blade (Figure 1) introduced by Mr. Adam Boger first in Canada is a newer invention in the field of instrument 
assessed myofascial release. It is used to reduced pain and increases the range of motion of a particular joint. The 
blade consists of 8-treatment plane, which are used, in various ways on different parts of the body. The part of the 
body is assessed and accordingly the treatment plane of the blade is used [6].

The primary objective of this study is to compare the effectiveness of both M2T and kinesiotape on recreational 
badminton shoulder pain subjects.
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Figure 1 M2T blade

MATERIALS AND METHODS

Materials used

• Data collection sheet

• Informed consent form

• Pen and paper

Instruments and apparatus

• M2T Blade (Myofascial Mobilization Tool Blade) 

• Kinesiotape (KT) 

• Visual Analogue Scale (VAS)

• Disability of Arm, Shoulder and Hand (DASH) 

Inclusion criteria

• Recreational badminton players

• Age 18-30 years

• Shoulder pain without any trauma or any pathological condition

• Subjects willing to participate

Exclusion criteria

• Any neurological deficits (shoulder and hand)

• Hypersensitive skin

• Trauma to shoulder joint in past 6 months

• Source of Data: The subjects for this study are the recreational badminton players who were assessed and treated at 
the KLE University’s Indoor Stadium, JNMC Campus, Belagavi, Karnataka.

Method of collection of data:

Study design: Randomized clinical trial

Sample size: 30

Duration of data collection: 3 months (November 2016 to January 2017)

Type of data: Primary data

Sampling design: Convenient sampling 

Sampling method: Allocated via Envelope method

RESULTS
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Table 1 Normality of pre-intervention and post intervention VAS and disability of arm shoulder hand (DASH) scores in 
Group A and Group B by Kolmogorov Smirnov test

Variables Test Group A Group B
Z-value p-value Z-value p-value

VAS 
Pre-intervention 0.364 0.999 0.705 0.7028
Post intervention 0.533 0.939 0.579 0.8908

DASH
Pre-intervention 0.54 0.932 0.4572 0.985
Post intervention 0.684 0.737 0.5505 0.9223

Note: Pre-intervention and post intervention VAS and disability of arm shoulder hand (DASH) scores in Group A and Group B are 
following a normal distribution. Therefore, the parametric tests were applied.

Table 2 Comparison of Group A and Group B with respect to VAS scores at pre-intervention and post-intervention

Time points Groups Mean SD SE t-value P-value
Pre-intervention

 
Group A 5.47 1.48 0.38 -0.2119

 
0.8337

 Group B 5.58 1.27 0.33
Post intervention

 
Group A 2.45 1 0.26 0.6535

 
0.5188

 Group B 2.26 0.48 0.12
Changes

 
Group A 3.03 1.42 0.37 -0.5875

 
0.5616

 Group B 3.32 1.31 0.34

 

Figure 2 Comparison of Group A and Group B with respect to VAS scores at pre-intervention and post-intervention time points

Table 3 Comparison of pre-intervention and post-intervention time points with respect to VAS scores in Group A and Group B

Groups Time points Mean SD Mean Diff. SD Diff. % of change Paired t p-value

 Group A
Pre intervention 5.47 1.48  

3.03
 

1.42
 

55.3
 

8.2464
 

0.0001*Post intervention 2.45 1

 Group B
Pre intervention 5.58 1.27  

3.32
 

1.31
 

59.5
 

9.8076
 

0.0001*Post intervention 2.26 0.48
*p<0.05

Figure 3 Comparison of pre-intervention and post-intervention time points with respect to VAS scores in Group A and Group B
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Table 4 Comparison of Group A and Group B with respect to disability of arm shoulder hand (DASH) scores at Pre-
intervention and Post intervention

Time points Groups Mean SD SE t-value P-value

Pre-intervention
Group A 31.54 10.47 2.7 0.3183

 
0.7526

 Group B 30.37 9.67 2.5

Post intervention
Group A 11.32 5.51 1.42 0.0018

 
0.9986

 Group B 11.31 6.89 1.78

Changes
Group A 20.23 6.86 1.77 0.5022

 
0.6194

 Group B 19.06 5.83 1.51

Figure 4 Comparison of Group A and Group B with respect to disability of arm shoulder hand (DASH) scores at pre-
intervention and post-intervention time points

Table 5 Comparison of pre-intervention and post-intervention time points with respect to disability of arm shoulder hand 
(DASH) scores in Group A and Group B

Groups Time points Mean SD Mean Diff. SD Diff. % of change Paired t p-value

 Group A
pre-intervention 31.54 10.47  

20.23
 

6.86
 

64.13
 

11.4233
 

0.0001*post-intervention 11.32 5.51

 Group B
pre-intervention 30.37 9.67  

19.06
 

5.83
 

62.76
 

12.6613
 

0.0001*post-intervention 11.31 6.89
*p<0.05

DISCUSSION

The present study compared the effect of kinesiotape and M2T blade on recreational badminton shoulder pain subjects 
(Tables 1-5) (Figures 2-4).

The results of this study showed that M2T was more effective in reducing pain as compared to kinesiotape with regards 
to the VAS scores. Whereas there was no much difference in the effect of M2T and kinesiotape when compared the 
two regarding the DASH scores. M2T works on the principle of myofascial release.

As seen in myofascial release technique a stretch is applied to the tight fascia which is maintained for 90-120 seconds, 
this has been proved to lengthen the tight fascia similarly the M2T blade also caused a stretch on the tight fascia by 
its to and from movement on the tight fascia till the adhesions were broken leading to lengthening and release of the 
tight fascia [7,8].

In myofascial release technique, repetitive stretch on the tight fascia softens it, likewise in this study the repetitive use 
of M2T blade on tight softens the tight fascia [7,8].

The possible mechanism of reduction in pain using M2T blade will be stretching the tight fascia around shoulder joint 
by means of instrument assisted soft tissue mobilization (IASTM). 

The present study is in consensus with previous studies with improvement in pain by restoring the length of the fascia 
and as the fascia is lengthened the pressure of over the pain sensitive areas (blood vessels and nerves) are relieved, 
the pressure relieved pain sensitive areas restored the alignment of joint and increases the mobility which reduced the 
pain around the joint.
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There may be a couple of possibilities as to how kinesiotape improves the flexibility of the soft tissue. Whenever 
kinesiotape is applied to the skin there is an additional  space below the area of application as the soft tissue and fascia 
is lifted, due to this the muscle tension is normalized by realigning the fascial tissue function. This results in increasing 
the flexibility of the soft tissue and improves the fascial tightness of the affected muscle. Similarly effects were seen 
in this study where the tight fascia around the shoulder joint was relieved and range was increased [9,10].

Modulation and reduction in the pain could probably be explained via the pain gate theory. There are not much evidences 
about it but however the tape stimulates the neuromuscular pathway and increases the afferent feedback [10].

The other hypothesis suggests that there is improvement in pain as there is less subcutaneous nociceptor pressure in 
the skin [9,10].

A study conducted by Gulcan Ozturk, et al. in which 37 patients with active upper trapezius myofascial trigger point 
were randomly divide into 2 groups to determine the short term and mid-term effects of kinesiotape on trapezius muscle 
in patients with myofascial pain syndrome. Kinesiotape for upper trapezius muscle was given to group 1 while group 
2 received sham kinesiotape. The outcome of the study was visual analogue scale, which was collected immediately 
after application of kinesiotape and after month. The results of the study showed that the VAS scores of group 1 were 
lesser as compared to group 2 which concluded that kinesiotape application showed significant improvement in pain 
in individuals with myofascial pain syndrome. The present study shows similar effect of kinesiotape application on 
shoulder in Group A.

The present study states that the use of M2T blade on shoulder joint in recreational badminton shoulder pain subjects 
reduces pain and has slight improvement in the DASH scores. This can be supported by a study conducted by Michele, 
et al. which is a randomized control trial which included 14 over head athletes with decreased shoulder range of 
motion were treated with IASTM. Participants were divided into 2 groups and both the groups received treatment 
twice a week for four consecutive weeks. ROM was taken pre and post treatment, which showed that IASTM proves 
to help in increase the ROM and hence decreases disability at the shoulder joint. 

Another study by Dr Varun Naik, et al. which was carried out on 7 recreational shoulder pain subjects in which the 
immediate effect of M2T was measured using the VAS and ROM the outcome measures were taken pre and post 
intervention which showed improvement in the ROM and reduction in pain. However, our study suggests that M2T 
reduces pain as compared to kinesiotape in recreational badminton shoulder pain subjects.

CONCLUSION

The result of the present study showed improved response in terms of pain and improved quality of life. Hence the use 
of M2T blade and kinesiotape is equally effective in reducing pain and improving the ability in subjects with shoulder 
pain in recreational badminton players. 
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ABSTRACT

Background: To study and compare the effectiveness of Bowen technique and muscle energy technique in asymptomatic 
subjects with hamstring tightness. Methods: Forty-eight normal healthy subjects (24 in each group) were recruited 
in the study under simple randomization method. Group A received three alternate sessions of Bowen technique and 
Group B received three alternate sessions of muscle energy technique for hamstring tightness. Popliteal angle and 
Sit and reach tests for flexibility and hand-held dynamometer for strength of the hamstrings were measured pre-
intervention and post intervention. Data was evaluated using t-test. Results: The group treated with Bowen technique 
showed significant improvement in Popliteal angle (p<0.001) as compared to muscle energy technique. The sit and 
reach flexibility test (p<0.001) was equally significant for both the groups. There was significant improvement in 
hand-held dynamometer (p<0.001) in group treated with Muscle energy technique as compared to Bowen technique. 
Conclusion: Three alternate sessions of Bowen technique and muscle energy technique proved to be effective in 
improving hamstring flexibility, range of motion and strength of the hamstring muscle. The group treated with Bowen 
technique proved to be more effective in improving flexibility of hamstring and range of motion when measured with 
popliteal angle. Muscle energy technique group showed more improvement in increasing the strength of the hamstring 
muscle at the end of the third treatment session.

Keywords: Hamstring tightness, Bowen technique, muscle energy technique, popliteal angle, sit and reach test, hand-
held dynamometer

INTRODUCTION

The movement of the human body is caused by the muscular system. There are about 700 muscles attached to the 
bones of the skeletal system that help to make up half of the person’s body weight roughly [1]. Skeletal muscles are 
made up of contractile and noncontractile connective tissues [2]. The characteristics of contractility and irritability is 
given by the contractile elements of the muscle [3].

The greatest measurable force that can be exerted by a muscle or muscle group to overcome resistance during single 
maximum effort is the muscle strength [3]. The ability of a muscle to contract repeatedly against a load (resistance), 
produce and sustain tension, and resist fatigue over an extended period of time is the muscle endurance [3].

Hamstring muscle is located at the back of the thigh. This muscle starts in the gluteal region and courses through the 
back of the thigh and ends in the popliteal fossa. Three muscles together form the hamstring muscle- biceps femoris 
muscle, semitendinosus muscle and semimembranosus muscle. These muscles are responsible for the flexion of the 
knee joint as well as help in extension of the thigh [4].

The major aetiological factors in musculoskeletal injuries are considered to be due to muscle stiffness of the lower 
extremity and the consequential decrease in joint flexibility [5]. The ability of the muscle to lengthen allowing one 
joint (or more than one joint) to move through the range of motion is due to the flexibility of the muscle. If a muscle 
has good flexibility it will allow muscle tissue to accommodate to imposed stress more easily and allows efficient 
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and effective movement. If there is enhanced muscle flexibility it will assist in preventing or minimizing injuries and 
enhance performance of the muscle [6].

The muscle which is found to be most prevalent for the tightness in the body is the hamstrings [5]. Worrel, et al. stated 
that a “lack of hamstring flexibility was the single most important characteristics of hamstring injuries in athletes” [7].

Tight hamstrings have been involved in lumbar spine dysfunction and shows strong positive correlation between 
low back pain and reduced hamstring flexibility [8]. Tightness of the muscle is a limiting factor for ideal physical 
performance as well as daily activities and an important intrinsic factor for sports injuries [5].

Bowen technique was developed by late Tom Bowen in Geelong, Australia which is a dynamic system of muscle and 
connective tissue therapy [9]. It is a soft tissue remedial therapy, in which therapist uses fingers or thumb to apply 
gentle rolling moves over muscles, tendons, and other connective tissues in specific parts of the body [10]. A classic 
Bowen technique session usually lasts from 15 to 45 minutes [9].

Muscle energy technique (MET) is a manual therapy technique used by many manual therapy professionals [11]. It 
targets the soft tissues primarily and can be called as active muscular relaxation technique [7]. It is a direct active 
post facilitating technique also known as post-isometric relaxation technique-PIRT which follow different principles 
individually [5]. It is a procedure in which controlled, voluntary isometric contractions of a target muscle group are 
widely advocated [8].

Outcome measures used in the study are-Sit and reach test for flexibility, popliteal angle and hand held dynamometer 
for strength.

METHODOLOGY

Both males and females from KLE’S Institute of Physiotherapy were included in the study. Total 48 subjects were 
recruited in the study. Subjects were randomly divided in group A (Bowen’s technique) and group B (Muscle energy 
technique). All the subjects recruited in the study read and signed the informed consent form approved by the 
institutional review board of the university.

Inclusion Criteria

• Asymptomatic subjects with hamstring tightness.

• Both males and females.

• Age between 18 to 24 years.

• 20° to 50° Active knee extension loss with hip in 90° of flexion.

• Full passive range of motion of knee extension (to rule out inter-articular knee joint pathology).

• Subjects willing to participate in the study. 

Exclusion criteria

• Subjects if they have any history of lower extremity injury in past 3 months

• Any fracture or surgery done for back, pelvis hip or knee.

• Any neurological symptoms involving prolapsed intervertebral disc or radiating pain. 

• Spinal deformity

• Any recent abdominal surgery.

Intervention

Group A (Bowen technique)

1) The thumb is placed on top of the designated muscle (Figure 1).

2) Quietly hook the thumb into the lateral edge of the muscle to form a challenge or pressure against the muscle. 
Create a slight pause as the nervous system registers a tension which point out “something is about to occur”.
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3) As we begin to flatten the thumb in a medial direction, the muscle will pluck or plop or respond in some manner.

4) Carry the skin and challenge the muscle.

5) First with the thumbs (left side of body) followed by the fingers (right side of body). Often, the hands are placed on 
the back with an inch of space between the thumbs and fingers so that the hands can play the muscles simultaneously.

6) Alternate day intervention will be given for 1 week.

7) The treatment time for each session will be 20 minutes.

Figure 1 Bowen technique

Group B (Muscle energy technique)

1) In this technique, first the subject’s knee was extended till the subject reports of hamstring discomfort (Figure 2).

2) Moderate isometric contraction of the hamstring muscle was given for a period of five seconds.

3) A three second relaxation period was given.

4) This technique will be repeated for three times (for a total of four contractions).

5) Alternate day intervention will be given for 1 week.

6) The treatment time for each session will be 20 minutes.

Figure 2 Muscle energy technique

Outcome measures

Popliteal angle, sit and reach test and hand held dynamometer were checked pre- and post-intervention on the first day 
and post intervention on the 3rd session.
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1) Popliteal angle measurement (active knee extension): Subject will be in supine position on the plinth. Subject 
then flexes his hip to 90°. Subject then actively extends each knee in turn. Fulcrum of the goniometer will be placed 
over the lateral condyle of the knee joint and popliteal angle is measured.

2) Sit and reach test: This test involves sitting on the floor with legs stretched out straight ahead. Shoes should be 
removed and the soles of the feet are placed against the wall. Both knees should be locked and pressed flat to the 
floor. With the palm facing downward, the subject reaches forward along the measuring line as far as possible. 
Ensure that the hands remain at the same level. After some practice, the subject reaches out and holds that position 
for at least one-two seconds while distance is recorded.

To assess the strength of the hamstring muscle hand held dynamometer is included in this study. It is used to evaluate 
resistance to stretch during passive knee extension. The position of the patient is supine and hip and knee is flexed at 
90° and the dynamometer is placed just proximal to malleoli. Stabilization of the subject at the shoulder is done by 
another therapist.

Statistical analysis

The statistical analysis was done using t-test to compare between the groups and within the group and level of 
significance was set up at p<0.001.

RESULTS

The study included 48 subjects. The group treated with Bowen technique showed more improvement in popliteal 
angle when measured with active knee extension test as compared to muscle energy technique. Sit and reach test 
was equally significant for both the groups. Significant increase in strength was noted in muscle energy technique 
group compared to Bowen technique when measured with hand-held dynamometer. The groups with age and gender 
distribution is depicted in Table 1. Tables 2-6 show comparison between the two groups with regards to the techniques 
and the scores during pre-and post-test.

Table 1 Showing distribution of age and gender in Group A and Group B

Variables Group A Group B

Gender
Male 11 Male 11

Female 13 Female 13
Average age (in years) 21.6 ± 1.63 20.8 ± 2.06

Table 2 Comparison of Group A and Group B with respect to right popliteal angles at pre-test, post 1 day and post 5 days

Groups
Pretest Post 1 day Post 5 days

Changes from pretest to
Post 1 day Post 5 days

Mean SD Mean SD Mean SD Mean SD Mean SD
Group A 36 6.35 44.88 6.29 54.42 5.98 8.88 2.8 18.42 4.06
Group B 39.08 6.93 48.04 5.47 58.21 6.01 8.96 3.76 19.13 4.61

% of change in group A 24.65%#, p=0.001* 51.16%#, p=0.001*

% of change in group B 22.92%#, p=0.001* 48.93%#, p=0.001*

P-value 0.115 0.0692 0.0336* 0.9309 0.575

Table 3 Comparison of Group A and Group B with respect to left popliteal angles at pre-test, post 1 day and post 5 days

Groups
Pretest Post 1 day Post 5 days

Changes from pretest to
Post 1 day Post 5 days

Mean SD Mean SD Mean SD Mean SD Mean SD
Group A 35.33 6.34 46 6.93 56.46 6.43 10.67 3.42 21.13 5.42
Group B 38.42 6.14 49.33 6.37 60.04 6.17 10.92 5.78 21.63 6.35

% of change in group A 30.19%#, p=0.001* 59.79%#, p=0.001*

% of change in group B 28.42%#, p=0.001* 56.29%#, p=0.001*

P-value 0.0938 0.0895 0.0500* 0.856 0.7704
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Table 4 Comparison of Group A and Group B with respect to Sit and reach test scores at pre-test, post 1 day and post 5 days

Groups
Pretest Post 1 day Post 5 days

Changes from pretest to
Post 1 day Post 5 days

Mean SD Mean SD Mean SD Mean SD Mean SD
Group A 17 3.8 11.79 3.86 7.08 3.35 5.21 2.17 9.92 2.12
Group B 17.21 4.51 12.79 4.55 7.25 3.77 4.42 1.47 9.96 2.26

% of change in group A 30.64%#, p=0.001* 58.33%#, p=0.001*

% of change in group B 25.67%#, p=0.001* 57.87%#, p=0.001*

P-value 0.8634 0.4156 0.872 0.1455 0.9478

Table 5 Comparison of Group A and Group B with respect to right hand held dynamometer scores at pre-test, post 1 day and post 5 days

Groups
Pretest Post 1 day Post 5 days

Changes from pretest to
Post 1 day Post 5 days

Mean SD Mean SD Mean SD Mean SD Mean SD
Group A 9.5 3.71 9.54 3.76 10.83 3.85 0.04 0.2 1.33 0.96
Group B 9.75 2.31 9.75 2.31 11.54 2.73 0 0 1.79 0.78

% of change in group A 0.44%#, p=0.3277 14.04%#, p=0.001*

% of change in group B 0.00%#, p=1.000 18.38%#, p=0.001*

P-value 0.7804 0.8182 0.4663 0.3225 0.0764

Table 6 Comparison of Group A and Group B with respect to left hand held dynamometer scores at pre-test, post 1 day and post 5 days

Groups
Pretest Post 1 day Post 5 days

Changes from pretest to

Post 1 day Post 5 days
Mean SD Mean SD Mean SD Mean SD Mean SD

Group A 9.38 3.66 9.42 3.72 10.83 3.93 0.04 0.2 1.46 0.98
Group B 9.71 2.33 9.71 2.33 11.25 2.47 0 0 1.54 0.93

% of change in group A 0.44%#, p=0.3277 15.56%#, p=0.001*

% of change in group B 0.00%#, p=1.000 15.88%#, p=0.001*

P-value 0.7082 0.7462 0.6623 0.3225 0.7637

DISCUSSION

The present study was done to compare the effects of Bowen technique and muscle energy technique (MET) on 
asymptomatic subjects with hamstring tightness. An alternate day intervention was done for five days (three sessions) 
to see which technique is more effective in increasing the flexibility of hamstring muscle in terms of popliteal angle and 
sit and reach test and also the strength of the hamstring muscle which was assessed using the hand-held dynamometer 
(HHD).

Out of twenty-four participants in each group there were thirteen female subjects and eleven male subjects. 
Homogeneity in regard with the number and gender of the participants were maintained in both the groups. The 
study comprised of subjects aged between 18-24 years in both the groups. Demographic data of the participants was 
collected in terms of height (cm), weight (kg) and BMI (kg/m2). Group A and Group B were given three sessions each 
for alternate days which lasted for a total of five days of treatment sessions.

A study done by Ayla et al in recreationally active young adults for estimating the hamstring flexibility proved that 
reproducibility and criteria related validity of the sit and reach test has coefficient of variation (CV) 8.74% and intra-
class correlation coefficient (ICC) 0.92 [12].

Active knee extension test/Popliteal angle test was found as the gold standard test for the measurement of hamstring 
flexibility with intra-tester reliability (ICC) of 0.94 in a study done by D. Scott Davis on concurrent validity of four 
clinical tests [13].

A study done by Richard W. Bohannon to check the test-retest reliability of hand-held dynamometry during a single 
period of strength assessment concluded that hand held dynamometer can be considered a reliable tool to check 
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the strength of the muscle. This technique has proved to be of great value to clinician as inter-tester reliability and 
normative data are established [14].

A study was conducted by Michelle Marr to see the effects of Bowen technique on hamstring flexibility over time 
concluded that a single treatment session with this technique significantly increased the flexibility of the hamstring 
muscle in asymptomatic individuals and also maintained this level of increase in hamstring flexibility for one week, 
showing continuing improvements. The superficial pressure applied during the technique, however lack of joint 
loading, warm-up or stretching, weight bearing, invalidates alterations attributable to tissue creep through loading or 
plastic deformation of tissues [10].

After the application of Bowen therapy for three alternate sessions, our study also showed significant improvements 
in hamstring flexibility in terms of sit and reach test and increase in range of motion in terms of popliteal angle. The 
strength of the hamstring muscle did not show much improvement after this treatment session but slight improvement 
was seen in strength when measured with the hand-held dynamometer.

The Bowen technique is named after late Tom Bowen who developed this technique in Geelong, Australia. It is a soft 
tissue remedial therapy, in which therapist uses fingers or thumb to apply gentle rolling moves over muscles, tendons, 
and other connective tissues in specific parts of the body [10].

F Ballantyne, G Fryer, P McLaughlin conducted a study to see the effect of muscle energy technique on hamstring 
extensibility concluded that there was an immediate increase in the range of motion of knee joint when measured with 
passive knee extension test following a single application of muscle energy technique. Since there was no evidence 
of visco-elastic change, the change in the range of motion was possibly due to an increased tolerance to stretch [11]. 

Muscle energy technique (MET) is a manual therapy technique [11] which targets the soft tissues primarily and 
can be called as active muscular relaxation technique [7]. It is a direct active post facilitating technique also known 
as post-isometric relaxation technique-PIRT which follow different principles individually [5]. It is a procedure in 
which controlled, voluntary isometric contractions of a target muscle group are widely advocated [8]. It is effective 
for lengthening of shortened muscle, strengthening the muscle as a lymphatic or venous pump to help drainage of 
fluids and for increasing range of motion (ROM). After muscle energy technique (MET) there is viscoelastic change 
in muscle which helps in increasing muscle flexibility [11].

After the application of muscle energy technique for three sessions alternately our study also showed significant 
improvement in the flexibility of hamstrings when measure with sit and reach test, increase in the range of motion was 
seen in the active knee extension test and significant increase was seen in the strength of the hamstring muscle which 
was measured using the hand-held dynamometer.

Hence our study concluded that when Bowen technique and muscle energy technique are compared they both are 
equally effective in increasing the flexibility, range of motion and strength of the hamstring muscle when delivered 
for three sessions alternately. 

It also concluded that Bowen technique proved to be a little more effective than MET in terms of increase in the 
range of motion as it was a passive technique and the muscle was relaxed completely because of the moves and 
deep pressure applied by the therapist. But on the other hand, MET proved to be significantly effective in increasing 
the strength of the hamstring muscle because this technique was an active technique and the subject had to actively 
participate and apply his own strength against the therapist. 

As per our knowledge, this is the first study which compared the effects of Bowen technique and muscle energy 
technique (MET) on hamstring tightness in healthy individuals with alternate three session intervention.

Hence both the techniques can be used clinically to increase the flexibility and strength of the hamstring muscle.

CONCLUSION

On the basis of statistical analysis, we conclude that 3 sessions on alternate days for a week proved to be effective in 
improving popliteal angle, sit and reach test for flexibility and hand held dynamometer for strength measurements in 
both Bowens technique as well as muscle energy technique but Bowen technique has shown more improvement in 
hamstring flexibility and ROM than muscle energy technique. Increase in strength was seen more in muscle energy 
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technique then the Bowen technique. Since this study has given a better result in normal subjects it can be recommended 
for the use of the patients with hamstring tightness. This study analyses the immediate effect of hamstring flexibility, 
so the maintenance of flexibility of hamstring muscle for long term can be done as a further study. These techniques 
can also be used for athletic population. Since this study recruited small number of subjects, the number of subjects 
can be increased in further studies.
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ABSTRACT

Background and objectives: Suboptimal breathing patterns and impairments of posture and trunk stability are often 
associated with musculoskeletal complaints such as low back pain. Respiration is also affected by poor neuromuscular 
control of core muscles. Immediate effects of hemibridge with ball and balloon exercise has been studied on chronic 
pain in athlete population. Objective: To evaluate the effects of hemibridge with ball and balloon exercise on pain, 
forced expiratory volume and functional abilities in patients with chronic low back pain using Visual Analogue Scale 
(VAS), Forced Expiratory Volume (FEV) and Modified Oswestry Disability Questionnaire (MODQ). Methods: The 
present experimental study was conducted among 30 participants between the age of 21 to 55 years with chronic 
non-specific LBP. The participants were given a hemibridge with ball and balloon exercise. Pre-interventional and 
3rd day Post-interventional outcome measurements were taken using VAS, FEV1 and FEV6 and MODQ. Results: 
The difference between pre-and post of VAS was statistically highly significant (p=0.0001). The p value of FEV6 and 
MODQ by paired t test was statistically significant with p value of 0.02 and 0.0007 respectively. Conclusion: The 
study concludes that there is an immediate effect of hemibridge with ball and balloon exercise on pain, FEV6 and 
functional ability in patients with chronic LBP. 
Keywords: Hemibridge, Forced expiratory volume, Pain, Chronic, Vitalograph COPD6

INTRODUCTION

Non-specific low back pain is the universal term that refers to any type of back pain in the lumbar region that is not related 
to severe pathology and does not have a specific cause [1]. It can either be acute subacute or chronic in nature [2].

In the Western industrialised countries, LBP is a major health problem [3]. The annual prevalence of LBP is stated 
to be 15% to 45% with a point prevalence of approximately 30% [4]. Sixty percent of individuals who experience 
acute LBP recover in 6 weeks and up to 80% to 90% recover within 12 weeks [4]. The incidence of LBP in India has 
been reported to be 23.09%. It has a lifetime prevalence of 60% to 85% [5,6]. Among these individuals, 67% have 
psychological problems, 57% were in blue colour job, 26% had to leave their profession and 38% were not satisfied 
with their present job [5].

Impaired kinematics of diaphragm and pelvic floor muscle and changes in breathing pattern were observed in patient 
with back pain undergoing a motor task. Studies have found that diaphragm contributes biomechanically to maintain 
trunk stability. It has been reported that, diaphragm by activation of the phrenic nerve, resulted in, an increase in intra-
abdominal pressure which eventually increases spinal stiffness. Diaphragm plays two roles - it is a primary muscle 
for respiration and also acts as a trunk stabilizer. Along with diaphragm, transversus abdominis, pelvic floor muscle 
and multifidus also stabilize the trunk. The tonic activities of the transversus abdominis and diaphragm are regulated 
to meet respiratory demands during both inspiration and expiration and provide spinal stability, when there are 
monotonous limb movements. It has been found that, inefficient muscular stabilization results in delayed contraction 
of transverses abdominis causing LBP. Therefore, these changes in kinematics of trunk stabilizers may be responsible 
for back pain [7].
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Suboptimal breathing patterns and impairments of posture and trunk stability are often associated with low back pain. 
Treatment with traditional core stabilization exercises has caused recurrence of LBP. Respiration is also affected by 
poor neuromuscular control of core muscles. Immediate effects of Bridge Ball and Balloon exercise has been studied 
on chronic pain in athlete population. These exercises provide an optimal zone of apposition (ZOA) of the diaphragm 
that may help to address LBP. These exercises have been designed in such a way, that all the core muscles get 
recruited while performing the exercises [8]. Extensive research has been done in the field of physiotherapy on acute 
LBP. Limited evidence is available for chronic LBP with hemibridge with ball and balloon exercise in non-athlete 
population.

Hence the need of the study arises to evaluate the effects of hemibridge with ball and balloon exercise on pain, forced 
expiratory volume and functional abilities in patients with chronic low back pain using Visual Analogue Scale (VAS), 
Forced Expiratory Volume (FEV) And Modified Oswestry Disability Questionnaire (MODQ).

METHODS

Participants

Twenty-nine participants were included in the study from tertiary care hospital. 

Inclusion criteria 

Patients with age group 21 to 55 years, twelve weeks from the first onset of pain (chronic pain), non-specific LBP.

Exclusion criteria

Central nervous system dysfunction (hemiparesis, myelopathy, cerebellar ataxia) radiculopathy, acute and subacute 
LBP, amputation of lower limb, angina, and other cardiac conditions.

Participants were briefed about the nature of the study and the intervention and only those willing to take intervention 
for 3 days, informed consent was obtained and were recruited for the study.

A baseline assessment of pain, FEV1 and FEV6 and functional abilities was done using VAS, FEV and MODQ.

Equipment

Vitalograph COPD6, ball (squeeze ball) and balloon.

The procedure for FEV is as follows. FEV will be performed in sitting position. Patients will be asked to take a 
maximal inspiration and then to forcefully expel air for as long and as quickly as possible.

Measurement that are made include:

1) FEV1: Forced expiratory volume in 1 second

2) FEV6: Forced expiratory volume in 6 seconds [9].

Protocol

Participants were given exercise called as hemibridge with ball and balloon exercise for 3 sessions over 3 days 
(Figures 1a and 1b).

Instructions 

1) Lie on back with feet on a wall and knees and hips bent at 90° angle. 

2) Place a 4-6” ball between knees 

3) Place right arm above head and a balloon in left hand 

4) Inhale through nose and as exhale through mouth perform a pelvic tilt so that tailbone is raised slightly off the mat. 
Keep low back flat on the mat. Do not press feet flat in the wall; instead dig down with heels 

5) Shift left knee down so that it is below the level of right without moving feet. should feel left inner thigh engage. 

6) With left knee shifted down, take right foot off the fall should feel the back of the left thigh engage. Maintain this 
position for the remainder of the exercise. 



Fernandes, et al. Int J Med Res Health Sci 2017, 6(8): 47-52

49

7) Now inhale through nose and slowly blow out into the balloon 

8) Pause 3 seconds with tongue on the roof of mouth to prevent airflow out of the balloon. 

9) Without pinching the neck of the balloon and keeping tongue on the roof of the mouth, inhale again through nose. 

10) Slowly blow out as stabilize the balloon with hand. 

11) Do not strain neck or cheeks as blow. 

12) After the fourth breath in, pinch the balloon neck and remove it from mouth. Let the air out of the balloon. 

13) Relax and repeat the sequence 4 more times [8].

 

Figure 1 (a) Copyright© Postural Restoration Institute TM, used with permission

 

Figure 1 (b) Copyright© Postural Restoration Institute TM, used with permission

Figure 2 Participant flow diagram
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RESULTS

Demographic data of the participants are provided in Table 1. The participants treated with hemibridge ball and balloon 
exercise for LBP and FEV had significantly greater postintervention reduction in pain and FEV6 (p<0.05*). Post 
intervention they also demonstrated significantly greater change in functional ability in the participants (p<0.0007). 
No significant change was found in FEV1 (p=0.09). Complete results of Mann-Whitney U test and paired t-test are 
provided in Table 2. Seventeen participants dropped out after the first session as they were expecting faster results 
(Figure 2). No adverse effects were reported.

Table 1 Demographic characteristics of the subjects

Participants (n= 29) Mean ± SD
Age (years) 27.7 ± 7.5

Gender (n)
Women 18

Men 12
Weight (kg)  66.3 ± 9.6
Height (cm) 165.5 ± 9.8 

BMI 24.3 ± 3.1

Table 2 Values of Pain, FEV1, FEV6 and MODQ

Variables Pre-treatment (n=29) Post treatment (n=29) p-value
VAS 4.8 ± 1.1 4.4 ± 1 0.0001*

FEV1 3.5 ± 0 3.5 ± 0 0.09
FEV6 4.12 ± 0.86 4.14 ± 0.89 0.0244*

MODQ 19.4 ± 8.3 18.3 ± 8.4 0.0007*
* p<0.05; Values are mean ± SD

DISCUSSION

This study used hemibridge with ball and balloon exercises, to correct the postural instability which is a cause to 
pain. The pain scores on VAS were low when measured prior to the treatment. Even though statistically significant 
change was noted, clinically very minimum change was seen. The ZOA of the diaphragm is an important element 
that helps to maintain optimal respiration and trunk stabilization, thereby preventing LBP. The exercise used in the 
present study targeted the ZOA and spine to a proper position, so that the diaphragm can function effectively to 
perform respiration and to maintain posture. These exercise cause slow breathing and is considered further to relax the 
neuromuscular system and decrease the resting muscle tone. Respiratory function has been reported to be related to 
low back pain. A correlation study done by Mellin indicate that chronic low back pain is associated with the restriction 
of the movements in the thoracic spine and this association may affect respiratory function test [10]. In the present 
study, the value of FEV1 showed clinically minimum change.

The FEV6 values were statistically significant. The change in the FEV6 could be attributed to the component of 
blowing the balloon of hemibridge with ball and balloon exercises. During the activity, coordinated activity of 
transversus abdominis and diaphragm is required to maintain respiration and stability. During inhalation, there is 
concentric contraction of diaphragm and eccentric contraction of transversus abdominis and during exhalation there 
is concentric contraction of transverses abdominis and eccentric contraction of diaphragm. Blowing the balloon 
requires deep inhalation followed by forceful exhalation. The eccentric contraction of both diaphragm and transversus 
abdominis during exhalation and inhalation may have developed strength and optimize ZOA and therefore improve 
the respiratory function [8].

The hemibridge with ball and balloon exercise is designed to promote optimal posture by utilizing the diaphragm 
in the most efficient way and correcting the lumbar spine position. It also concentrates on neuromuscular control of 
the deep core muscles. Activation of these muscles may have contributed to correction of lumbar lordosis, thereby 
correcting faulty posture causing pain. Blowing the balloon during exhalation helps in the activation of the abdominal 
muscles and inhibition of the paraspinal muscles. This also contributes in the correction of the lumbar lordosis thereby 
increasing the functional ability of the participant [8].
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Limitation

Long term follow-up of pain, FEV1, FEV6 and MODQ could not be assessed. A large majority of participants dropped 
out of the study after the first session as they were expecting quick relief within one session.

Future Scope 

ZOA could have been assessed using Diagnostic ultrasound. Use of EMG biofeedback to study each of the muscle 
recruited during the exercise to correct posture and prevent pain. Effects of these exercises can be studied in acute and 
subacute cases of LBP.

CONCLUSION

The study concludes that there are immediate effects of hemibridge with ball and balloon exercise on pain, FEV6 and 
functional ability in patients with chronic low back pain. The traditional notion that the chronic nonspecific LBP can 
be treated only with the electrotherapeutic should be abandoned and newer and creative methods of exercise therapy 
should be implemented to correct non-specific low back pain.

Findings

Using hemibridge ball balloon exercise changes the position of ZOA thus improving the efficacy of the diaphragm to 
act as a strong trunk stabilizer and therefore reducing LBP.

Implications

These exercises are easy to administer and can be performed at home independently also, results can be attend quickly 
and is cost effective. Continuation of these exercise can correct the improper posture.

Caution

Our study examined the immediate effect of hemibridge with ball and balloon exercise on pain, FEV1, FEV6 and 
quality of life. The effects of chronic application of these exercises and its long-term effects is yet to be examined.
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ABSTRACT

Background: Hip adductors are a group of muscles that stabilize the pelvis during weight transfer in lower limbs in a 
gait cycle. This muscle group commonly goes into tightness as the full available range of motion is scarcely used which 
in turn may be a predisposing factor in the development of knee and low back pain. Aim: Traditional method of static 
stretching has proved to be effective in reducing tightness. Foam roller is an upcoming method used for stretching of 
various muscle groups which has shown superior results. The aim of the study was to compare the treatment methods. 
Methods: Thirty young healthy individuals were selected after screening for bilateral hip adductor tightness using 
smartphone inclinometer for hip abduction range of motion. They were randomized to either the foam roller or static 
stretching group. Subjects attended a baseline session, followed by 5 days intervention, and reassessment on the 5th 
day post intervention. Outcome measures used were hip abduction range of motion using smartphone inclinometer, 
single leg hop test and 8 direction star excursion balance test for dynamic postural stability. Results: Both the groups 
showed significant improvements in hip abduction range of motion, single leg hop test and SEBT. When compared, 
the foam roller group showed marginally better results than static stretching. The results also showed significant pre-
post differences within the respective groups. Conclusion: Treatments have shown significant results in both groups 
however, myofascial release with foam roller has proved to be marginally more effective than static stretching in 
releasing hip adductor tightness, increasing hip abduction range of motion and improving dynamic balance.

Keywords: Tightness, Myofascial release, Foam roller, Smartphone inclinometer

INTRODUCTION

Tightness is defined as adaptive shortening or lengthening of a muscle and its connective tissue which is a slow, non-
pathologic process occurring in response to the range of motion being utilized in the related joints. With shortening the 
connective tissue elements of a muscle are in a continuously shortened state and the muscle has increased reactivity 
to both central and peripheral stimuli [1]. Morphologically, there is a reduction in the number of sarcomere units 
in series, there is no decrease in individual sarcomere length and it can be resolved in a relatively short time with 
stretching exercises [2]. Tightness of hip adductors is relatively common and may result from adaptive changes in 
muscles that are not routinely stretched [3]. Hip flexibility has been identified as one of the primary etiologic factors 
associated with musculotendinous strains. Groin injuries account for 10% to 18% of all soccer injuries [4,5].

The adductors function by reflex response to gait activities. In bilateral stance, the adductors act as synergists to 
the abductor muscles when both feet are on the ground thus enhancing side to side stabilization of the pelvis [6]. 
Functional role of adductors is to stabilize the pelvis during weight shifting from one limb to the other. This role is 
seen during gait as the adductors contract during the transitions from stance phase to swing and swing to stance [3].

Causes of adductor tightness can be a secondary complication due to underlying pathology as seen in disorders 
of central nervous system resulting in spasticity which include cerebro-vascular accidents (strokes), cerebral palsy, 
multiple sclerosis, in individuals advised bed rest and who do not receive active or passive exercise [3]. Other factors 
include sedentary lifestyle, postural malalignment, and muscle imbalances etc. [2].
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In an ambulatory individual, extreme tightness of the adductors of the hip can create significant problems in gait, 
leading to Scissors gait. During swing, the limb with the tightness may have difficulty passing the stance limb, causing 
the individual to trip over the stance limb. The limb with the tightness also may land in front of the opposite limb at 
the beginning of the double limb support, again presenting a threat to tripping [3]. Hip adductor tightness has been 
associated with patellar maltracking leading to patellofemoral pain syndrome [7]. In recent research the strength and 
low flexibility of hip muscles is also being reviewed as a cause for low back pain [8].

Stretching involves the application of manual or mechanical force to elongate or lengthen structures that have 
adaptively shortened and are hypomobile [9]. Three methods of stretching to develop flexibility have emerged: ballistic 
stretching, static stretching, and proprioceptive neuromuscular facilitation (PNF) techniques. Static stretching has 
become the most widely used method for increasing ROM because of the simplicity of execution and lower potential 
for tissue trauma [10]. Recent study has proved that static stretching and PNF techniques were equally effective for 
immediately increasing flexibility of the hip adductors in female ballet dancers [11].

Static stretching is a commonly used method of stretching in which soft tissues are elongated just past the point of 
tissue resistance and then held in the lengthened position with a sustained stretch force over a period of time. The 
duration of static stretch is based on the patient’s tolerance and response during the stretching procedure. The duration 
of a single stretch cycle can range from 5 seconds - 5 minutes [2].

Myofascial release (MFR) refers to the manual massage technique for stretching the fascia and releasing bonds between 
fascia and integuments, muscles, bones, with the goal of eliminating pain, increasing range of motion and balancing 
the body. The fascia is manipulated, directly or indirectly, allowing the connective tissue fibers to reorganize into a 
more flexible, functional fashion. The purpose of MFR is to release restrictions within the deeper layers of fascia. 
Evidence shows that MFR is safe, effective, and designated to be utilized individually or with appropriate modalities, 
mobilization, exercise, and flexibility programs [12].

MFR is classified under two broad categories: direct myofascial release, indirect myofascial release [7]. In indirect 
MFR the individual uses a soft roll, or ball (tennis ball, soccer ball) on which one has to rest his body weight, then, 
by using gravity to induce pressure along the length of the specific muscle or muscle groups, rolls their body on the 
object, slowly (1-2 seconds an inch), allowing for the fascia to be massaged. Upon sharp pain, individual must back 
up and hold the position, so as to not force undue stress upon the fascia and muscle. By holding the roll just before 
the pain, it allows the myofascial time to relax and release before continuing through the roll. If the pain does not go 
away, one may have to use a softer object [13].

There are many studies proving interventions effective on muscles like quadriceps, hamstrings, etc. But there is paucity 
of literature in hip adductor tightness. Hence this study is aimed at finding the effectiveness of static stretching and 
MFR with foam roller in reducing hip adductor muscle tightness and comparing the effect of both the interventions.

METHODS

Study Design

Randomized clinical trial.

Ethics

The study was approved by the institutional ethics committee on 29/10/2014, in accordance with the ethical standards 
of experimentation.

Sample Size 

Fifteen subjects were included in each group; hence the total study population was 30.

2

10 (21.16 3.24)
5

Z × +
=

2

10 (21.16 3.24)
5

Z × +
= =15 

where, d1=11; d2=16; S1=4.6; S2=1.8
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Inclusion and Exclusion Criteria

The inclusion criteria were: 

1) Healthy males and females in the age group of 18-25 years 

2) Subjects with hip abduction less than 35 degrees unilaterally 

3) Subjects willing to participate.

The exclusion criteria were: 

1) Present pathology of hip and spine 

2) Previous history of hip trauma/surgery 

3) Subjects with limb length discrepancy of the lower limb 

4) History of low back pain in the past six months 

5) Hip joint hyper mobility 

6) UMN/LMN lesion 

The subjects who met the inclusion and exclusion criteria were included in the study.

Grouping

Thirty subjects were randomly allocated into two groups by using the envelope method. Brief demographic data was 
taken. Group A was given static stretching (n=15) and Group B was given myofascial release with foam roller (n=15).

Methodology

Group A was given static stretching. The subject was positioned in supine on the treatment table. The non-treatment 
leg rested outside the table with knee positioned at 90 degrees. The treatment leg was passively stretched for 30 
seconds hold, for 4 sets of 2 repetitions with 30 seconds interval between the repetitions.

Group B was given myofascial release with foam roller (manf: co-fit 90 cm, blue, smooth surface). The subject was 
given a demonstration by the therapist and guided with instructions while performing the release. The foam roller 
was positioned beneath the adductor muscles with hip in abduction and external rotation while the patient assumed a 
prone lying position with the body weight supported on elbows. This was performed for 4 sets of 2 repetitions with 
30 seconds interval between repetitions. 

The therapy was given to one hip adductor muscle group followed by the other. Both the results were compared.

The outcome measures used in this study were Hip Abduction Range of Motion using Smartphone Inclinometer 
for flexibility; Single Leg Hop Test and 8 Direction Star Excursion Balance Test for dynamic stability. The values 
were assessed for the dominant and the non-dominant leg. Pre-intervention values of all the outcome measures in the 
subjects were noted prior to the beginning of the study on Day 1. This was followed by intervention for 5 consecutive 
days. The post intervention measures were taken on Day 5 and the values were compared.

Statistical Analysis

The statistical analysis was done using the SPSS Version 16 software. p<0.05 was considered significant, paired t-test 
value, SD and mean of the data were analyzed and compared.

After screening 50 subjects for hip adductor tightness, 30 subjects who met the inclusion and exclusion criteria were 
taken for the study and were randomly allocated to either Group A (static stretching) or Group B (foam roller). Group 
A had 3 males and 12 females and Group B had 4 males and 11 females.

RESULTS

There was no significant change in the baseline characteristics between both the groups (Table 1).
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Table 1 Comparison of two groups (Group A and Group B) with respect to age, height, weight, and BMI scores

Variables Group A Group B t-value p-valueMean SD Mean SD
Age 21.4 2.23 22 1.31 -0.8987 0.3765

Height 158.13 16.23 162.8 6.56 -1.0327 0.3106
Weight 59 11.03 54.8 5.28 1.3299 0.1943

BMI 25.92 12.65 20.63 1.51 1.6084 0.119

Outcome Measures Analysis

Hip Abduction ROM

There was a significant difference in the pre- and post-test values of hip abduction range of motion for the right and 
left leg in both the groups. The % of change in Group B right: left (42.3:45.9)% was more in both legs as compared 
to Group A: Right: Left (33.5:32.0)% (Figure 1).
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Figure 1 Comparison of two groups (Group A and Group B) with respect to range of hip abduction scores in right and 
left sides at pre- and post-test

Single Leg Hop Test

There was significant difference in the percentage of change in Group A in both right and left leg (10.6%; 11.6%). 
However, there was no change in the values of Group B in both legs in Single Leg Hop Test. There was a difference 
in the pre- post values for right and left leg in both the groups (Figure 2).

Star Excursion Balance Test

There was a significant difference in the pre- and post-test values of right and left ranges in the star excursion balance 
test in both the groups. In anteromedial, medial, posteromedial, posterior, and posterolateral groups there was a 
significant difference in Group A and Group B. In anterolateral group there was a significant difference in the right 
side in Group A and right and left in Group B. In anterior group there was a significant difference in the per cent of 
change in right and left in Group A and left in Group B. In the lateral group there was a significant difference in the 
per cent of change in the left side of Group A and left and right of Group B.
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Figure 2 Comparison of two groups (Group A and Group B) with respect to single leg hop test scores  
in right and left sides at pre- and post-test

DISCUSSION

The current randomized clinical trial found that both static stretching and myofascial release with foam roller when 
given for 5 days intervention reduces hip adductor muscle tightness. There was a clinically and statistically significant 
difference in hip abduction range of motion, single leg hop test and SEBT AM, M, PM, P, PL for both the groups. In 
A, AL, L groups the change was clinically significant but statistically not significant. Group B:  i.e., foam roller group, 
showed marginally better results when compared to Group A This suggests that foam roller is a slightly better option 
in reducing tightness of hip adductors when subacute effects are intended.

According to the available literature there is dearth of evidence that states the effectiveness of myofascial release with 
Foam roller for hip adductor tightness for subacute duration and comparing these effects with conventional stretching 
protocols.

A study was done by McDonald, et al. to evaluate the effect of an acute bout of self-myofascial release on quadriceps 
using foam roller on ROM, the study showed significant results. The proposed theory for increased range of motion 
was that after foam rolling there is a change in the thixotropic property of the fascia encasing the muscle. Fascia is 
made up of colloidal substances, and when it is disturbed, via heat and mechanical stress, it softens and takes on a 
more gel-like state, but when left undisturbed it thickens and becomes more viscous, taking on a more solid state and 
forms cross links inhibit improper biomechanics and decrease ROM.  The use of foam roller mechanically shears out 
these crosslinks and remobilize the fascia back to its gel like state, increasing the soft tissue compliance and hence 
allowing greater ROM [14].

Similar mechanism was explained by Roylance, et al. who performed a study to compare the effectiveness of static 
stretching and postural alignment exercises when given with and without foam roller, the group which received foam 
roller in conjunction with static stretching and postural alignment exercises had shown improvements in the joint 
range of motion [15].

A study was done by Davis, et al. to determine the effectiveness of 3 stretching techniques on hamstring flexibility 
using consistent stretching parameters, the results showed increased hamstring length after static stretching protocol. 
Static stretching is a common technique used by strength and conditioning specialists and athletes to increase muscle 
length. This type of stretching takes the muscle to its end range and maintains this position for a specified duration. 
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Mechanism of static stretching static stretching may be the facilitation of the Golgi tendon organ (GTO). Static tension 
placed on the muscle tendon unit has been shown to activate the GTO, which may produce autogenic inhibition of the 
muscle that is stretched [16].

The same mechanism for increased hip abduction ROM was stated in a study conducted by Rubini, Ercole, et al. 
which was done to determine the immediate effect of static and proprioceptive neuromuscular facilitation on hip 
adductor flexibility in female ballet dancers [17].

A study by Solanki, et al. was done to compare the immediate effects of adductor stretch MWM versus MET to check 
hip adductor flexibility by using Single Leg Hop Test and SEBT which gave positive results, the present study has 
used the same outcome measures to assess muscle flexibility and has shown positive results [18].

Future scope for the present study could be a follow up of the study population to confirm the association of hip 
adductor tightness in PFPS and low back pain and compare it with age, BMI matched controls.

CONCLUSION

Administration of a 5-day intervention for myofascial release with foam roller has proved to be more effective than 
static stretching in releasing hip adductor tightness, increasing hip adduction range of motion and improving balance 
when subacute effects are intended.
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ABSTRACT 

  

Background: There is an emerging attention toward the health of adolescents because the behaviour 

patterns adopted during this period have long-lasting positive as well as negative effects on future 

health and well-being.  

Objective: To evaluate the effectiveness of structured teaching programme on knowledge regarding 

the identification and management of adolescent crisis among high school teachers.  

Methods: The study was conducted using one group pretest-posttest design. The study included 30 

high school teachers. The selected high school teachers who were willing to participate were included 

in the study. Pre- and posttest knowledge of the teachers was assessed by using a structured 

questionnaire after imparting a structured teaching programme on the identification and management 

of adolescent crisis. A paired t-test was used to compare the means of pre- and post-test knowledge 

scores. 

Results: The pretest mean score was 17±3 and the posttest mean score was 31.8±1.88. The calculated 

t-value was 27.11, which was highly significant with p<0.001. This demonstrated that the structured 

teaching programme was an effective method for imparting the knowledge regarding the 

identification and management of adolescent crisis among government high school teachers.  

Conclusion: The findings of the study reasonably concluded that structured teaching programme as 

an effective intervention improves the knowledge regarding the identification and management of 

adolescent crisis.  

 

Keywords: Structured teaching programme, randomized control trial, adolescent crisis, high school 

teachers 

 

INTRODUCTION 

Adolescence, one of the critical 

transitions in the life span, is defined as the 

period of developmental transition from 

childhood to adulthood including physical, 

social, and cognitive changes. 
[1]

 Now a 

days, there is a growing attention to the 

health of adolescents, as 20% of India’s 

population are of adolescents. Also, the 

foundations laid during this period in terms 

of health, education and skills have 

profound effects for social and economic 

development. Moreover, healthy, educated, 

and skilled adolescents are more important 

not only for the future, but also for the 

present. 
[2]

 Adding to these positive 

implications, adolescents also develop bad 

habits such as alcohol consumption, 

cigarette smoking, drug addiction, initiate 

sexual relationships, dropout from school at 

earlier ages. Behaviour patterns that are 

adopted during this phase either stimulate 

new adaptive ways of coping or may lead to 

regression and maladaptive coping 
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responses. 
[3]

 Therefore, during this phase, 

teachers, parents and peers have unique 

opportunities to influence the young people 

to promote adolescent development and 

adjustment and also to intervene efficiently 

when problems arise. 
[3]

 In addition to these, 

schools also play a major part in the 

psychological, intellectual, and vocational 

development of adolescent. 
[4]

 Hence, this 

research study was conducted to enhance 

the teachers’ knowledge about identification 

and management of adolescent crisis. 

Hypotheses 

H1: The mean post-test knowledge scores of 

the high school teachers will be significantly 

higher than their mean pre-test knowledge 

scores at 0.05 level of significance. 

H2: There will be statistically significant 

association between the pre-test knowledge 

scores with the selected demographic 

variables. 
 

METHODOLOGY 

Evaluative research approach with 

one group pretest-posttest design was 

adopted for the study. The subjects were 

chosen by using simple random sampling-

lottery method. The sample comprised of 30 

government high school teachers from 

Belagavi. STP was prepared. The tools used 

for data collection were proforma for 

sociodemographic data and structured 

knowledge questionnaire containing 35 

items on aspects about identification and 

management of adolescent crisis. The 

content validity index was reported to be 

0.74 for the structured knowledge 

questionnaire. 
[5]

 The reliability of the 

framed tool was tested by split-half method 

using Karl Pearson’s coefficient correlation. 

The reliability of the tool was found to be 

0.87. 
[6]

 After obtaining the requisite 

permission and the ethical committee 

clearance, the pilot study was conducted to 

determine the feasibility of the employing 

study. Initially, the recruited subjects were 

evaluated using proforma for 

sociodemographic data and structured 

knowledge questionnaire to obtain 

knowledge level about identification and 

management of adolescent crisis and then 

STP was applied to the group on the same 

day. Posttest scores were calculated using 

same tool on day 7 from the date of pretest. 

Finally, the data obtained were tabulated 

and analyzed by both descriptive and 

inferential statistics. 
 

RESULTS AND DISCUSSION 

The conceptual framework of the 

present study is based on Ludwig Von 

Bertalanff’s General System Theory. 
[7]

 The 

study focused on the evaluation of STP on 

identification and management of 

adolescent crisis among selected 

Government high school teachers. The 

findings of the study are discussed under the 

following headings. 

Out of 30 school teachers recruited 

to the study, 12 (40%) were in the age-

group of 14-50 years, 10 (33%) in the age-

group of 31-40 years, 6 (20%) in >51 years 

age-group, and 2 (7%) in 21-30 years age-

group. A total of 20 (67%) teachers were 

women and remaining 10 (33%) were men. 

Out of 30 teachers, 22 (73%) were Hindu 

and remaining 8 (27%) were Muslim. The 

findings on educational qualification of high 

school teachers showed that 22 (73%) were 

BEd, 5 (17%) were MEd, 2 (7%) had done 

other course and remaining 1 (3%) was 

BpEd. Also, 15 (50%) teachers had 

experience of 16 years or more, 8 (27%) had 

11-15 years of experience, 5 (16%) had 6-10 

years of experience, and 2 (7%) had 0-5 

years of experience in teaching.  

In pretest, 16 (53%) high school 

teachers had average knowledge, 8 (27%) 

had poor knowledge, and 6 (20%) had good 

knowledge. This showed that most of the 

people have lack of proper knowledge 

regarding management of adolescent crisis. 

It was supported by similar studies 

conducted by Paul et al 
[8]

 on knowledge 

and attitude towards alcoholism among 

adolescents. The study finding disclosed 

that 6% had good knowledge, 76% had 

average knowledge, and 18% had poor 

knowledge (Table 1). 
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The comparison between pre- and 

posttest knowledge scores of high school 

teachers were found to be significant at t29 

=27.11 (p>0.05). The significant results 

obtained suggest that STP helped to gain 

knowledge regarding the identification and 

management of adolescent crisis. Hence H1 

was accepted (Table 2) The results obtained 

are in accordance with the studies conducted 

by Kumar et al. (2013) where statistically 

significant improvement was observed in 

knowledge regarding the harmful effects of 

alcohol and tobacco use (t = 27.61, p = 

0.001). 
[9]

 

The paired t-test was computed to 

determine the pretest knowledge scores with 

selected sociodemographic variables except 

gender. Only gender (χ
2 

= 9.1) has 

statistically significant association with 

knowledge scores, whereas the rest of the 

variables such as age, religion, educational 

qualification, and total year of experience in 

teaching were nonsignificant. Similar 

findings were observed in a study done by 

Sharma. 
[10]

 The results showed no 

significant relationship between pretest 

knowledge scores. 
 

Table 1: Frequency (f) and percentage (%) distribution of 

knowledge scores among high school teachers 

Knowledge scores Pretest (n) Posttest (n) 

Frequency % Frequency % 

Good (20>) 6 20 30 100 

Average (15-19) 16 53 00 00 

Poor (<14) 8 27 00 00 

 

Table 2: Comparing knowledge score 

Group Knowledge score Paired  

t-test 

df 

Pretest 

score 

Posttest 

score 

Increased 

17±3 31.8±1.88 14.8 27.11 29 

p<0.001 

 

CONCLUSION 

The study findings revealed a 

significant difference in the knowledge 

scores in pretest when compared to posttest 

score. The results of this study add support 

to the use of STP as an effective 

intervention to improve the knowledge 

about the identification and management of 

adolescent crisis. It may also benefit in early 

detection and management of adolescent 

crisis, which in addition helps in creating 

productive children to the community.  
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ABSTRACT 

 

Epilepsy is one of the oldest diseases known to human. The term epilepsy is derived from the Greek 

word “epilamabavian” meaning is “to seize or to take hold of”. According to Hippocrates it was a 

disease of the brain. The incidence is about 1 in every 200 to 300 persons. The epilepsy is a symptom 

complex of several disorders of brain function characterized by recurring seizures. Thus, epilepsy is 

not a disease but a symptom. There may be associated loss of consciousness, excess movement or loss 

of muscle tone or movement, disturbances of behavior, mood, sensation, and perception. 

Sudden unexplained death in epilepsy (SUDEP) occurs in small percentage of person with epilepsy. 

An effective anticonvulsant should control seizures and also prevent recurrent seizure activity. In 

many settings nurses and parents focus on individual treatment. The role of nurse in the management 

and education of patient with epilepsy and their family is most important. Nurses are highly valid for 

providing care, advice and support to the patients with epilepsy and their family members. 

 

Key words: effectiveness, Structured teaching program, knowledge, first aid management of epilepsy, 

family members. 

 

INTRODUCTION  

Epilepsy is not a disease. It is a sign or 

symptom of an underlying neurological 

disorder. 

Epilepsy is a common medical and 

social disorder or group of disorders with 

unique characteristics. Epilepsy is usually 

defined as a tendency to recurrent seizures. 

The word “epilepsy” is derived from Latin 

and Greek words “epiamabavian” meaning 

is “to seize or to take hold of”. According to 

Hippocrates it was a disease of the brain. In 

later ages it becomes known as “the falling 

sickness” with the victim being consigned to 

as glum as for the insane. Regardless of the 

insight gained into epilepsy, lack of 

knowledge, stigma and fear are associated 

with this problem. 
[1]   

Epilepsy is a neurological disorder 

characterized by unprovoked, recurring 

seizures that disrupt the nervous system and 

can cause mental and physical dysfunction. 
[2] 

This disturbance occurs due to the 

uncontrolled over activity of brain cell, and 

is seen in as a seizure that can last for 

several second, minute or occasionally 

hours. 
[3]

 There may be associated loss of 

consciousness, excess movement or loss of 

muscle tone or movement, disturbances of 

behavior, mood, sensation, and perception. 
[4] 

Based on the clinical features of the 

attack the seizures are classified in to five 

groups, as Grand mal (major or 

generalized), petit mal, psychomotor, 

jacksonian and focal, miscellaneous 

(myoclonic, akinetic) seizures. 
[5]
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An effective anticonvulsant should control 

seizures and also prevent recurrent seizure 

activity. 
[6]

 First aid management is the 

immediate treatment given to the victim of 

an accident or sudden illness, before 

medical help is obtain. 
[7]

 

In many settings nurses and parents 

focus on individual treatment. The role of 

nurse in the management and education of 

patient with epilepsy and their family is 

most important. Nurses are highly valid for 

providing care, advice and support the 

patient with epilepsy. 
[8] 

In many settings nurses and parents 

focus on individual treatment. The role of 

nurse in the management and education of 

patient with epilepsy and their family is 

most important. Nurses are highly valid for 

providing care, advice and support the 

patient with epilepsy. 
[1] 

 

MATERIALS AND METHODS 

 A evaluative study was conducted 

on Structured Teaching Programme for 

family members of patient with epilepsy 

regarding first aid management of epilepsy  

in K.L.E Dr. Prabhakar Kore Hospital and 

MRC, Belagavi  using a one group pretest 

and post test research design. A study was 

conducted on 30 members in K.L.E Dr. 

Prabhakar Kore Hospital and MRC, 

Belagavi, to assess their knowledge 

regarding first aid management of epilepsy. 

Purposive sampling technique was used for 

sample selection. The structured interview 

schedule is used in the study consists of 2 

sections, namely section A and B. Section A 

consists of 9 questions seeking the 

demographic data of the subjects. Section B 

consists of 30 multiple choice items related 

to knowledge items with 4 options. A 

scoring system is developed for the items. 

Each correct answer is assigned a score of 

„one‟ and wrong answer a score of „zero‟. 

The total score of section B is 30. The 

collected data was tabulated and analyzed in 

terms of descriptive and inferential 

statistics. 

 

 

RESULTS 

TABLE 1: The data presented in table 1 

indicates that 

1. Indicates the distribution of respondents 

by age. Majority of the respondents 

11(36.67%) are belongs to the age group 

of 15-30 and 30-45 year, 8 (26.67%) 

respondents are belongs to 45-60 year. 

2. Indicates the distribution of respondents 

by Gender. In respondents 18 (60%) are 

male and 12 (46%) are female 

3. Indicates the distribution of respondents 

by duration of epilepsy illness of the 

patient. In respondent‟s family member 

13(43.33%) are suffered by epilepsy 

illness for less than 1 year, 14(46.67%) 

are suffered for 1-5 years and 3(10%) of 

respondents are suffered for more than 5 

years duration.  

4. Indicates the distribution of respondents 

according to their relationship with the 

patient. In respondents 4 (13.33%) 

person‟s husband or wife, 6 (20%) 

persons child and 8 (26.67%) person‟s 

brother or sister and 12 (40%) person‟s 

are other  suffered by epilepsy illness‟s.    

5. Indicates the distribution of respondents 

according to their marital status. Among 

respondents majority of them 

22(73.33%) are married, 8(26.67%) are 

single and no one is widow or divorced. 

6. Indicates the distribution of respondents 

according to their type of family. 

Majority of the respondents 17(53.67%) 

are living in nuclear family, 13(43.33%) 

are living in joint family and none of 

them are living in extended family. 

7. Indicates the distribution of respondents 

according to their type of family. 

Majority of the respondents 17(53.67%) 

are living in nuclear family, 13(43.33%) 

are living in joint family and none of 

them are living in extended family 

8. Indicates the distribution of respondents 

according to their educational status. 

Majority of the respondents 9(30%) are 

having secondary and PUC, 2(6.67%) 

are having primary, 3(10%) are having 

under graduate and 6(20%) are illiterate 
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9. Indicates the distribution of respondents 

by occupation. Among respondents 

majority of them 18(60%) are employed 

and 12(40%) are unemployed. 

SECTION I: Findings of demographic variables of respondents 
TABLE-1: Frequency and percentage distribution of respondents to socio demographic variables. n=30 

SR.NO. Demographic variables Frequency(f) Percentage (%) 

1. Age   

 15-30 11 36.67% 

 31-45 11 36.67% 

 46-60 8 26.67% 

  above 60 0 0% 

2. Gender   

 Male 18 60% 

 Female 12 40% 

3. Duration of illness   

 less than 1 year 13 43.33% 

 1 to 5 yr 14 46.67% 

 more than 5 yr 3 10% 

4. Relationship of respondents   

 husband/wife 4 13.33% 

 father/mother 6 20% 

 brother/sister 8 26.67% 

 other 12 40% 

5. Marital status   

 single 8 26.67% 

 married 22 73.33% 

 divorced 0 0% 

 widow 0 0% 

6. Religion   

 Hindu 25 83.33% 

 Muslim 4 13.33% 

  Christian 0 0% 

 Others 1 3.33% 

7. Type of family   

 Nuclear 13 56.67% 

 Joint 17 43.33% 

 Extended 0 0% 

8. Educational status   

 Illiterate 6 20% 

 Primary 2 6.67% 

 Secondary 9 30% 

 PUC 9 30% 

 under graduate 3 10% 

 post graduate 1 3.33% 

9. Occupation   

 employed 18 60% 

 unemployed 12 40% 

Section II: Findings related to the effectiveness of structure teaching programme by 

comparing the pre-test and post-test knowledge scores. 
TABLE -2: Comparison of pre and Post test knowledge level of respondents regarding first aid management of patient with 

epilepsy.    n= 30  

Knowledge 

Score 

Category Pre test Post test 

Frequency Percentage Frequency Percentage 

<10 Poor 10 33.33% 0 0% 

10-20 Average 20 66.67% 19 63.33% 

> 20 Good 0 0% 11 36.67% 

Total 30 100% 30 100% 

Table 2 shows the comparison of pre and 

post test knowledge level of respondents 

regarding first aid management of patient 

with epilepsy. When comparing, in pre test 

majority of the respondents 10(33.33%) 

have poor knowledge, where as in post test 

nobody is having inadequate knowledge; 

20(66.67%) respondents are having average  

knowledge in pre test, where as in post test 

19(63.33%) respondents have average 

knowledge. In pre test nobody is having 

good knowledge when comparing to post 

test 11(36.67%) respondents are having 

good knowledge .It shows that there is an 

increase in knowledge score in post test 

after the structured teaching program. 
 

TABLE-3:Mean, median, mode standard deviation and range 

of knowledge scores of subject regarding first aid management 

of epilepsy.  n=30 

Area of 

Analysis 

Mean Median Mode Standard 

Deviation 

Range 

Pre-test 9.96 10 11 3.24 13 

Post-test 19.33 18 18 4.50 15 

Differences 9.37 8 7 1.26 2 
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TABLE 3 reveals that difference between 

pre-test and post-test score showed that over 

all difference in between pre-test and post-

test in mean was 9.37, median was 8, mode 

was 7, standard deviation was 1.26 and 

range was 6. 
 

TABLE-4: Comparison of pre-test and post -test knowledge 

score of respondents regarding first aid management of 

patient with epilepsy by using Paired “t” test.    n=30 

Pre test Post test Paired  

t-

value 

P 

value 

Significance 

Mean SD Mean SD 

9.96 3.24 19.33 4.50 11.14 0.05 Significant 

(p<0.05) 

Table 4 represents the difference between 

pretest and post test knowledge scores of 

respondents regarding first aid management 

of patient with epilepsy. The paired t- value 

at 5% level of significance is 11.14 (P< 

0.05), which indicates that there is a 

significant difference between pre and post 

test knowledge scores among respondents 

regarding first aid management of patient 

with epilepsy. Hence the hypothesis H1 - 

There is a significant difference between 

pretest and post test knowledge scores of 

family members of patient with epilepsy is 

accepted.

 

Section III:  Findings related to the association between pre test and post-test 

knowledge scores of respondents regarding first aid management of epilepsy with their 

selected demographic variables.  
TABLE-5: Association between pre-test and post- test knowledge scores of respondents with selected demographic variables. 

Sr.  

No. 

Socio  Demographic  

Variables 

Knowledge Score Of Respondents Chi-Square Value 

Good Average Poor Calculated 

Value 

Table 

Value 

1. Age     

 

 

1.54 

 

 

 

12.59 

 15-30 3 6 2 

 30-45 2 8 1 

 45-60 1 5 2 

 above 60 0 0 0 

2. Gender     

 

0.13 

 

 

5.99 
 male 4 11 3 

 female 2 8 2 

3. Duration of epilepsy illness     

 

2.307 

 

 

9.49 
 less than 1 year 4 7 2 

 1 -5 years 2 10 2 

 more than 5 years 0 2 1 

4. Relationship of respondents      

 

 

1.23 

 

 

 

12.59 

 husband/wife 1 2 1 

 father/mother 1 4 1 

 brother/sister 1 6 1 

 others 3 7 2 

5. Marital status      

 

 

3.24 

 

 

 

12.59 

 single 3 3 2 

 married 3 16 3 

 divorced 0 0 0 

 widow 0 0 0 

6. Religion     

 

 

     9.41 

 

 

 

12.59 

 Hindu 5 16 4 

 Muslims 1 2 1 

 Christian 0 0 0 

 Others 0 1 0 

7.  Type of family      

 

    0.782 

 

 

9.49 
 Nuclear 4 11 2 

 Joint 2 8 3 

 Extended 0 0 0 

8. Educational status      

 

 

 

    15.19 

 

 

 

 

18.31 

 Illiterate 1 3 2 

 Primary 1 1 0 

 secondary 1 8 0 

 PUC 2 5 2 

 under graduate 1 1 1 

 post graduate 0 1 0 

9. Occupation      

     0.32 

 

5.99  employed 3 12 3 

 unemployed 3 7 2 
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The findings of table 5 reveals that 

the variables age, gender, duration of 

epilepsy illness, relationship of respondents, 

marital status, religion, type of family, 

educational status, occupation are 

independent of each other. The chi-square 

calculated value is less than the chi- square 

table value, reject the hypothesis. Hence 

there is no association between knowledge 

scores and demographic variables.  

 

DISCUSSION 

Section   I:  Findings of demographic 

variables of respondents. 

 Majority of the respondents 11(36.67%) 

are belong s to the age group of 15-30 

and 30-45 years, 8 (26.67%) 

respondents are belongs to 45-60 years 

and none of them are belongs to above 

60 years of age. 

 Among respondents 18(60%) are male 

and 12(46%) are female. 

 Among respondent‟s family member 

13(43.33%) are suffered by epilepsy 

illness for less than 1 year, 14(46.67%) 

are suffered for 1-5 years and 3(10%) of 

respondents are suffered for more than 5 

years duration. 

 In respondents 4(13.33%) person‟s 

husband or wife, 6(20%) persons child 

and 8(26.67%) persons brother or sister 

and 12(40%) person‟s are  suffered by 

epilepsy illness.    

 Among respondents majority of them 

22(73.33%) are married, 8(26.67%) are 

single and no one is divorced and 

2(6.67%) are widow. 

 Among respondents majority of them 

25(83.33%) are Hindu, 4(13.33%) are 

Muslim, 3(10%) are others and none of 

them are Christian. 

 Majority of the respondents 17(53.67%) 

are living in nuclear family, 13(43.33%) 

are living in joint family and none of 

them are living in extended family. 

 Majority of the respondents 9(30%) are 

having secondary and PUC, 2(6.67%) 

are having primary education, 3(10%) 

are having under graduate and 6(20%) 

are illiterate. 

 Among respondents majority of them 

18(60%) are employed and 12(40%) are 

unemployed. 

 

Section II: Finding related to 

effectiveness of structure teaching 

programme in terms of comparison of 

pre test and post test knowledge scores 

regarding first aid management of 

epilepsy. 

The third objective of the study is to 

find the effectiveness of structured teaching 

Programme, compare the pre test and post 

test knowledge scores of family members 

regarding first aid management of epilepsy. 

In the present study, the post test 

mean score was 19.33 with the standard 

deviation of 4.50 when comparing to pre 

test mean knowledge score 9.96 with 

standard deviation of 3.24, it was 

significantly higher and computed paired„t‟ 

value 11.14 is higher than the table value ---

---, which shows the structure teaching 

programme was effective at P<0.05 level, so 

H1 is hypothesis is accepted 

 

Section III:  Findings related to the 

association between pre test and post-test 

knowledge scores of respondents 

regarding first aid management of 

epilepsy with their selected demographic 

variables.      

The fourth objective of the study is 

to associate pre and post test knowledge of 

family members regarding first aid 

management of epilepsy with their selected 

demographic variable. The study result 

shown that there is no significant 

association between pre-test and post test 

knowledge scores of respondents regarding 

first aid management of patient with 

epilepsy and selected demographic 

variables. 

The study findings revealed that the 

structure teaching programme was effective 

in terms of gaining in knowledge level of 

family members of patient with epilepsy 

regarding first aid management of epilepsy, 

so H2 hypothesis is rejected. 
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CONCLUSION 

The challenges for patient care in the 

future are massive. The work environment 

of the nurse is dramatically different from 

any other time. Most of the nurses working 

in an acute or emergency hospital setting 

will encounter patients with epilepsy. An 

improper handling of epilepsy patient may 

lead to many complications. Nurses should 

have skills to take care of patients and 

provide timely intervention to minimize the 

associated problems and complications 

while the patients are undergoing seizure. 

Caring for a patient with seizure requires 

problem solving and knowledge application 

skill. The findings of the study could be 

utilized as a basis for in-service education 

of nurses. So that, a constant awareness and 

clear understanding may be 

created regarding epilepsy, and its first aid 

management among nurses then only they 

can convey the needed information to the 

patients, family members of patient, 

community people and other health care 

team members.  
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Abstract: 

A study was conducted to assess the knowledge level of primi postnatal mothers regarding KMC and 

to find out association between knowledge level of primi postnatal mothers regarding KMC and 

selected socio demographic variables. Research approach used in this study was descriptive in 

nature. Non experimental descriptive research design was used. 30 primi postnatal mothers admitted 

in maternity ward of selected hospital in Belagavi, Karnataka were included. Purposive sampling 

technique was used. The result of the study showed that maximum (36.6%) of the primi postnatal 

mothers are in the age group of 22-24 years and 20% are in the age group of 25-27 and 28 and above 

years respectively. Majority of them (83.4%) were Hindu. Maximum (83.4%) of them collected 

information from textbooks. Most (90%) of them were literate. There were equal percentage (50% 

each) for both vegetarian and non vegetarian. The study revealed that 63.33% had average 

knowledge, 26.7 % had poor knowledge and 10% had good knowledge. The obtained chi square 

value for the selected demographic variables in level of knowledge revealed that calculated chi 

square value for all demographic variables i.e. age, religion, source of information, education and 

diet is more than table value; which means demographic variables is associated with the levels of 

knowledge. The findings of the study revealed that educating or training the postnatal mothers in 

maternity areas can help to improve the knowledge by providing various teaching programmes 

regarding Kangaroo mother care inorder to reduce neonatal morbidity and mortality rate. 

                                              Keywords:Knowledge, KMC, Primi postpartum mothers. 

 

                                        

Introduction 

Kangaroo mother care is a method of newborn care where the babies are kept in skin to skin 

contact with a parent preferably the mother. It is commonly used for low birth weight babies as they 

are likely to suffer from hypothermia.1  

Almost 20 million LBW babies are born every year in less developed countries due to 

preterm birth or impaired prenatal growth. This contributes to high rate of neonatal mortality and 

morbidity. KMC is an effective way of meeting baby’s need for warmth, breastfeeding, protection 

from infection, safety and love.2 

In 2014, according to Ministry of Health and Family welfare, about 27 percent of babies were 

born with LBW in India. Experts stated that despite of primary interventions available for LBW or 

prematurity, Kangaroo mother care is recognized as the most cost effective intervention in India.3 

             KMC also refers to providing continuous skin to skin contact between mother and baby, 

exclusive breast feeding and early discharge from hospital. Only a small population of newborns 

benefits from KMC. The barriers include inadequate knowledge and skills for KMC, and 

misperception of KMC.4 
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A Cochrane review states that babies provided with Kangaroo mother care have reduced risk 

of death, hospital acquired infection and hypothermia. It increases weight gain, growth and rates of 

breastfeeding.5 

           The most important aspect of KMC is that it has good impact on the neurodevelopment of the 

premature infant. There is improved survival rate of premature infants due to thermal and cardio 

respiratory support. Maternal infant separation results in infant hyper arousal dissociation 

behaviours.6 

Material and methods: 

The present study was conducted to assess the level of knowledge regarding KMC among primi 

postnatal mothers admitted in maternity ward of selected hospital, Belagavi, Karnataka. Research 

approach used in this study was descriptive in nature. Non experimental descriptive research design 

was used. 30 Primi Postnatal mothers admitted in maternity wards of selected Hospital, Belagavi were 

included. Purposive sampling technique was used. Data collection was done by using 

1. Socio demographic data 

2. Structured Questionnaire 

The data obtained was analyzed in terms of descriptive and inferential statistics. 

Results: 

Section-A: Findings related to socio demographic variables. 

Table 1: Frequency and percentage distribution of Primi Postnatal Mothers according to socio-

demographic variables: 

Demographic variables of the samples included in the present study were: age, religion, source of 

information, education and diet. 

n=30 

Sl.     Socio demographic                           Frequency (f) Percentage (%)    

No.          Variables 

1. Age in years     

a. 19 -21      7   23.4 (%) 

b. 22-24      11   36.6 (%) 

c. 25-27      6   20 (%) 

d. 28 and above     6   20(%) 

2.  Religion 

a. Hindu      25   83.4 (%) 

b. Christian     1   3.3 (%) 

c. Muslim                   4   13.3 (%) 

d. Others      0   0 (%) 

3.  Source of information 

a. Textbooks     25   83.4(%) 

b. Staff nurses     4   13.3(%) 
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c. Relatives     1   3.3(%) 

d. Others       0   0(%) 

4.  Education 

a. Literate                    27    90 (%) 

b. Illiterate     3   10 (%) 

5.   Diet  

a. Vegetarian     15   50(%) 

b. Non- vegetarian    15   50(%) 

The above table showed that maximum (36.6%) of the primi postnatal mothers are in the age 

group of 22-24 years and 20% are in the age group of 25-27 and 28 and above years respectively. 

Majority of them (83.4%) were Hindu. Maximum (83.4%) of them collected information from 

textbooks. Most (90%) of them were literate. There was equal percentage of both vegetarian and non 

vegetarian. 

 

Graph-1: A column graph showing percentage distribution of the primi postnatal mothers 

by age. 

23.40%

36.60%

20% 20%

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

40.00%

19-21 Yrs 22-24 Yrs 25-27 Yrs 28 and above

AGE

19-21 Yrs

22-24 Yrs

25-27 Yrs

28 and above

http://www.aensi.in/


www.aensi.in                                                                                       ISSN   0025-1348    UGC APPROVED 

 

54 The research journal of social sciences                   October 2017 volume 8 number 10                                                         

 

 

Graph-2: A pie graph showing percentage distribution of the primi postnatal mothers by 

religion. 

 

Graph-3: A cylindrical graph showing percentage distribution of the primi postnatal mothers 

by source of information. 
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Graph-4: A pyramid graph showing percentage distribution of the primi postnatal mothers by 

education. 

 

Graph-5: A pie graph showing percentage distribution of the primi postnatal mothers by diet. 
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Section-B: Findings related to association between demographic variables and level of 

knowledge regarding KMC among Primi postnatal mothers. 

Table 2: Mean and Standard Deviation. 

n= 30 

Sl. No.  Variables    Mean   SD   

1. Knowledge regarding KMC  8.2   2.03 

 

Table 3:Frequency and percentage distribution of level of knowledge regarding KMC among 

primi postnatal mothersby using structured questionnaire 

n=30 

Level of knowledge        Frequency          Percentage  

Good      3    10% 

Average      19    63.33% 

Poor      8    26.7% 

Table 3 revealed that 63.33% had average knowledge and 10% had good knowledge. 

 

Graph 6: A Line graph showing levels of knowledge among Primi Postnatal Mothers. 
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Table 4: Association between demographic variables and level of knowledge regarding KMC 

among primi postnatal mothers 

n=30 

S

N. 

Demographic 

variable 

Good Average  Poor Cal. Val TabVal Df 

1. Age       

 19-21yrs 1 3 3 44.58 12.592 6 

 22-24yrs 2 7 2 

 25-27yrs 0 4 1 

 28 and above yrs 0 5 2 

2.  Religion       

 Hindu 2 17 6 36.47 12.592 6 

 Muslim 0 0 1 

 Christian 1 2 1 

 Others 0 0 0 

3. Source of 

information 

      

 Textbooks 2 16 7 44.58 12.592 6 

 Staff nurses 1 2 1 

 Relatives 0 1 0 

 Others 0 0 0 

4. Education       

 Literate 3 17 7 44.61 5.991 2 

 Illiterate 0 2 1 

5. Diet       

 Vegetarian 3 10 3 44.5 5.991 2 

 Non Vegetarian 0 9 5 

  

Table 6 revealed that calculated chi square value for all the demographic variables is more than 

table value; which means that demographic variables i.e. age, religion source of information, 

education and diet are associated with the levels of  knowledge regarding KMC 

Discussion: 

The findings of the study have been discussed under the following headings: 

1. Findings related to socio demographic variables. 

1. Age: 

Maximum (36.6%) of the primi postnatal mothers are in the age group of 22-24 years and 20% 

are in the age group of 25-27 and 28 and above years respectively.  

2. Religion: 

Majority of them (83.4%) were Hindu.  

3. Source of information: 
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Maximum (83.4%) of them collected information from textbooks. 

4. Education: 

Most (90%) of them were literate.  

5. Diet: 

There were equal percentage (50% each) for both vegetarian and non vegetarian. 

2. Findings related to association between demographic variables and level of knowledge 

regarding KMC among Primi postnatal mothers. 

The study revealed that revealed that 63.33% had average knowledge, 26.7 % had poor 

knowledge and 10% had good knowledge. 

The obtained chi square value for the selected demographic variables in level of knowledge 

revealed that calculated chi square value for all demographic variables i.e. age, religion, source of 

information, education and diet is more than table value; which means demographic variables is 

associated with the levels of knowledge. 

The present study is supported by the study conducted by Ramaiah P. to determine the 

knowledge and practice regarding Kangaroo mother care among postnatal mothers. The study 

revealed that majority of the mothers had inadequate knowledge (65%). There was an association 

found between level of knowledge and practices with demographic variables such as age, education 

and parity. 7 

Conclusion: 

Based on the findings of the study, the following conclusions were drawn: 

1. Maximum (36.6%) of the primi postnatal mothers are in the age group of 22-24 years and 20% 

are in the age group of 25-27 and 28 and above years respectively.  

2. Majority of them (83.4%) were Hindu.  

3. Maximum (83.4%) of them collected information from textbooks. 

4. Most (90%) of them were literate.  

5. There were equal percentage (50% each) for both vegetarian and non vegetarian. 

6. The study revealed that revealed that 63.33% had average knowledge, 26.7 % had poor 

knowledge and 10% had good knowledge. 

7. The obtained chi square value for the selected demographic variables in level of knowledge 

revealed that calculated chi square value for all demographic variables i.e. age, religion, 

source of information, education and diet is more than table value; which means demographic 

variables is associated with the levels of knowledge. 
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ABSTRACT 

 

 

 

 

 

 

 

 

INTRODUCTION: 

India, the heritage example of an ideal culture, speaks highly for woman-gender as total, honour her 

with elevated esteem. These words, we cherish to put in speech, but fail to pertain in action. Our 

society needs a woman – a mother for the son; a wife for the husband; and a girl for garland-greeting 

the political leader. It is awkward and uncivilised to think that a woman to be honoured and a girl to be 

cursed. 

       A significant percentage of adolescents in the developing world are anemic,considerable health 

consequences for this age group.About 27% of adolescent girls are estimated to be anemic in 

developing countries,  considerable health consequences for this age group.About 27% of adolescent 

girls are estimated to be anemic in developing countries,  

 

 

 

Objective: To compare the knowledge and attitude regarding female foeticide among adolescent boys and 

girls. 

Methods: Descriptive approach was carried over a period of 3months on 60 adolescent girls and boys 

studying in selected PU Colleges of Holenarsipura, Hassan Karnataka. All 60 girls and boys enrolled in study.  

Results:  In our study, Analysis of the data reveals that majority (51.7%) of the adolescent boys had poor 

knowledge as compared to girls (35%), whereas 43.3% of girls and 40% of boys had average knowledge, and 

good knowledge was secured by 8.3% of boys and none possessed excellent knowledge. However, 20% of 

the girls had good knowledge and 1.7% had very good knowledge and majority (90%) of the boys had 

favourable attitude whereas only 10% had highly favourable attitude regarding female foeticide. However, 

53.3% of girls had highly favourable attitude and 46.7% had favourable attitude regarding female foeticide. 

The result revealed that majority of the boys and girls had favourable attitude towards female foeticide. 

Conclusion: Comparative study indicates that girls had better knowledge and attitude than boys. 

Key words: Female Feticide, attitude, knowledge, Adolescent girls, Adolescent boys. 
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Female foeticide is a process of aborting perfectly healthy female foetuses after about 12 

weeks (or more) of gestation just because they are females. The same foetuses would’ve been 

allowed to live if they were males. Female foeticide is not just unethical, but downright cruel as well – 

unethical because despite being in good health, the aborted baby girls’ chance to live was taken 

away just because they were females; cruel because they were already partially grown and well on 

their way to become persons we refer to as ‘the human infants.’ Female foetuses are selectively 

aborted after pre-natal sex determination. This could be done at the behest of the mother, father, 

both, or under family pressure. 

Consequence of female foeticide includes violence against women, a violation of their human 

rights. The pregnant woman, though often equally anxious to have a boy, is frequently pressurised to 

undergo such procedures. Many women suffer from psychological trauma as a result of forcibly 

undergoing repeated abortions.3 More generally, demographers warn that in the next twenty years there 

will be a shortage of brides in the marriage market mainly because of the adverse juvenile sex ratio, 

combined with an overall decline in fertility. 

Foeticide is on rise amongst the affluent families. Ironically increasing education is making 

people more aware of sex-determination tests and increasing the rate of foeticide, which is a pure 

psychic-blindness practised in our society.4While the 2001 Indian census shows that the overall male-

female sex ratio has marginally improved from 927 women per 1000 men to 933 per 1000 during the last 

decade the number of girls to boys in the youngest age group fell from 945/1000 to 927/1000. The 

regional disparities also appear to have increased; the northern states generally exhibit a worsening 

trend in male-female sex ratio as compared to the southern states.5According to the UNFPA 2003 

statistics, there were 770 girls counted for every 1000 boys in the district of Haryana (one of India richest 

states), 814 girls in Ahmadabad (Gujarat), and 845 in South West Delhi. Over 10 million female foetuses 

(1 in every 25) have been aborted in India since 1994 and prenatal sex-selection in India causes the loss 

of 5,00,000 girls per year..  

Let us assert once again that each women and girl is a unique and at the same time valuable human 

being, who is entitled to equal opportunities and universally adopted human rights, no matter where she 

is born or where she lives. Now is the time to energise efforts to put gender equality at the top of 

international peace and development agenda. 

MATERIALS AND METHODS 

This was Descriptive study carried out in the selected colleges at Holenarsipura, Hassan for a 

period of 3 months. The study was approved by the institutional research committee. 

The tool used forthe data collection consisted of:The self administeredstructuredquestionnaire and 

Likert attitude scaleto assess the knowledge and attitude about female feticide among adolescent girls 

and boys studying in selected collegesof Holenarsipura. 

Tool was divided into two parts section I & sectionII 

 

Section I - Demographic data and Self administered structured questionnaire 

Section II –Likert Attitude Scale 
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RESEARCH DESIGN: 

 

A descriptive comparative design was adopted for the study. 

MAJOR FINDINGS OFTHE STUDYWERE: 

Descriptive and inferential statistics had been used fordata analysis. The data was presented in the form of 

tables and diagrams. Data wasanalyzed by computing mean, standard deviation, t value and chi - square. 

 

SIGNIFICANTFINDINGS OFTHE STUDYDEMOGRAPHIC DATAOFTHE RESPONDENT 

Religion: 

Majority (76.7%) of the girls were Hindu, while 16.7% were Christian, and 6.7% were Muslim. Most 

(68.3%) of the boys were Hindu, whereas 26.7% were Christian, and 5% were Muslim. 

 

Type of Family: 

Majority (73.3%) of the adolescent girls belonged to nuclear family, (25% were from joint family and 

very few (1.7%) were from extended family. Most (70%) of the boys were from nuclear family, while 

21.7% were from joint, and the remaining 8.3% were from extended family. 

 

Father’s Education: 

Majority (35%) of the fathers of adolescent boys had completed their primary education, while 25% 

were graduates, only 10% had completed professional education and 3.3% had no formal education. 

Most (35%) of the fathers of adolescent girls completed their secondary education, 21.7% were 

graduates, and 5% had no formal education at all. 

 

Father’s occupational status: 

Majority (40%) of the fathers of adolescent boys were skilled, while 31.7% were semi-skilled, and 

23.3% were professionals, whereas most (33.3%) of the fathers of adolescent girls were professionals, 

while 30% were semi-skilled, and 1.7% were unemployed. 

 

Mother’s Education: 

Majority (50%) of the mothers of adolescent girls had higher secondary education, while 25% had 

primary education and 16.7% were graduates, whereas 5% of the mothers of adolescent boys had no 

formal education and 15% were graduates. 

Mother’s occupational status: 

Majority (81.7%) of the mothers of adolescent girls were house makers and 3.3% were professionals. 

Most (63.3%) of the mothers of adolescent boys were house makers and 8.3% were professionals. 
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Income: 

Majority (43.3%) of the boys were having family income of Rs. 5001-10000, however 16.7% had ≤ Rs. 

5000. Most (35%) of the adolescent girls were having the family income of Rs. 5001-10000. 

 

RESULTS: 

In our study, Analysis of the data reveals that majority (51.7%) of the adolescent boys had poor 

knowledge as compared to girls (35%), whereas 43.3% of girls and 40% of boys had average 

knowledge, and good knowledge was secured by 8.3% of boys and none possessed excellent 

knowledge. However, 20% of the girls had good knowledge and 1.7% had very good knowledge and 

majority (90%) of the boys had favourable attitude whereas only 10% had highly favourable attitude 

regarding female foeticide. However, 53.3% of girls had highly favourable attitude and 46.7% had 

favourable attitude regarding female foeticide. The result revealed that majority of the boys and girls 

had favourable attitude towards female foeticide. 

Description of area-wise mean, mean%, SD of knowledge scores 

n=60+60 

Area 

Max.  

possible  

score 

Boys Girls 

Mean ± SD Mean % Mean ± SD Mean % 

Concept 7 2.95  1.268 42.14 3.70  1.778 52.86 

Causes 5 2.28  0.993 45.67 2.28  1.106 45.67 

Legal Provision 3 0.78  0.783 26.11 0.87  0.812 28.89 

Adverse Effects 2 0.93  0.607 46.67 0.83  0.615 41.67 

Social Action 3 1.75  0.836 58.33 1.98  1.127 66.11 

Total 20 8.70 1.960 43.50 9.673.187 48.33 

It is evident from Table 2 that the adolescent girls had highest (66.11%) knowledge and boys 

had 58.33% knowledge in the area ‘social action.’ Both the groups showed same knowledge in the 

area ‘causes’ (45.67%). Girls had better knowledge than boys regarding the concept on female 

foeticide. 

The findings revealed that the adolescent boys and girls had average knowledge regarding 

female foeticide. 
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Frequency and percentage distribution of the adolescent boys and girls according to the grading 

of their attitude score 

n=60+60 

Attitude 

score Grading 

Boys Girls 

Frequency Percentage Frequency Percentage 

20-40 Highly unfavourable     

41-60 Unfavourable     

61-80 Favourable 54 90.0 28 46.7 

81-100 Highly favourable 6 10.0 32 53.3 

Maximum Score = 100 

Data reveals that majority (90%) of the boys had favourable attitude whereas only 10% had 

highly favourable attitude regarding female foeticide. However, 53.3% of girls had highly favourable 

attitude and 46.7% had favourable attitude regarding female foeticide. The result revealed that 

majority of the boys and girls had favourable attitude towards female foeticide. 
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Mean, mean difference, standard deviation, and ‘t’ value of mean knowledge score of adolescent 

boys and girls 

 n=60+60 

Area 

Boys Girls Mean  

difference t value Mean SD Mean SD 

Concept 2.95 1.268 3.70 1.778 0.75 2.66* 

Causes 2.28 0.993 2.28 1.106 0.00 0.00 

Legal Provision 0.78 0.783 0.87 0.812 0.08 0.57 

Adverse Effects 0.93 0.607 0.83 0.615 0.10 0.90 

Social Action 1.75 0.836 1.98 1.127 0.23 1.29* 

Total 8.70 1.960 9.67 3.187 0.97 2.00* 
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t118 = 1.660, p<0.05 * Significant 

Data in Table reveals that the computed ‘t’ values (t=2.00, p<0.05) was greater than the table value. 

Therefore the null hypothesis was rejected and the alternate hypothesis was accepted indicating that 

the mean knowledge scores of adolescent girls (9.67) with SD 3.187 was higher than the mean 

knowledge scores of boys (8.70) with SD 1.96.  

Relationship between knowledge and attitude of adolescent boys and girls regarding female 

foeticide 

n=60+60 

Variables 

Boys 

r value 

Girls 

r value Mean  SD Mean  SD 

knowledge 8.70 1.960 

0.498* 

9.67 3.187 

0.610* 

Attitude 69.73 7.765 78.40 9.217 

r58 = 0.190, p<0.051 * Significant 

 

DISCUSSION: 

The discussion is accordance with the objectives and hypotheses of the To compare the knowledge 

and attitude regarding female foeticide among adolescent boys and girls..  

Demographic variables: Majority (76.7%) of the girls and most (68.3%) of the boys belonged to 

Hindu religion, Majority (73.3%) of the girls and most (70%) of the boys belonged to nuclear family, 

Majority (75%) of the boys and 68.3% girls received information regarding female foeticide through 

mass media. 

In the present study structured knowledge questionnaire was used to assess the knowledge of 120 

adolescent boys and girls regarding female foeticide and the results were presented using descriptive 

statistics. Majority (51.7%) of the adolescent boys had poor knowledge as compared to girls (35%), 

whereas 43.3% of girls and 40% of boys had average knowledge. The findings of the study showed 

that the knowledge score of the adolescent girls was higher (48.33%) than that of the adolescent boys 

(43.50%). 

The adolescent girls had highest (66.11%) knowledge and boys had 58.33% knowledge in the area 

‘social action.’ Both the groups showed almost the same (45.67%) knowledge in the area ‘causes.’ Boys 

scored 26.11% and girls scored 28.89% in the area ‘legal provision towards female foeticide’ which 

was the least among all the other areas. 

The attitude score of majority (90%) of the boys shows a favourable attitude whereas only 10% had 

highly favourable attitude. However, 53% of girls had highly favourable attitude and 46.7% had 

favourable attitude. The study reveals that the attitude score of the adolescent girls was higher 

(78.40%) than that of the adolescent boys (69.73%). 

In the present study the knowledge scores of the adolescent boys were computed as 42.14% for 

concept, causes was 45.67%, legal provision was 26.11%, adverse effects was 46.67% and 58.33% in 

social actions.  
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The knowledge scores of the adolescent girls were computed as 52.86% for concept, causes was 

45.67%, legal provision was 28.89%, adverse effects was 41.67% and 66.11% in social actions 

respectively.  

There was significant difference between the mean knowledge scores (t=2.00, p<0.05, table value 

1.660) of adolescent boys and girls.anemia and the decrease in girls rates were statistically significant  

after Iron supplementation and health education focusing on anemia prevention in the schools can be 

effective in reducing the rates of anemia in adolescents whoattend school. 

 

The comparison of attitude of adolescent boys and girls regarding female foeticide showed that 78.4% 

of the adolescent girls and 69.73% of the adolescent boys had favorable attitude regarding female 

foeticide. 

CONCLUSION: 

The findings of final study revealed that there was a significant difference in knowledge and attitude 

scores of the adolescent boys and girls.  
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INTRODUCTION: 

“Being a care giver is the most thankless role in the world. Everybody gives the patient some 

slack as they should, But the care givers has the stress of life and then you put a catastrophic 

illness on top of it, the stress goes through the roof” 

Marcia Wallance 

Mental health is one of the most important public health element. It is the most essential and 

inseparable component of health. Mental health is a state of successful mental functioning, resulting in 

productive activities, fulfilling relationships, and the ability to adapt to changes and cope with 

adversity. Mental health is indispensable to personal well-being, family and interpersonal 

relationships and one’s contribution to society and any alteration in the mental functioning, which 

leads to unproductive activities, impaired relationship and inadequate adjustment which intern would 

lead to mental disorders.1 

Objective: To find the association between the burden among caregivers and awareness about mental 

illness with selected demographic variables. Methods:A  descriptive  design  was  adopted  in  the  

present  study to  accomplish  the objectives. Purposive sampling technique was used to select the 

samples. The sample consisted of 60 caregivers of mentally ill persons. The data was collected by 

using “Burden assessment scale” and structured knowledge questionnaire. The data was analyzed by 

descriptive and inferential statistics. Ie,mean, mean percentage, standard deviation and chi-square. 

Results:The present study showed that equal (50%) of the participants are in the age group of 20-30 

and the other 50% were in 31-40 years. Among participants most (76.67%) of the caregivers were 

females. A good percentage (33.33%)of the samples were  Coolie  workers.  Majority of  the  

participants  (35%)  had  high  school  as educational qualification. Most of them (88.33%) belonged 

to nuclear family. Highest percentages (68.33%) had income monthly below 5000 /-. Most of them 

(46.67%) had information about mental health through friends. and study result also shows. There 

was significant relationship between knowledge and demographical variables such as age assessment 

score [2=18.15, P<0.004] and source of information [2=16.5, P<0.001] Conclusion: Thus study 

concluded that there is moderate level of burden and awareness among caregivers of mentally ill 

personsand there is an association between the awareness about mental illness with selected 

demographic variables 

Key words: Caregivers, burden and awareness. 



www.aensi.in /Index in Cosmos                                                 ISSN   0025-1348    UGC APPROVED 

Received: 2 November   Revised: 7 November Accepted: 17 November 
 

24 The research journal of social sciences                 December 2017 volume 8 number 12                                                         

 
 

About 50 million Indians suffer from psychiatric disorders. Census shows that Psychiatric disorders are 

among the leading causes of ill health and disability worldwide. One in four people in the world would 

be affected by mental or neurological disorders. Around 450 million  people  currently  suffer  from  

such condition in world. Depression, anxiety and drug abuse are the most common mental disorders. 

Approximately 20.9 million suffer from mood disorder, 14.8 million suffer from  depressive  disorder,  

1.1  percent  of  the  population  has  schizophrenia,  18.1 percent of people have an anxiety disorder, 

8.7 percent of people have some type of specific phobia, and nearly two-thirds of people with a known 

mental disorder never seek help from a health professional. Stigma, discrimination and neglect are 

main reasons not to seek treatment.2 

The Global Burden of Disease study found that mental disorder is the fourth leading cause of disability. 

Depression alone was the single leading cause of global disability. Caring mentally ill individuals may 

carry a heavy burden among family members. Moreover, such burden may manifest in reduced 

wellbeing of the mentally ill individuals themselves, for example, due to impaired caregiver support.3 

NEED FOR STUDY 

Psychiatric disorder is a great problem in our society. Psychiatric disorder can affect a person from 

any culture, race or ethnic background. Psychiatric disorders can occur at any stage of life, from 

childhood to old age. No community is unaffected by Psychiatric disorders. Psychiatric disorder is 

treatable, especially when the treatment comes early. Early intervention and appropriate treatment 

can improve persons with Psychiatric disorders. Therefore it is important for a person to seek mental 

health care when he/she needs it. It is equally important for service providers, friends, and family 

members  to  be  informed  about  the  symptoms  of  Psychiatric  disorders  and  the treatment options 

available.4 

A study survey was conducted by the WHO to estimate the incident rate of mental illness. And the 

study result shows that globally over 450 million people suffer from mental disorder and this mental 

and behavioral disorder account for 19% of global burden of disease. The study also concluded with 

this incidence rate likely to increase to 15% by the year 2020.5 

A Meta-analysis study was conducted by NIMHANS estimated   that prevalence of mental disorder to 

be 5.8% among Indian population. And also found that burden of mental and behavioral disorder 

range from 9.5% to 10.2% population.6 

Caregiver burden refers to the significant amount of strain and difficulties experienced by the 

caregiver or family of mentally ill people, including a range of psychological, emotional, social, 

physical and financial problems.  The caregivers of mentally ill person are facing some marginal 

amount of stress. And this stress itself can be a reason for them to become ill. So the burdens of 

caregivers of mental ill have to be identified and rectified for the better functioning of the society.7 

A cross sectional study was carried out on the awareness of family members of mentally ill healthy 

individual regarding mental illness and burden. Purposive sampling technique was used to select the 

sample of 250  and data collected by using structured knowledge questionnaires. Result showed that 

26.1% of the respondent had good knowledge, 14.3% had average knowledge and 59.6% had very 

poor knowledge regarding mental illness and its management. The study also shown that the care 

givers burden regarding their mentally ill relatives were insurmountable. The findings of this study 

highlighted the need for detailed study of caregiver’s awareness about mental illness.8 
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The investigator had come across the number of psychiatric patients and their caregivers during the 

psychiatric posting. From the casual talks with the caregivers, investigator comes to know that they are 

facing a lot of problems in their day today lives. Review of the related literature and discussion with 

the experts also motivated the investigator to undertake the following study.  

 

 

MATERIALS AND METHODS 

Research Approach 

A  descriptive  survey  approach  was  used  for  the  present  study  since  the purpose of the study was 

to determine the caregiver’s burden, awareness and to find out the association between the burden 

among caregivers and awareness about mental illness with selected demographic variables. 

Research Design 

 The research design used for this study is descriptive research design is used Setting of the Study 

Settingand Population for the Study: 

 In the present study the target population comprises of the caregivers of mentally ill patients who are 

attending the outpatient department of Manaswini, Thunga Institute of Psychiatry and Counseling, 

Mangalore. 

 

Variables: 

Research variables – awareness and burden Demographic Variables are-   age, gender, occupation, 

type of family, educational status, family income per month, and source of information. 

Sample and Sample Size 

In the present study the sample comprises of 60 Caregivers of mentally ill patients.Sampling 

Technique  

Purposive sampling technique was used for the present study  

Selection of the Tool 

The tools used for the present study are Modified burden scale and structured knowledge     

Questionnaire. 

Modified burden scale on aspects of four main categories of burden: physical burden,  emotional  

burden,  financial  burden  and  social  burden  of  caregivers  of mentally ill patient. and structured 

knowledge questionnaire on awareness of mental illness was selected. It was found to be the most apt 

instrument to elicit responses from the people. 
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MAJOR FINDINGS OFTHE STUDYWERE: 

Descriptive and inferential statistics had been used fordata analysis. The data was presented in the form of 

tables and diagrams. Data wasanalyzed by computing mean, standard deviation, pvalue and chi - square. 

 

SIGNIFICANTFINDINGS OFTHE STUDYDEMOGRAPHIC DATAOFTHE RESPONDENT 

Age: 

Distribution  of  care  givers  according  to  their age shows that  30(50%)participants were in the age 

group of 20-30 and 30 respondents (50%) were in the age group of 31-40 years. 

Previous source of income: 

Majority of the respondents 28 [46.67%] were received information from the friends, and 18 [30%] 

received information from health professional, 11 [18.33%] respondents obtained information from 

mass medias and 3 [5%] respondents received information from relatives 

Gender: 

Among the respondents, majority were females 46 [76.7%]   and 14(23.33%)were males. 

Occupation: 

The  distributionof  caregivers  according  to  their  occupation,  the  20  of  the respondents [33.33%] 

were coolie workers, 16 [26.67%] were private employees, 14 [23.33%] were having agriculture and 

10[16.67] were government employees. 

Religion: 

In group of 60 samples 58(98.67.7%) of them were from Hindu religion, 2(3.33%) of them were 

fromMuslim religion. 

Education: 

Regarding the education of caregivers, majority of the respondents21 [35%]were  having  high  school  

education,  13[21.67%]  who  had primary education, 10[16.67%]respondents had PUC education and 

8 respondents (13.33%) were having middle school and another 8 respondents (13.33%) had degree 

and above degree education. 

Type of family: 

Among the respondents 53 [88.33%] belonged to nuclear family, followed by7respondents [11.67%] 

belonged to joint family and there was no respondents fromextended families.. 

Income: 

The distribution of caregivers according to their monthly income shows that41 [68.33%] earned 

Rs.5000 and below , 13 [ 21.67%] respondents were earning  amonthly income of Rs 5001-10,000 and  3 

[5%] respondents earned Rs.10,001-15,000 
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and another 3 respondents (5%) were earning above Rs.15,000. 

 

Overall mean standard deviation and mean percentage of knowledge 

Score among caregivers N=60 
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RESULTS: 

 

The study reveals that majority (65%) of the caregivers had moderate knowledge, 18.33% had poor 

knowledge and (16.67%) percentage had good knowledge andmajority (73.33%) of the caregivers 

had moderate burden, 26.67% had mild burden. 

The data presented in table reveals that the calculated chi-square values are less than that of table 

value at 0.05 level of significance, and which was accepted and it was concluded that there was no 

significant association between the burden of caregivers of mentally ill persons with demographic 

variables so research hypothesis rejected and null hypothesis accepted and also concluded that there 

was significant association between knowledge of caregivers with demographic variables. So 

research hypothesis accepted and null hypothesis rejected. 

DISCUSSION: 

 

The study variables were age, gender, occupation, type of family, educational status, income of family 

per month and source of previous information regarding burden and awareness on caregivers of 

mentally ill caregivers. 

The findings obtained from the study are as follows: 

Description of demographic variables 

The age distribution of the samples shows that (50%) of the participants 30 were in the age group of 

20-30 and 30 respondents (50%) were in the age group of31-40 years. 

Among the respondents, majority were females 46 [76.7%]. The distribution of caregivers according 

to their occupation, the 20 of the respondents [33.33%] were coolie workers Regarding the education 

of caregivers, majority of the respondents 21 [35%]were  having  high  school  education 

 Among the respondents 53 [88.33%] belonged to nuclear family, followed byThe distribution of 

caregivers according to their monthly income shows that41 [68.33%] earned Rs.5000 and The  results  

showed  that  majority  of  the  respondents  28  [46.67%]  were received information from the friends. 

Analysis of the findings 

The first objective of the study was to assess the awareness about mental illness among caregivers of 

mentally ill persons in selected hospital. 

 

In order to meet the above objective, a descriptive study was conducted. 
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The assessment awareness about mental illness shows that majority of the respondents 39[65%] had 

moderate awareness 11 [18.33%] respondents had poor awareness followed by 10 [16.67%] had good 

awareness.The total mean percentage of the caregivers of mentally ill persons was 39.38% with mean 

and standard deviation of 6.3 and 1.73 respectively. 

The second objective was to identify the level of burden of caregivers of mentally ill persons.The 

assessment of burden shows that majority (73.33%) of the caregivers had moderate burden, 26.67% 

had mild burden and none of caregivers of mentally ill persons belongs to the category of no burden 

and severe burden.The  total  mean  percentage  of  the  caregivers  of  mentally  ill  persons  

was38.25%, with mean and standard deviation of 16.83 and 4.38 respectively. 

Association  between  knowledge  scores  of  caregivers  on  mental  illness  with selected 

demographic variables.To fulfil the above objective, Chi-square test was carried out. 

The study findings revealed that there was significant association between age and source of 

information, as the computed Chi-square value of age [2=8.15, P<0.004] and source of information 

[2=16.5, P<0.001] was higher than the table value. 

However, no association was found between knowledge and other variables like gender, occupation, 

education, type of family, monthly income, and as the obtained Chi-square values were less than the 

table value. 

Association between burdens with demographic variables 

The study findings revealed that there was no significant association between demographic variables 

and burden, as the computed Chi-square value (Mean percentage 38.25% with mean ±SD 

of16.83±4.38) 

 

CONCLUSION: 

.  

Thus study concluded that there is moderate level of burden and awareness among the caregivers of 

mentally ill persons and There  was  significant  association  between  knowledge and selected 

demographical variables.                                                        
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Abstract: A Study title “A STUDY TO ASSESS THE KNOWLEDGE REGARDING IMMUNIZATION 

AMONG THE MOTHERS OF UNDER FIVE CHILDREN ADMITTED IN PEDIATRIC WARD OF 

PRABHAKAR KORE HOSPITAL, BELAGAVI WITH THE AIM TO DEVELOP EDUCATIONAL 

PAMPHLET”  was conducted among the mother of under five children admitted in pediatric ward of 

Prabhakar Kore Hospital, Belagavi. The study was conducted on 50 mothers of under five children admitted in 

pediatric ward of Prabhakar Kore Hospital.  

The research approach used in this study was descriptive approach and non-experimental design. The 

convenient sampling technique was used the study was conducted after obtaining permission from the medical 

superintendent of Prabhakar Kore Hospital, Belagavi. The data collected where analysed by using descriptive 

and inferential statistics.  

Objectives 

1. To assess the knowledge regarding immunization among the mother of under five children admitted in 

pediatric ward of Prabhakar Kore Hospital, Belagavi. 

2. To find out the association between knowledge with selected demographic variables of mothers of under 

five childrens. 

Result  

A majority of 34(68%) of the mother s of under five children had an average knowledge regarding 

immunization. Where as, around 9 (18%) of mothers of under five children had good knowledge and minimal 

7(14%) had poor knowledge. 

Major Findings Of The Study 
1. The mean and standard deviation of knowledge score was 9 and 3.679 respectively. 

2. Finding related to the knowledge on immunization among subject showed that out of 50 mothers 9 (18%) 

had good knowledge, 34 (68%) had average knowledge and 7(14%) subjects had poor knowledge scores. 

Conclusion 

Mothers knowledge regarding immunization is essential for timely utilization of immunization services as it is 

the most cost effective measure to prevent vaccine preventable diseases. A majority 34 (68%) of the mothers of 

under five children had an average knowledge regarding immunization. Where as, around 9(18%) of the 

mothers of under five children had good knowledge and minimal 7(14%) had poor knowledge. 

Recommendations 
1. A similar study can be carried out on large sample for a longer period of time for broader generalization of 

the result. 

2. A similar study can be conducted in different settings. 

3. A special training should be given to community nursing staff. 

4. A similar study can be conducted using randomization sample technique. 

Key Words 

Knowledge- It refers to the appropriate response received from the mothers of under five children about 

immunization schedule. 

Assess - Ability to interpret the graph and guess the effectiveness of information. 

Mothers- Refers to women who have given birth to one or more children and taking care of child who is 

between age group of 0-5 and mothers between 18-40 years. 

https://plus.google.com/u/2/118137789045371045425?prsrc=4


A Study To Assess The Knowledge Regarding Immunization Among The Mothers Of Under Five .. 

DOI: 10.9790/1959-0606066873                                   www.iosrjournals.org                                          69 | Page 

Under five children- Refer to children within the age group of 0-5 years. 

3. (68%) had average knowledge and 7(14%) subjects had poor knowledge scores. 

Mothers knowledge regarding immunization is essential for timely utilization of immunization services as it is 

the most cost effective measure to prevent vaccine preventable diseases. A majority 34 (68%) of the mothers of 

under five children had an average knowledge regarding immunization. Where as, around 9(18%) of the 

mothers of under five children had good knowledge and minimal 7(14%) had poor knowledge. 

Recommendations 
5. A similar study can be carried out on large sample for a longer period of time for broader generalization of 

the result. 

6. A similar study can be conducted in different settings. 

7. A special training should be given to community nursing staff. 

8. A similar study can be conducted using randomization sample technique. 

Key Words 
Knowledge- It refers to the appropriate response received from the mothers of under five children about 

immunization schedule. 

Assess - Ability to interpret the graph and guess the effectiveness of information. 

Mothers- Refers to women who have given birth to one or more children and taking care of child who is 

between age group of 0-5 and mothers between 18-40 years. 

Under five children- Refer to children within the age group of 0-5 years. 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 21-11-2017                                                                           Date of acceptance: 11-12-2017 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

 

I. Introduction 
The health of the children has historically been of vital importance to all societies because children are 

the basic resources of the future mankind. In any country mothers and children constitute approximately 60% of 

the population. In India, women of child bearing age(15-44 years)constitute 19% of the population and the 

children under 15 years of age constitute about 59% of the total population. By virtue of this large numbers as 

well as because of being vulnerable to disease, mothers and the children’s are the major consumers of the health 

services.
2 

Health is both a responsibility and right of those with power and without it. It has seen that some 5 

million children are dying each year and others 5 million disabled by six childhood diseases in developing 

countries including India.
3 

The WHO (May1974) officially launched the global programme known as EPI to 

protect all the children of the world against 6 vaccine preventable diseases (VPDs) by the year 2000. EPI, 

launched in India in January 1978 where re-designed as universal immunization programme(UIP) in1985. The 

main of UPI is to avert morbidity and mortality due to the 6 childhood diseases. The scenario that immunization 

coverage has been steadily increased but the average level remains far less than the desired.
4 

The objective of the programme is to fully vaccinate least 85% of all the infants of age of one year. In 

subsequent years, the goal of UPI was raised ensure 100% of coverage of all eligible children with one dose of 

BCG, the doses of DPT and one dose of measles vaccine. This programme was integrated with child health 

programme (RCH) in 1997.
5 

India has approximately 10 million of unimmunized children’s. In 2005-2006 family health survey 

reports that only 43.5% of children in India received all of their primary vaccines by 12 month of age. Main 

resources identified for poor coverage includes inadequacy community participation in routine immunization
6
. 

In 2010 it was estimated that 1.7 million children died from vaccine preventable diseases. It was also noted that 

19.3 million children has been incompletely vaccinated,leaving them susceptible to vaccine preventable disease 

mortality and morbidity is approximately 50% of all under vaccinated children lives in 3 countries being one of 

them.
7 

Materials and  methods  

“A study to assess the knowledge regarding immunization among the mothers of five children admitted 

in Paediatric ward of K.L.E Dr. Prabhakar Kore Hospital, Belagavi with a view to develop educational 

pamphlet” 

a studay conducated on 30 membes in kle dr prabhakar kore hospital and mrc belgavi to assess 

their knowledge regarding immunization .purposive sampling technique was used for sample selection    
describes the demographic data of samples. Regarding their age 17 (34%) belongs to the age group of 18-24 

years, 23(46%) belongs to the age group of 25-31 years and only 9 (18%) belongs to the age group of 32-40 

years [Fig.No:1] 
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With regards to religion 21 (42%) were Hindu, 15(30%) were Muslim, 5(10%) were Jain &9(18%) 

were others [Fig.No.2] . With regards to the educational status 14 (28%) were primary, 15 (30%) were 

secondary, 11 (22%) were PUC and 10 (10%) were degree and above [Fig.No.3] 

With regards to the type of family 21 (42%) belongs to the nuclear family, 22 (44%) belongs to the 

joint family and 6 (12%) belongs to the extended family [Fig. No.4]  

Table 2- Describes that 18% of mothers of under five children have good knowledge on immunization, 

68% have average knowledge, and 14% have poor knowledge. 

The above table explains that the mothers of under five children admitted in pediatric ward of K.L.E 

Dr.  Prabhakar Kore hospital have a mean knowledge of 9 on immunization with standard deviation of 3.679. 
 

II. Results 
This chapter deals with the analysis of data collected from 30 mothers of under five children admitted in 

Pediatric ward, KLE Dr. Prabhakar Kore Hospital, Belagavi. 

The data is tabulated and analyzed according to the objectives. 

Organization of data: 

SECTION 1: Demographic variables of mothers of under five children admitted in pediatric ward, KLE Dr. 

Prabhakar Kore Hospital, Belagavi. 

SECTION 2: Assessment of level of knowledge of mothers of under five children admitted in pediatric ward, 

KLE Dr. Prabhakar Kore Hospital, Belagavi. 

SECTION 3: Association of demographic variables with knowledge among mothers of under five children 

admitted in pediatric ward, KLE Dr. Prabhakar Kore Hospital, Belagavi 

 

PRESENTATION OF DATA 

SECTION 1: Demographic variables of mothers of under five children admitted in pediatric ward, KLE 

Dr. Prabhakar Kore Hospital, Belagavi. 
Demographic variables             Frequency              Percentage (%) 

Age in years 
a) 18-24 years 

b) 25-31 years 

c) 32-40 years 

 

17 

23 

9 

 

34 

46 

18 

Religion 

a) Hindu 

b)  Muslim 
c) Jain 

d) Others 

 

21 

15 

5 

9 

 

42 

30 

10 

18 

Education 

      a)Primary 
      b) Secondary 

      c) PUC 

      d) Degree & Above 

 

14 

15 

11 

10 

 

28 

30 

22 

10 

Type of family 

a) Nuclear 

b) Joint  
c) Extended 

 

21 

22 

6 

 

42 

44 

12 

 

SECTION 2 : Assessment of the level of knowledge of mothers of under five children admitted in 

pediatric ward of Prabhakar Kore hospital, Belagavi . 

Table 2: Distribution of knowledge on immunization among mothers of under five children admitted in 

pediatric ward of Prabhakar Kore hospital, Belagavi. 

 
Level of knowledge              Number             Percentage (%) 

Good(13-20) 9 18 

Average(6-12) 34 68 

Poor(0-5)  07 14 

 
Table 2- Describes that 18% of mothers of under five children have good knowledge on immunization, 68% 

have average knowledge, and 14% have poor knowledge. 

 

Table 3: Mean and standard deviation of knowledge on immunization among mothers of under five 

children admitted in pediatric ward of  PrabhakarKore hospital, Belagavi. 
                                                                    Statistics                                                         Knowledge 

Mean 

 

9 

Standard deviation 3.679 
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SECTION - 3 

TESTING OF HYPOTHESIS 

Table-4: Association between pre-test Level of Knowledge and their Demographic Variables 

                              n=50 
Sl no Demographic 

Variable 

Good Average Poor 𝑥2 
Cal. 

Value 

𝑥2 
Tab. 

Value 

Df 

        
1 Age of the mother in years    S  

 o 18-24 03 10 04 11.914 9.49    4 

 o 25-31 05 15 04    

 o 32-40 01 06 02    

2 Education status of mother    S  

 o Primary education 04 06 04 27.293 12.59 6 

 o Secondary education 02 10 03    

 o PUC education  01 09 01    

 o Degree and above 01 07 02    

3  Religion of  mother    S  

 o Hindu 04 20 07 34.421 12.59 6 

 o Muslim 04 05 01    

 o Jain 0 02 02    

 o Others 01 03 01    

4  5 Type of family    S  

 o Nuclear 04 15 02 48.55 9.49 4 

 o Joint 03 11 08    

 o Extended 02 05 0    

Key: X
2 
: Chi-square ,   df : Degree of freedom  , S :  Significant  

Data presented in table -4 indicated that there was significant Association between pre test Level of 

Knowledge and their socio-Demographic Variables such as age, education, religion and type of family at  

(P>0.05). Hence  H1 accepted. 
 

III. Discussion 
This chapter deals with the discussion of the study interpreted from the analysis. The findings of the study are 

discussed in relation to the objectives, need for the study and related literature of the study. 

The major findings of the study: 

1. Majority (46%) of samples were in the age group of 25-31 years. 

2. Most (60%) of the samples were from Hindu religion. 

3. While considering the education (30%) of the samples had secondary education. 

4. Most (44%) of them were from joint family. 

 

Assessment of the knowledge regarding immunization among the mothers of under five children admitted 

in the Pediatric Hospital, Belagavi. 

The present study’s mean value of the knowledge on immunization is 9 with standard deviation of 3.679. This 

finding shows that mothers of under five children admitted in the Pediatric hospital has average knowledge on 

immunization. 

Association between knowledge on immunization with selective demographical variables of mothers of 

under five children admitted in the K.L.E Dr. Prabhakar Kore Hospital, Belagavi. 
The findings suggest that there is significant association between knowledge on immunization among the 

mothers of under five children admitted in pediatric ward of  K.L.E Dr. Prabhakar Kore Hospital with 

demographical variables such as age of m Table 1 describes the demographic data of samples. Regarding their 

age 17 (34%) belongs to the age group of 18-24 years, 23(46%) belongs to the age group of 25-31 years and 

only 9 (18%) belongs to the age group of 32-40 years [Fig.No:1] 

With regards to religion 21 (42%) were Hindu, 15(30%) were Muslim, 5(10%) were Jain &9(18%) were others 

[Fig.No.2] . 

With regards to the educational status 14 (28%) were primary, 15 (30%) were secondary, 11 (22%) were PUC 

and 10 (10%) were degree and above [Fig.No.3] 

With regards to the type of family 21 (42%) belongs to the nuclear family, 22 (44%) belongs to the joint family 

and 6 (12%) belongs to the extended family [Fig. No.4]  
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Table 2 immunization, 68% have average knowledge, and 14% have poor knowledge.    

The above table explains that the mothers of under five children admitted in pediatric ward of K.L.E Dr.  

Prabhakar Kore hospital have a mean knowledge of 9 on immunization with standard deviation of 3.679. 

 

 

Data presented in table -4  

Indicated that there was significant Association between pre test Level of Knowledge and their socio-

Demographic Variables such as age, education, religion and type of family at  (P>0.05). Hence  H1 

accepted. 

 

IV. Conclusion 
In the present study 50 respondents were selected using questionnaire schedule. 

The data was interpreted by suitable and appropriate statistical methods. 

The respondents knowledge scores were. 

Good knowledge regarding immunization were 18%. Average knowledge were 68% and remaining 14% were 

of those having poor knowledge. 

 

Nursing Implications 

The findings of the study have implications in the area of nursing education, nursing practice, nursing 

administration and nursing research. 

Through the content of the general nursing and BSc nursing provided information and experience in the health 

education it is essential to provide opportunity for the student to educate regarding immunization in both 

common and clinical setting. The study emphasizes the significance of education of immunization to mothers 

in-service education for nursing with advanced knowledge regarding immunization should be organized. 

 

1) Nursing practice 

Present study would indirectly help the nurse to understand the knowledge, attitude and practice of mothers 

regarding immunization, nurses working in the health promotion, health maintenance and prevention of 

diseases. The findings suggest that there is an increase need for awareness programme regarding immunization 

in the community. Present study would also help the nurses working in maternity and pediatric units. 

Nurses administrators should communicate on the proper selection placement and effective utilization of the 

nurse in pediatric hospital and community giving opportunity for creative interest and ability in educating the 

mothers regarding immunization. 

 

Research provides nurses the ability to influence making policy and protocol formulation regarding 

interventional strategies to meet the specific need for educating mothers of under five children on immunization. 

Findings of the present study suggest that nurses working in the community must encourage the mothers to read 

and discuss on immunization. 

1) Some of the mothers expressed hesitation as there was lapse of continuity in their education. 

2) The study was limited to 50 mothers those who were in Pediatric ward in K.L.E Dr. Prabhakar Kore 

Hospital. 

 

Recommendations 

1) A similar study for replication of the study is indicated with a large size to generalize the findings. 

2) A study can be done to assess the knowledge, attitude and practice of nurses regarding immunization. 

3) A study can be done to evaluate a planned teaching programme on immunization.  
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INTRODUCTION: 

Diabetes refers to diabetes mellitus (or) less often, to diabetes insipidus. Diabetes Mellitus and 

diabetes insipidus share the name “diabetes” because they are both condition characterized by 

excessive urination (polyuria).1 

The word “diabetes” is borrowed from the Greek word meaning “a siphon”. The 2nd century A.D. 

Greek physician, Atreus the Cappadocia named the condition “diabetes”. He has explained the 

clients with it had polyuria and passed water like a siphon. “kinds health organization defined 

diabetes mellitus (some time called “sugar diabetes” is a condition that occurs when the body can‚t 

use glucose (a type of sugar) normally.2 

WHO defined diabetes is a condition where by the body is not able to regular levels of glucose (a 

sugar) in the blood, resulting in too much. 

Over 200 million people in the us have diabetes, but many cases are preventable and there are 

important steps we can take to lower our risk. This interactive tool estimates the risk of diabetes and 

provides personalized tips for prevention any one can used, it but in most accurate for people who 

have never had any types blood sugar problem.3 

According to Psurex conducted research on self monitoring of blood glucose in treatment of type 2 

diabetes. Blood glucose measurements are important components of a effective diabetes 

management. Self monitoring of blood glucose (SMBG) provides. The possibility for collecting 

information on glucose levels at different time points and facilities patient empowerment. Self 

monitoring is postulated to have a beneficial effect on metabolic control in type 1diabetes as it is 

essential to adjust insulin dose. In type 2 diabetes the efficacy of frequency glucose measurements 

remain uncertain. 

Abstract: Objective: To assess the knowledge of diabetic patients regarding dietary management 

Methods: Descriptive study was carried over a period of 3 months on were 30selected Diabetic 

patients attending OPD of KLE DrPrabhakarKore hospital & MRC Belagavi-Karnataka. All 30 girls 
enrolled in study.  Results:  In our study, Analysis of the data showed that 17 (23%) had poor 

knowledge, 15 (50%) had average knowledge and 5 (27%) had good knowledge. It depicts that the 

clients had average knowledge of dietary management. Therefore their knowledge regarding dietary 
management is undecided as due to lack of knowledge regarding diabetes mellitus. Conclusion: 

Majority of the study samples lacked the adequate knowledge regarding dietary management of 

diabetic mellitus.  

Key words: Assess, Diabetes Mellitus, Knowledge, Patients. 
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This study shows over viewed recent data in the field of self control to evaluate the influence of SMBG 

on glycemic control in type 2 diabetes. The result of studies suggest that SMBG can have an important 

role in improving metabolic control if it is an integral part of a wider educational strategy SMBG can 

be especially recommended for type 2 diabetic clients with sub optional metabolic control in order to 

promote dietary and lifestyle changes as well as treatment correction as a response to feed back 

provided by blood glucose results. 

Diabetes has been known for countries as a disease related to sweetness. Diabetes is a 

heterogeneous group of disorder characterized by an elevation in the level of glucose in the blood. 

This is a common metabolic disorder characterized by an abnormally elevated level of glucose due to 

relative lack of insulin or its utilization. Diabetes has been described as “prosperity disease” 

primarily caused by over eating and consequent obesity. 

To promote and support healthful eating patterns, emphasizing a variety of nutrient dense foods in 

appropriate portion sizes, in order to improve overall health and specifically to attain individualized 

glycemic, blood pressure, and lipid goals. General recommended goals from the ADA for these 

markers are as follows: A1C, 7%. Blood pressure,140/80 mmHg. LDL cholesterol, 100 mg/dL; 

triglycerides ,150 mg/dL; HDL cholesterol .40 mg/dL for men; HDL cholesterol .50 mg/dL for women. 

Achieve and maintain body weight goals. Delay or prevent complications of diabetes. 

Diabetes is a syndrome caused by an imbalance between body‚s insulin supply and demand. It is 

characterized by hyperglycemia and is associated with abnormal carbohydrate, fat and protein 

metabolism.A healthy life style is a combination with healthy eating and regular exercise. Healthy 

balanced diet combined with regular physical activity helps to keep fit, maintain optimum body 

weight, improve energy utilization and prevent the early onset of long –term diabetic complications. 

Diabetes is primarily a disease of self management.Education in self - management of diabetes can 

improve many important outcomes, such as diabetes knowledge and self -care behaviors .Diabetes 

self management and improved self care behaviors are associated with improved metabolic control. 

MATERIALS AND METHODS 

This was Descriptive survey design was carried out on were 30selected Diabetic patients 

attending OPD of KLE DrPrabhakarKore hospital & MRC Belagavi-Karnataka. The study was 

approved by the institutional research committee. 

                                                         The tool used forthe data collection consisted of:The self 

administeredstructuredquestionnaire to assess the effectiveness of planned teaching programme on 

knowledge about Prevention of anemia among adolescent girls studying in selected High schools of 

Handignur village Belgaum city. 

Tool was divided into two parts section I & section II 

Section I - Demographic data 

Section II - Self administered structured questionnaire on Diabetic Management 

RESEARCH DESIGN: 

Descriptive survey design has been adopted for the present study. 
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MAJOR FINDINGS OFTHE STUDYWERE: 

Descriptive and inferential statistics had been used fordata analysis. The data was 

presented in the form of tables and diagrams. Data wasanalyzed by computing mean, standard 

deviation, t value and chi - square. 

SIGNIFICANTFINDINGS OFTHE STUDYDEMOGRAPHIC DATAOFTHE RESPONDENT 

Age:In group of 30 samples 02(6.67%) of the samples were from age group 02-20years, 3(10%) of 

them were between   21-40 years, 16(53.34%) of them were between 41-60 years and remaining 9 

(30%) of them were from 61-80 years of age group. Gender:In group of 30 samples 24(80%) of them 

were males, 6(20%) of them were females. Education:In group of 30 samples 3(10%) of them 

wereilliterate, 13(43.3%) of them hadprimary education,10(33.34%) of them had higher 

secondaryand remaining 4(13.34%) of them were graduates. Family income per month in 

rupees:In group of 30 samples 13(43.34%) of them were having monthly family income below 1500, 

7(23.34%) ofthem were having the income 1600-2500, 6(20%) of them were having the income2600-

3500 and remaining4(13.34%) of them were having the income above 3600Rs per month. Type of 

family:In group of 60 samples 44(73.3%) of them were fromJoint family, 14(23.33%) of them were 

from Nuclear familyand remaining 2(3.33%) from Extended family. Occupation:In group of 30 

samples 7(23.34%) of them were unemployed, 7(10%) were government employers, 4(13.34%) were 

private employers and remaining 16(53.34%) were other job holders. Type of Family:In group of 30 

samples 13(56.67%) of them belongs to joint family and 17(43.34%) of them belongs to nuclear 

family. Diet:In group of 30 samples 10(33.34%) of them were vegetarians, 20(66.66%) of them were 

mixed Marital status:In group of 30 samples 28(98.34%) of them were married and 2(6.66%) of them 

were unmarried. Gender:In group of 30 samples 24(80%) of them were males, 6(20%) of them were 

females. 

RESULTS: 

The finding reveals that 17 (23%) had poor knowledge, 15 (50%) had average knowledge and 5 

(27%) had good knowledge. It depicts that the clients had average knowledge of dietary management. 

Therefore their knowledge regarding dietary management is undecided as due to lack of knowledge 

regarding diabetes mellitus. 

Association between knowledge scores &selected  socio- demographic variables: 

Statistical analysis using chi-square revealed that the variables age in years, marital status, income, 

dietary patterns, type of family, occupation, gender& family history of chronic illness and course of study 

in relation with knowledge scores of selected diabetic clients are independent of each other. (all p 

values >0.05). The variables calculated λ² value is higher than the table value 2shows an association 

with knowledge scores at 0.05 level of significance(p value 0.05). 
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Mean, median, mode, standard deviation and range of knowledge scores of selected diabetic 

patients regarding dietary  management 

n=30 

Area of 

Analysis 

Mean Median Mode SD Range 

Knowledge 19.95 20 22 2.8 13 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION: 

The discussion is accordance with the objectives and hypotheses of the study to assess the 

knowledge of diabetic patients regarding dietary management.  

Demographic variables: Majority of samples 16(53.34%) belongs to the age group of 41- 60yrs, 

24(80%) men were having Diabetes mellitus than  women, 13(42.34%) were had primary education, 

13(43.34%) were having income of Rs. >1500/month, 7(23.34%) were unemployed, 17(56.67%) were 

from joint family, Majority of samples consumed 20(66.67%) mixed diet and 28(93.34%) were 

married. 

The finding reveals that 17 (23%) had poor knowledge, 15(50%) had average knowledge and 5(27%) 

had good knowledge. It depicts that the clients had average knowledge of dietary management.  

In the present study there is significant association between knowledge of dietary management of 

diabetic patients and selected demographic variables as measured by structured questionnaire that 

the selected hypothesis H1 Was accepted. 
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CONCLUSION: 

Based on the analysis of the findings of the study, the following inference was drawn. Majority 

of the study samples lacked the adequate knowledge regarding dietary management of diabetic 

mellitus Also most of them showed either neutral or negative attitude towards the same. Thus, it was 

found to be important to develop a learning package like a SIM regarding the dietary management 

among diabetic patients to increase their knowledge body and boost their attitude up. 
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A B S T R A C T

Aim: Epidemiological studies have indicated importance of folate and vitamin (B12) during pregnancy. Also
available evidence on efficacy of B12 forms viz. Cyanocobalamin (Cbl), Methylcobalamin (MeCbl),
Adenosylcobalamin (AdCbl) and Hydroxycobalamin (HCbl) in preventing or treating cobalamin deficiency is
limited. The present study examines the effect of various forms of B12 in combination with folate during
pregnancy and their effect on gestational outcomes.
Main method: In the present study, we examined the effect of various vitamin B12 forms in presence of re-
commended folate (RFol: 400 μg/day) and high folate (HFol: 5 mg/day) on gestational outcomes in female
Wistar rats.
Findings: Dams dosed with excessive folate (HFol group) delivered low birth weight (LBW) offsprings
(p < 0.01) as compared to RFol dams. Plasma homocysteine levels were found to be significantly higher
(p < 0.05) in dams of HFol group and were reduced after vitamin B12 supplementation. Excessive folate
supplementation and homocysteine levels showed inverse association with placental weight (p < 0.01) and
placental efficiency (p < 0.05). B12 supplementation significantly up-regulated placental miR-16 and miR-21,
associated with fetal growth which in turn reflected in improved birthweights. Supplementation with vitamin
B12 forms, especially combination of active forms of cobalamins: MeCbl + AdCbl significantly increased birth
weights (p < 0.05) and modulated gestational outcomes in RFol as well as HFol supplemented dams.
Significance: Our results indicated supplementing vitamin B12 along with folate during pregnancy had positive
impact on the gestational outcomes. We have shown for the first time that combination of active forms of
vitamin B12: MeCbl + AdCbl has better efficacy as compared to Cbl, MeCbl, AdCbl and HCbl alone.

1. Introduction

Fetal development and growth is a result of several factors com-
prising genetics, maternal nutrition, maternal metabolism and placental
health and functions. In developing nations, suboptimal maternal nu-
trition compromises fetal growth and development. In India, vitamin
B12 deficiency is commonly seen due to vegetarianism and lower
consumption of milk and milk products, while the concentration of
folate is adequate. A recent systematic review showed that vitamin B12
insufficiency among pregnant women across the world was common in
all trimesters (20%–30%) [1]. The recommended dose of folic acid
during pregnancy is 400 μg/day, however, the dosage prescribed in
India is as high as 5 mg/day [2]. Although the DOHaD hypothesis
began with fetal under nutrition, the role of maternal over nutrition is

now recognized and a U-shaped relationship between birth weight and
later health outcomes for the adult has been suggested [3,4].

In our earlier report, we demonstrated that imbalance of folic acid
and vitamin B12 due to higher doses of folate was associated with
global DNA methylation and poor birth outcomes in Indian pregnant
women [2,5]. We also showed restoration of growth, development and
function in trophoblastic cells viz. BeWo and JEG3 when supplemented
with vitamin B12 in excess folate condition [6]. Vitamin B12 deficiency
is also an independent risk factor leading to adverse gestational out-
comes, neural tube defects and neurological complications [7–9]. Vi-
tamin B12 deficiency in pregnancy is prevalent and has been associated
with both lower birth weight (LBW), intrauterine retardation and pre-
term birth [10,11].

Vitamin B12 deficiency is strongly associated with
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hyperhomocysteinemia, which predisposes to adverse pregnancy out-
comes [12,13]. It also increases the risk of developing preterm labor,
intrauterine growth retardation (IUGR), preeclampsia and recurrent
abortions [14,15].

Several studies have recommended vitamin B12 supplementation
during pregnancy although there is confusion on the use of forms of
vitamin B12 viz. Cyanocobalamin (Cbl), Methylcobalamin (MeCbl),
Adenosylcobalamin (AdCbl) and Hydroxycobalamin (HCbl) [16].
Thakkar et al., suggested giving a combination of the active forms of
vitamin B12 (MeCbl + AdCbl) for treatment of vitamin B12 in-
sufficiency [17]. Identifying the best vitamin B12 form for supple-
mentation remains important.

We planned to study effect of vitamin B12 forms MeCbl, Cbl, HCbl,
AdCbl and combination of active forms (MeCbl + AdCbl) along with
recommended dose of folate (RFol: 400 μg/day) and high dose of folate
(HFol: 5 mg/day) on gestational outcomes (in terms of birth weight
(BW), placental weight (PW) and placental sufficiency (BW:PW)) in
femaleWistar rats. We measured plasma homocysteine levels in dams at
gestational day 19 (GD19) as a probable marker associated with an
imbalance in plasma folate and vitamin B12 in pregnancy.

Previous studies have shown the role of placental miRNAs involved
in the development of preeclampsia, preterm labor, IUGR etc. [18,19].
However, miRNA intermediated mechanism in placenta remains poorly
explored. We examined the expression levels of two candidate miRNAs:
miR-16 and miRNA-21 in placental tissue to study its association with
differential maternal nutrition and fetal growth.

2. Material and methods

2.1. Animal maintenance and ethics statement

The study protocol was carried out in compliance with the CPCSEA
guidelines (Committee for the Purpose of Control and Supervision of
Experiments on Animals) Government of India. This study was ap-
proved by the IAEC of National Toxicology Centre, Pune (Registration
No.40/CPCSEA/1999 through RP No. 39/1415). We obtained
12–14 weeks old ninety-six virgin female Wistar rats from a single
colony to decrease genetic variability. Female Wistar rats were housed
in polypropylene cages and maintained at 22 ± 2 °C, under standard
lighting conditions (12- h light/dark cycle) with the relative humidity
of 55 ± 10%.

2.2. Diet composition, breeding and tissue collection

The composition of the diet was as per AIN 93 purified diets for
laboratory rodents [20]. Folate and vitamin B12 were completely re-
moved from the vitamin mixture of diet composition (Table 1; VRK
Nutritional Solutions, Pune, India). Treatment diet and distilled water
were provided ad libitum. Initially, all female rats were fed with vi-
tamin B12 deficient diet and orally dosed with recommended folic acid
[RFol; 400 mcg] for a period of 1 month. The females were then al-
lowed to breed (sex ratio 1M:3F) and pregnancy was confirmed by the
presence of a vaginal plug and/or sperm positive vaginal smear ob-
served under the microscope. This was considered as gestational day 1
(GD1) and dams were randomly divided into different B12 forms sup-
plemented groups as described in Table 2. Folic acid was obtained from
Sigma Aldrich (Missouri, USA) while vitamin B12 forms were procured
from Avanscure Life Sciences Pvt. Ltd. (New Delhi, India). As per
groupings mentioned in Table 2. folic acid and/or vitamin B12 were
administered to dams daily by oral intubation. The dose administered
was calculated on the basis of body weight of dams (microgram/kg
body weight of rat/day).

Fig. 1 shows the schematic study design of the animal experi-
mentation. On GD19, dams were anesthetized with intramuscular ad-
ministration of Ketamine (24 mg/kg) and Xylazine (10 mg/kg) to col-
lect all placentas and liver tissues for later analysis. Litter size was

recorded in each group on GD19 (Supplementary file: S1). New-borns
were placed with foster mothers for further studies. Briefly, after the
midline laparotomy, uterus was excised and washed in Dulbecco's
phosphate buffered saline (PBS). Uterine horns were dissected under
the dissecting microscope, and placentas were isolated. Placentas were
weighed and immediately stored in lysis buffer and RNA later at –80 °C
for later analysis. The absolute weight of placenta and neonates were
recorded to analyse BW:PW ratio, as a proxy for placental efficiency.
Dam's blood was collected by cardiac puncture and samples were pro-
cessed for plasma separation.

2.3. Estimation of plasma vitamin B12, folate and homocysteine

Plasma vitamin B12, folate, and homocysteine levels were de-
termined on GD19. Plasma vitamin B12, folate and homocysteine
concentration were measured by competitive chemiluminescent en-
zyme immunoassay (CLEIA) method (Siemens Centaur CP, Erlangen,
Germany).

2.4. miRNA isolation and profiling

Total RNA was isolated from six placental tissues in each group
using Trizol reagent (Sigma Aldrich) and was stored in RNA later at
–80 °C. RNA samples of high quality with 260/280 ratios (1.8–2.0) were
used in further steps. mirVana™ miRNA isolation kit was used to isolate
miRNA (Ambion Inc). cDNA was synthesized using the iScript kit
(BioRad, Copenhagen, Denmark) following manufacturer's protocol.
Quantitative PCR (qPCR) was performed using the KAPA SYBR® Fast
Universal Master Mix (Kapa Biosystems Inc., Massachusetts, USA) on
ABI StepOne Plus system (Applied Biosystems, Foster City, CA, USA).
Oligonucleotide sequences and qPCR conditions were used as pre-
viously described [21,22]. All samples were run in duplicates and U6
was used for normalisation. Relative expression was calculated using
2–ΔΔCt.

Table 1
Composition of experimental diet.

Component (g/kg)

Cornstarch 398.0
Casein (> 85% protein) 200.0
Dextrinised starch 132.0
Sucrose 100.0
Fata 70.0
Fish oil 0.0
Fiber (cellulose) 50.0
Mineral mixb 35.0
Vitamin mixc 10
Folic acid 0.0
Vitamin B12 0.0
L-Cysteine 3.0
Choline bitartarate 2.5
Tert-butylhydroquinone 0.014

a Fat in the diet was derived from soybean oil.
b Mineral mixture (g/kg mixture): Calcium carbonate: 357;

Potassium Phosphate: 196; Potassium Citrate: 70.78; Sodium
Chloride: 78; Potassium Sulphate: 46.6; Magnesium Oxide: 24;
Ferric Citrate: 6.06; Zinc Carbonate: 1.65; Manganous
Carbonate: 0.63; Cupric Carbonate: 0.3; Potassium Iodate: 0.01;
Sodium Selenate: 0.01; Ammonium Paramolybdate: 0.007;
Sodium Metasilicate: 1.45; Chromium Potassium Sulphate:
0.275; Lithium Chloride: 0.01; Boric Acid: 0.08; Sodium
Fluoride: 0.06; Nickel Carbonate: 0.03; Ammonium Vanadate:
0.006; Sucrose, 221.02.

c Vitamin mixture (g/kg mixture): Nicotinic Acid: 3; Calcium
Pantothenate: 1.6; Pyridoxine-HCl: 0.7; Thiamin –HCl: 0.6;
Riboflavin: 0.6; D-Biotin: 0.02; Vitamin E: 15;Vitamin A: 0.8;
Vitamin D3: 0.25;Vitamin K: 0.075; Sucrose 977.355, was added
to make total weight of the vitamin mix to 1 kg.
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2.5. Statistical analysis

Values were expressed as mean ± SEM and the data was analysed
using GraphPad PRISM 5.0 (Graphpad Software Inc., San Diego, CA,
USA). Mean values of various parameters in all experimental treatments
were compared with the respective control group using one-way ana-
lysis of variance (ANOVA) followed by the Tukey multiple comparison
post-hoc test. The statistical difference between folic acid treated
groups i.e. control groups: RFol vs HFol concentration was assessed
using Student t-test. The difference was considered significant when
p < 0.05.

3. Results

3.1. Effect of vitamin B12 forms on plasma vitamin B12 and folate levels

As expected plasmsa folate was significantly higher in HFol control
group as compared to RFol control group, probably indicating non-
metabolised folate in blood. Vitamin B12 levels were significantly
higher in groups supplemented with vitamin B12 forms as compared to
those in control group (Supplementary file: S2).

3.2. Effect of vitamin B12 forms on dams plasma homocysteine levels

In the present study, plasma homocysteine levels were significantly
increased (p < 0.05) in HFol supplemented dams as compared to RFol
dams at GD 19 (Fig. 2). Supplementation with Cbl and combination of
active forms: MeCbl + AdCbl significantly lowered (p < 0.05) plasma
homocysteine in HFol supplemented dams, though not comparable to
RFol dams.

3.3. Effect of vitamin B12 forms on offsprings birth weight

Birthweight of offspring's from HFol supplemented dams was sig-
nificantly lower (p < 0.01) than that of RFol supplemented dams
(Fig.3). Supplementation of vitamin B12 forms in combination with
RFol significantly increased (p < 0.05) birth weights of offsprings
(Black Bar). At HFol concentration, Cbl and combination of MeCbl
+ AdCbl showed a significant increase (p < 0.05) in birth weights as
compared to control (Grey Bar).

3.4. Effect of vitamin B12 forms on gestational outcomes

Supplementation of HFol and vitamin B12 deficiency resulted in
poorer placental weight (p < 0.01) and placental efficiency (BW:PW,

Table 2
Animal experimentation groups and supplementations.

Groups Administration Abbreviations

Group 1 Recommended Folic acid (400 mcg) RFol
Group 2 Recommended Folic acid (400 mcg) + Methylcobalamin (2.6 mcg) RFol + MeCbl
Group 3 Recommended Folic acid (400 mcg) + Cyanocobalamin (2.6 mcg) RFol + Cbl
Group 4 Recommended Folic acid (400 mcg) + Hydroxycobalamin (2.6 mcg) RFol + HCbl
Group 5 Recommended Folic acid (400 mcg) + Adenosylcobalamin (2.6 mcg) RFol + AdCbl
Group 6 Recommended Folic acid (400 mcg) +

[Methylcobalamin (1.3 mcg) + Adenosylcobalamin (1.3 mcg)]
RFol + [MeCbl + AdCbl]

Group 7 High Folic acid (5 mg) HFol
Group 8 High Folic acid (5 mg) + Methylcobalamin (2.6 mcg) HFol + MeCbl
Group 9 High Folic acid (5 mg) + Cyanocobalamin (2.6 mcg) HFol + Cbl
Group 10 High Folic acid (5 mg) + Hydroxycobalamin (2.6 mcg) HFol + HCbl
Group 11 High Folic acid (5 mg) + Adenosylcobalamin (2.6 mcg) HFol + AdCbl
Group 12 High Folic acid (5 mg) +

[Methylcobalamin (1.3 mcg) + Adenosylcobalamin (1.3 mcg)]
HFol + [MeCbl + AdCbl]

Fig. 1. Schematic representation of experimental protocol.

T. Shah et al. Life Sciences 191 (2017) 97–103

99

Author's Personal Copy



p < 0.05) as compared to RFol dams (Fig. 4A and B). Supplementation
of vitamin B12 viz. Cbl and combination of active forms: MeCbl
+ AdCbl showed a significant increase (p < 0.05) in placental weight
(Fig. 4A) and also enhanced ratio of birth weight to placental weight
(BW:PW, Fig. 4B).

3.5. Effect of vitamin B12 forms on placental miR-16 and miR-21
expression levels

It was observed that both miR-16 and miR-21 expression levels in
placenta significantly decreased (p < 0.05) in HFol dams placenta as
compared to RFol dams (Fig. 5A and B). Interestingly, supplementation
of vitamin B12 forms: MeCbl, Cbl and combination of MeCbl + AdCbl
upregulated miR-16 and miR-21 expressions significantly in RFol sup-
plemented dams. At HFol concentration (grey bars), the combination of
active form of vitamin B12: MeCbl + AdCbl was found to be most ef-
fective (p < 0.05).

4. Discussion

Importance of vitamin B12 during pregnancy is well established.
Very few RCTs have been conducted with inconclusive information on
appropriate biomarkers of vitamin B12 status and also short and long-
term effect of folate during pregnancy and its health outcomes.

Using rat model of pregnancy, we for the first time demonstrated
the effect of various forms of vitamin B12 gestational outcomes in
presence of recommended (RFol: 400 μg) and high folate (HFol: 5 mg)
doses. The key findings of this study are 1] supplementation with ex-
cessive folic acid significantly increased plasma homocysteine levels in
HFol dams compared to RFol dams 2] supplementation of HFol sig-
nificantly decreased birth weights and impaired ratio of birth weight to

placental weight 3] Regulation of placental miR-16 and miR-21 ex-
pressions improved with vitamin B12 supplementation and was asso-
ciated with increased birthweights 4] supplementation with vitamin
B12 minimised deleterious effect of HFol doses 5] among all vitamin
B12 forms, combination of active form of vitamin B12 i.e. (MeCbl
+ AdCbl) improved gestational outcomes, lowered homocysteine levels
and regulated miR-16 and miR-21 expression levels in HFol supple-
mented dams.

Hyperhomocysteinemia, an elevated circulating total homocysteine
concentration, is influenced by genetic and dietary factors such as de-
ficiencies of the enzymes or vitamin cofactors in the homocysteine
metabolic pathway [23]. It could be attributed to lower concentrations
of vitamin B12. Moreover, previously we demonstrated hyperhomo-
cysteinemia and/or high folate and low vitamin B12 concentrations are
potential risk factors for poor gestational outcomes [2,5]. Selhub et al.,
demonstrated worsening of enzymatic function of vitamin B12 with
increasing folate levels in people who were already vitamin B12 defi-
cient [24]. Elevated homocysteine levels reflect impaired methionine
synthase activity in vitamin B12 deficiency. In line with previous stu-
dies [2,9] plasma homocysteine levels were significantly higher in vi-
tamin B12 restricted dams and also in HFol dams as compared to RFol
dams. Supplementation with B12 forms viz. Cbl and combination of
MeCbl + AdCbl significantly lowered plasma homocysteine levels in
HFol dams.

Birth weight is one of the most important gestational outcome
parameters. Earlier it was shown that development and growth of
embryo is predominantly influenced by maternal vitamin B12 status
[25,26]. The substantial steps of growth and development finally decide
the future health status as various cellular physiologies like differ-
entiation and development depends upon in utero milieu [9]. Birth size
at birth is a key determinant of life expectancy and is mainly dependent

Fig. 2. Effect of vitamin B12 forms on dams plasma homocysteine
levels.
Values are expressed mean ± SEM; # p < 0.05: RFol vs HFol
control group using student t-test; ⁎ p < 0.05: RFol control vs dif-
ferent vitamin B12 forms (Black Bars) using one way ANOVA; $

p < 0.05: HFol control vs different vitamin B12 forms (Grey Bars)
using one way ANOVA.

Fig. 3. Effect of vitamin B12 forms on birth weights.
Values are expressed mean ± SEM; ## p < 0.01: RFol vs HFol
control group using student t-test; ⁎ p < 0.05: RFol control vs dif-
ferent vitamin B12 forms (Black Bars) using one way ANOVA; $

p < 0.05: HFol control vs different vitamin B12 forms (Grey Bars)
using one way ANOVA.
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Fig. 4. Effect of vitamin B12 forms on gestational outcomes.
Values are expressed mean ± SEM; # p < 0.05, ## p < 0.01: RFol
vs HFol control group using student t-test; ⁎ p < 0.05: RFol control
vs different vitamin B12 forms (Black Bars) using one way ANOVA; $

p < 0.05: HFol control vs different vitamin B12 forms (Grey Bars)
using one way ANOVA.

Fig. 5. Effect of vitamin B12 forms on placental miR-16 and miR-21
expression levels:
Values are expressed mean ± SEM (n = 6); # p < 0.05: RFol vs
HFol control group using student t-test; ⁎ p < 0.05, ⁎⁎ p < 0.01:
RFol control vs different vitamin B12 forms (Black Bars) using one
way ANOVA; $ p < 0.05: HFol control vs different vitamin B12
forms (Grey Bars) using one way ANOVA.
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on placental supply of nutrients. Several prenatal disturbances, such as
calorie restriction, iron restriction, low protein diet, low and/or re-
stricted vitamins diet in rodents as well as humans have reduced birth
weights [27]. Maternal vitamin B12 and folate were found to be sig-
nificantly lower in women who delivered low birth weight (LBW) ba-
bies compared to those who delivered normal birth weight babies as
shown previously [28]. Interestingly we found that HFol supplemented
dams resulted in significant LBW offsprings as compared to RFol sup-
plemented dams and results are in agreement with Huot et al. [29].
Previous studies have reported lower fetal growth due to a high fola-
te:low vitamin B12 ratio [30,2]. All forms of vitamin B12 showed a
significant increase in birth weight in RFol supplemented dams, while
Cbl and combination of MeCbl + AdCbl were effective in HFol sup-
plemented dams.

Our findings are consistent with series of investigations showing a
positive correlation between hyperhomocysteinemia and lower pla-
cental weight and LBW [31]. The key factor in IUGR is the placental
supply of maternal nutrients and gases to the fetus [32]. In many spe-
cies, fetal weight near term and/or birth weight positively correlates
with placental weight and these associations can serve as determinants
of the placental capacity to support fetal growth.

Indeed maternal environment clearly affects placental and fetal
growth and furthermore health outcomes in offsprings. As previously
explored, placental phenotypic attributes have been correlated with
various diseases in humans postpartumly, including insulin resistance,
hypertension, cardiovascular diseases, asthma, cancers and also pre-
mature death [27]. Our results are consistent with recent finding
[33,34], high folic acid supplemented dams had significantly lower
placental weight as compared to RFol dams. Supplementation of vi-
tamin B12 forms viz. Cbl and MeCbl + AdCbl significantly increased
placental weight in RFol dams, while only MeCbl + AdCbl increased
placental weight in HFol dams.

As stated earlier appropriate embryo growth relies upon adequate
placental nutrient transfer. The ratio of birth weight to placental weight
is often used as a proxy for placental efficiency [34]. A higher ratio in
an appropriately grown fetus is assumed to be due to up-regulated
placental nutrient transfer capacity. Birth weight to placental weight
(BW:PW) ratio has been measured in complicated pregnancies like
impaired glucose tolerance, gestational diabetes mellitus and pre-
eclampsia [34,35]. Especially, the weight of evidence suggests that
BW:PW ratio is reduced in both small for gestational age (SGA) and
fetal growth restriction [36,37]. In the present study, we observed that
BW:PW ratio was significantly lowered in HFol dams as compared to
RFol dams. Supplementation of vitamin B12, especially Cbl and a
combination of MeCbl + AdCbl significantly improved BW:PW ratio by
reverting the effect of high folate dosage during pregnancy.

Recent research has shown that altered miRNA profile in the pla-
centa was associated with adverse pregnancy outcomes [38]. For in-
stance, out of 6 candidate miRNAs analysed in 107 termed human
placentas, miR-16 and miR-21 expression levels were decreased in the
low birth weight (LBW) neonates. Using logistic regression and con-
trolled confounders, reduced miR-16 and miR-21 levels in placenta
predicted increased odds of SGA status. miR-21 is known to be an on-
cogene and triggers proliferation, invasion and migration by suppres-
sing Phosphatase and tensin homolog (PTEN) in ovarian epithelial
carcinomas [39,40]. As placenta promotes fetal growth and develop-
ment through its own proliferation and invasion in the maternal de-
cidua, decreased miR-21 in placenta probably deregulates PTEN re-
sulting in decreased invasion, migration and thereby decreased
placental growth [41]. Supplementation with a combination of active
forms MeCbl + AdCbl upregulated miRNA levels at excess folate, while
MeCbl, Cbl and MeCbl + AdCbl were most effective at RFol con-
centrations, suggesting an additive effect of physiologically required
vitamin B12 and folate in placental and fetal growth and development.
Interestingly, miR-21 is defined as functional miRNA and has been
found in maternal circulation, and can be used as a probable prognostic

marker [42]. We hypothesize that miR-16 and miR-21 can be used as
biomarkers to detect anomalies in fetal growth, though more mechan-
istic studies are required to understand the involvement of placental
miRNA in fetal growth.

In conclusion, we have extended the findings of our recently pub-
lished in-vitro study, an effect of vitamin B12 forms at the supra-phy-
siological folic acid concentration on trophoblastic cell's health, func-
tion and development. This observation provides a possible insight into
explanation for high folic acid supplementation exacerbating the clin-
ical manifestations of vitamin B12 deficiency. The major findings of the
study suggest that high folate during pregnancy should be supple-
mented cautiously to avoid any detrimental effects and how supple-
mentation with a combination of active cobalamin forms: MeCbl
+ AdCbl may nullify the effect of excess folate.
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Abstract DNA fingerprinting singly or in combination

with phytochemical analysis is ideal for quality control of

crude plant-based drugs. However, when the source

material is tannin rich stem bark, extraction of DNA by

conventional methods becomes challenging. In such cases,

phytochemical profiling serves as very useful tool for its

identification. The work herein described a method for

simultaneous DNA isolation and phytochemical extraction

for downstream analysis and applications from dried bark

powder of Saraca asoca and commercial samples of this

crude drug as well as from those of Polyalthia longifolia,

its most common adulterant. It is a modified CTAB-based

method which involves a pre-extraction step by soaking

samples overnight in de-ionized water followed by filtra-

tion. The residues in the filter paper were used for DNA

isolation and dried filtrate was used for Reverse Phase-

High-Performance Liquid Chromatography analysis.

Results revealed that genomic DNA isolated was PCR

amplifiable with Inter Simple Sequence Repeat and Start

Codon Targeted markers. Phenolic compounds of catechin,

epicatechin, and gallic acid were detected from the above

dried filtrate. The method is simple, reliable and it requires

small amount of sample with an option of integrating both

phytochemical and DNA-based profiling, from the same

starting material. Therefore, the present method could be

useful for further potential applications such as quality

control assessment of S. asoca products.

Keywords Adulteration � DNA and chemical

fingerprinting � HPLC � PCR � Saraca asoca

Introduction

DNA-based identification tools are gaining importance in

plant genetic studies. The methods such as DNA barcoding

and High-Resolution Melting (HRM) analysis were suc-

cessfully applied in plant research (Osathanunkul et al. 2015;

Simko 2016). Several characterization methods such as

Amplified Fragment Length Polymorphism (AFLP), Inter

Simple Sequence Repeat (ISSR), Short Tandem Sequence

(STS), Simple Sequence Repeat (SSR) etc. have been fre-

quently used techniques (Li et al. 2013; Ganie et al. 2015).

For these techniques, quality of DNA assumes prime

importance. In recent years, different methods to isolate

DNA from various plant sources were reported. However,

none of these have been established as a single, universally

applicable method. Isolation of quality DNA from wood or

bark is challenging due to the presence of polyphenols,

proteins, and polysaccharides, which are the major, inhibi-

tors interfering DNA isolation procedures (Rezadoost et al.

2016). Therefore, depending on plant species and part used,

the DNA isolation methods are generally modified and

optimized.

Saraca asoca (Roxb.) De Wilde (Caesalpiniaceae) is a

red listed vulnerable medicinal plant. It is traditionally

known for its use in the treatment of a variety of
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gynaecological disorders (Nadkarni 1976; Hegde et al.

2007; Tandon and Yadav 2017). ‘Ashokrishtam’ and

‘Ashokaghritham’ with few others are major ayurvedic

medicinal preparations made from the bark of this plant

and extensively traded in India (Singh et al. 2015). As per

the reports of the National Medicinal Plant Board (NMPB)

and Foundation for Revitalization of Local Health Tradi-

tions (FRLHT), India, domestic demand of ‘Ashoka’ bark

is C100 metric tonnes per year (Ved and Goraya 2007).

Ever-increasing demand and dwindling supply due to

rapidly vanishing S. asoca populations have resulted in

rampant substitution/adulteration of the crude drug to

match the demand. Saraca asoca has been substituted/

adulterated with various other plant materials (Singh et al.

2015), most commonly with P. longifolia (Sonnerat)

Thwait. (Annonaceae), which has earned it the name of

‘‘(False) Ashoka’’ (Sarin 1996; Khatoon et al. 2009). It is

perhaps because of this extensive substitution that scarcity

of the crude drug is not observed in herbal market.

Chemoprofiling has generally been a standard practice for

species identification and quality control of crude drugs

(Avula et al. 2007; Urumarudappa et al. 2016). However,

similar morphology and chemical fingerprints of botanicals

have often resulted in misidentified (Osathanunkul et al.

2016). DNA fingerprinting analysis in such cases is neces-

sary. However, DNA analysis is often not practicable

because of possibility of DNA degradation in commercial

samples. Therefore, ideally, combination of both genetic and

chemical profiling would be better suited for identification

and authentication of plant species (Smillie and Khan 2010;

Urumarudappa et al. 2016). Unfortunately, when the crude

drug is a bark as in case of S. asoca, DNA isolation becomes

very difficult due to the presence of dead cells and several

inhibitors of DNA. Herein, we present a simple and easy

method that can be used for simultaneous DNA isolation and

chemoprofiling from dried bark powder of S. asoca, crude

drug samples of S. asoca as well as of its adulterant P.

longifolia. The isolated DNA samples were good enough for

further downstream applications like ISSR and SCoT fin-

gerprinting analysis as well as RP-HPLC analysis, assays

that can be used for quality assessment and/or authentication.

In addition, as a tangential utilization of the method, Total

Phenolic Content (TPC) and Total Protein Content (TProC)

were carried out to analyse the possibility of lowering

interference during the isolation of quality DNA.

Materials and methods

Plant sampling

Bark samples of S. asoca (Codes: SA1 and SA2) and P.

longifolia (Codes: PL1 and PL2) were collected from

Siddapur region (N:14�21.4420E:074�45.6840 Elevation:

520 m) of Western Ghats (Karnataka State) India. Flow-

ering twigs of S. asoca and P. longifolia were morpho-

logically identified and herbarium were deposited at

ICMR–NITM, Belagavi, Karnataka, India (Voucher

Number: S. asoca: RMRC 997; P. longifolia: RMRC

1256).

Commercial market samples and processing

Commercial bark samples sold as S. asoca were obtained

from local markets of Chennai (Tamil Nadu: MA1) and

Bengaluru (Karnataka: MA2) India. All the obtained plant

materials were thoroughly dried at 45 ± 2 �C in a hot air

oven, powdered in a domestic grinder, and used for further

processing.

Pre-treatment

Powdered bark samples (250 mg) were soaked in deionised

water (10 mL) overnight (14 h) with continuous shaking

(110 ± 5 rpm) at 25 ± 2 �C on an orbital shaker (Rivotek,

India). The extracts were then filtered through Whatman

no. 1 filter paper and the resulted residue was dried in oven

at 45 ± 2 �C. The filtrate was kept separately at 40 �C for

evaporation.

DNA isolation

• The dried residue (powders) were suspended in 1.5 mL

of preheated extraction buffer [2% w/v CTAB,

100 mM Tris HCl (pH 8.0), 1.4 M NaCl, 20 mM

EDTA, 100 mM polyvinylpyrrolidone (PVP) (w/v),

and 1% b-mercaptoethanol (v/v) added immediately

before use] in a 15 mL Oakridge tube.

• The mixture was incubated at 65 �C for 30 min with

intermittent shaking and cooled to room temperature,

and 500 lL of 5 M potassium acetate was added,

mixed gently, and incubated at -20 �C for 1 h.

• Subsequently, 2 mL of chloroform–isoamyl alcohol

(24:1) was added and mixed thoroughly followed by

centrifugation at 10,000 rpm for 20 min.

• The aqueous layer was collected in fresh centrifuge

tubes and equal volume of 30% polyethylene glycol

(PEG) 600 was added, gently mixed, and incubated at

-20 �C for 1 h.

• After centrifugation at 10,000 rpm for 25 min, the

supernatant was discarded.

• 500 lL of absolute alcohol was added and incubated at

-20 �C for 1 h and centrifuged.

• The pellets were washed with 70% ethanol by cen-

trifugation at 10,000 rpm for 10 min, supernatant

discarded and pellets were air dried.
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• The DNA pellet was dissolved in 20 lL TE buffer and

stored in -20 �C.

Determination of quality and quantity of isolated

DNA

The quality and quantity of isolated DNA were determined

using Nanodrop Spectrophotometer (JH BIO, USA) at

260/280, 260/230 nm ratio as well as visually by horizontal

electrophoresis on 0.8% agarose gels stained with GelRed

(Biotium Inc., USA). Each sample was diluted to 40 ng/lL
with TE buffer (10 mM Tris HCI, pH 8.0 and 0.1 mM

EDTA, pH 8.0) for PCR amplification and stored at

-20 �C.

PCR amplifications

Two primers each of ISSR (UBC, Canada) and SCoT

markers (Collard and Mackill 2009) (Sigma Aldrich, India)

(Table 1) were used for the study. ISSR amplification was

performed in a 25 lL reaction volumes containing 40 ng

genomic DNA, 10 lM primer, 200 lM of each dNTP

(Merck, India), 3 U/lL of Taq DNA polymerase (Merck,

India), along with 10X PCR buffer supplied (TrisHCl, pH

9.0; 15 mM MgCl2). The ISSR–PCR condition consisted

of an initial step of denaturation at 94 �C for 5 min, fol-

lowed by 45 cycles of denaturation at 94 �C for 45 s,

annealing at 49 �C for 45 s and extension at 72 �C for

1 min and an additional final extension of 72 �C for 10 min

was followed. For SCoT amplification, annealing temper-

ature was raised to 50 �C and the remaining conditions

were same as that of ISSR amplification.

ISSR and SCoT marker amplifications were performed

in Mastercycler� Nexus (Eppendorf AG, Germany) ther-

mal cycler. The electrophoresis of the PCR products was

carried out using 1.5% agarose gel in 1X TAE buffer and

GelRed (Biotium Inc, USA) as a staining dye. Agarose gels

were photographed using gel documentation system (Syn-

gene, UK). In both amplifications, negative controls were

maintained as reactions without template DNA. To ensure

reproducibility, each PCR amplification was repeated at

least twice.

TPC and TProC

The extract obtained as filtrate from bark samples soaked in

deionised water was reduced to dryness on a water bath

(85 ± 5 �C), re-dissolved in water (0.1% w/v), and used for

TPC estimation. Total phenolic content was estimated using

previously reported modified Folin–Ciocalteu method

(Pawar et al. 2011). The absorbance of the blue colour was

read at 760 nm on Thermo, 60G scan, microplate reader

(spectrophotometer). The extracts prepared (0.1% w/v in

water) were quantified and the results were compared with

standard curves of tannic acid. The results were expressed as

gram tannic acid equivalent per 100 g dry powdered samples

(g/100 g or %). The above extracts were used to estimate

total proteins usingLowry’smethod (Lowry et al. 1951). The

absorbance at 660 nm was read for five different concen-

trations (40, 60, 80, 100, and 120 lg/mL) of Bovine Serum

Albumin (BSA) as standard and were compared with values

of bark extracts to estimate total protein. The results were

expressed in mg/g dried bark powder.

Chemoprofiling using RP-HPLC analysis

Sample and standard preparation for RP-HPLC

analysis

A known amount of dried extract obtained as filtrate from

bark samples soaked in de-ionized water was dissolved in

the solvent system to obtain mg/mL concentration samples.

Similarly, different concentrations of gallic acid (0.012,

0.1, 1, and 5 lg/mL), catechin (0.02, 0.1, 1, 5, 10, and

20 lg/mL), and epicatechin (0.02, 0.1, 1, 5, 10, and 20 lg/
mL) were prepared in methanol and were used to obtain

calibration and linearity. All test samples were passed

through 0.20 lm NY-membrane (Sartorius, Germany)

before injecting into HPLC.

Instrumentation and RP-HPLC chromatographic

conditions

RP-HPLC analysis was performed on a Shimadzu chro-

matographic system (Model no. LC-20AD) consisting of a

quaternary pump, auto injector (SIL20-ACHT), degasser

(DGU-20A5), and dual k ultraviolet (UV) absorbance diode

array detector (Modelno. SPD-M20A).Thebuilt inLC(liquid

chromatography)-solution software system was used for data

processing. Chromatographic separation was achieved on a

CAPCELL PAKC18MG II S5 250–4.6 mm (5 lm) column.

Amobile phase consisting of ‘‘A’’ (acetonitrile), ‘‘B’’ (water),

Table 1 Primers used for ISSR and SCoT amplifications during the

study

Primer name Sequence (50–30)

ISSR primers

UBC 834 AGAGAGAGAGAGAGAGYTa

UBC 880 GGAGAGGAGAGGAGA

SCoT primers

S-2 CAACAATGGCTACCACCCT

S-3 CAACAATGGCTACCACCGC

a Y = C ? T
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and ‘‘C’’ (glacial acetic acid) was used for separation with

12:85:3 in an isocratic mode with injection volume of 10 lL.
The flow rate was 0.7 mL/min and the detection wavelength

of photodiode array (PDA)was set to 280 nmwith 20 min run

time for both standard and sample. Using the above, calibra-

tion curve for the standard was made and unknown concen-

tration of catechin, gallic acid, and epicatechin in the bark

samples of S. asoca was determined.

Statistical analysis

The experiment was performed in triplicate and the data

were reported as means and ±standard deviation. Graph-

Pad Prism (Evaluation version) was used for statistical

analysis.

Results and discussion

DNA isolation and analysis

The isolated DNA was confirmed by 0.8% agarose gel

(Fig. 1) as PCR amplifiable genomic bands. The average

yield of DNA isolated using the present protocol ranged

from 0.550 ± 0.028 to 1.557 ± 0.078 lg/g dry powders

and the ratio of OD 260/230 and 260/280 is presented in

Table 2. The ratio of absorbance at 260/280 between 1.7

and 1.9 is used as a standard for determining a pure DNA

sample. Anything below 1.7 indicates the presence of

protein and to a lesser extent latent phenol or carbohydrate,

contamination and above 1.9 indicates contamination with

RNA (Llongueras et al. 2013).

The isolated DNA samples were amplified using ISSR

(UBC 834, UBC 880) (Fig. 2a) and SCoT (S2, S3) markers

(Fig. 2b). Amplification occurred with the use of both the

markers with prediction of consistent bands revealed good

quality of DNA. It was also interesting to note that isolated

DNA obtained from commercial market sample MA2 had

lower purity (0.95 ± 0.05 in 260/280) and concentration

(068.82 ± 3.44 ng/lL) compared to others. Sample MA2

resulted in poor PCR amplification and showed sheared

bands when resolved on 1.5% agarose gel (Fig. 2c). The

observations of the present study are in accordance with

previous reports on adulteration, wherein it was reported

that longer storage and adulteration/substitution affect the

drug including its DNA quality (Li et al. 2013; Smillie and

Khan 2010; Kazi et al. 2013).

Isolation of quality DNA from dried, powdered plant

material and from highly differentiated tissue is challeng-

ing. To overcome this issue, the present method was

designed and optimized from the methods previously

described for recalcitrant Piper nigrum berries and the

market samples of dry tea (Singh et al. 1999; Dhanya et al.

2007). The major problem in using bark as source for DNA

is that they usually contain higher amount of tannins and

polyphenols that inhibit DNA isolation and PCR. Thus, to

reduce the interference of such bio-compounds during

extraction, all the dried bark powders were soaked over-

night in de-ionized water. This pre-extraction step was

found essential, without which DNA yield was lower, and

there was shear in the DNA during agarose gel elec-

trophoresis, which, in turn affected PCR amplification. The

Fig. 1 DNA samples isolated in duplicates (M mol. wt. markers,

lanes 1–4: two individuals of S. asoca bark samples (SA1&SA2);

lanes 5–8: MA2 and MA1 market samples; and lanes 9–12: two

individuals of P. longifolia samples (PL1&PL2)

Table 2 Average yields and 260/230, 260/280 absorbance ratios of isolated DNA

Code 260/230a 260/280a Concentrationa (ng/lL) Yielda (lg/0.1 g)

SA1 0.86 ± 0.04 1.58 ± 0.08 110.80 ± 5.52 0.886 ± 0.044

SA2 1.23 ± 0.06 1.73 ± 0.09 194.61 ± 9.73 1.557 ± 0.078

MA1 0.55 ± 0.03 1.48 ± 0.07 134.00 ± 6.76 1.072 ± 0.054

MA2 0.72 ± 0.04 0.95 ± 0.05 68.82 ± 3.44 0.550 ± 0.028

PL1 0.74 ± 0.03 1.71 ± 0.9 127.18 ± 6.34 1.017 ± 0.051

PL2 1.37 ± 0.07 1.88 ± 0.08 118.67 ± 5.94 0.949 ± 0.047

a Values in table represent mean of three extractions ±SD
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elimination of polyphenols was also ensured by adding

potassium acetate, PVP, and PEG treatments during iso-

lation of DNA. This step is necessary to remove secondary

metabolites and coloured pigments to some extent (Dhanya

et al. 2007). It was observed in the present study that use of

potassium acetate instead of sodium acetate significantly

improved the quality of DNA isolated with better

amplification.

DNA profiles obtained for S. asoca, commercial market

samples, and those of P. longifolia exhibited clear differ-

ences. Even SCoT markers proved a clear polymorphism

within S. asoca distinct from P. longifolia. Although

commercial sample (MA2) showed shearing of bands after

PCR amplification, the method was found to hold good for

the rest of the samples. The different procedures of pro-

cessing of raw drugs or adulterations might be possible

reasons for the poor amplification of MA2 (Smillie and

Khan 2010; Kazi et al. 2013).

TPC and TProC analysis

Barks are rich in polyphenols especially tannic acid, which

retards DNA isolation. Soaking of the bark powder in de-

ionized water for 12–14 h (overnight) removed hydro-

lysable polyphenols and tannins. The extractive yield from

the filtrate of overnight soaked de-ionized water was cal-

culated (Table 3). The total phenolic content of all these

samples was determined in equivalence of tannic acid

(Table 3). The ranges of extractive yields were from

06.24 ± 0.312 to 18.92 ± 0.946 g/100 g. TPC ranged

from highest in MA1 to the lowest in PL2 (Table 3).

Saraca asoca bark samples (SA1 and SA2) and commer-

cial market samples (MA1 and MA2) showed on an

average similar TPC when compared with that of P.

longifolia samples (PL1 and PL2).

The total protein estimated using Lowry’s method is

presented in Table 3. The protein values ranged from

0.060 ± 0.003 to 0.343 ± 0.017 mg equivalent BSA/g

dried bark powder. Interestingly, it was observed that

protein values of both the P. longifolia samples were more

or less similar and these values were lower than that

observed in other samples. Higher amount of protein was

observed in SA1 followed by MA1, SA2, and MA2

(Table 3).

Quantification of gallic acid, catechin,

and epicatechin using RP-HPLC analysis

In the present study, the major chemical compounds of S.

asoca, such as (?)-catechin, (-)-epicatechin, and gallic

acid were quantified (Saha et al. 2013; Shirolkar et al.

2013). Previously used RP-HPLC protocol was employed

during the study (Hegde et al. 2017). Calibration curves for

gallic acid, catechin, and epicatechin produced equation

y = 32538x ? 8078.5, y = 8240.5x ? 851.1, and

Fig. 2 a ISSR profile of S. asoca (primer UBC 834: lanes 1–2;

primer UBC 880: lanes 5–6) and P. longifolia (primer UBC 834:

lanes 3–4; primer UBC 880: lanes 7–8). b SCoT profile of S. asoca

(primer S-2: lanes 1–2; primer S-3: lanes 5–6) and P. longifolia

(primer S-2: lanes 3–4; primer S-2: lanes 7–8). c ISSR and SCoT

profile of MA1 (primer UBC 834: lane 1 and UBC 880: lane 3;

primer S-2: lane 5 and S-3: lane 7) MA2 samples (primer UBC 834:

lane 2 and UBC 880: lane 4; primer S-2: lane 6 and primer S-3 lane

8). a–c M standard molecular weight marker (100 ? 500 bp), NC

negative control
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y = 9378.8x ? 756.1, respectively, with coefficient of

determination (R2) not less than 0.995 (Fig. 3b). Chro-

matographic peaks were confirmed by comparing retention

times and UV spectra with reference standards. The

amount of gallic acid, catechin, and epicatechin ranged

from 0.011 ± 0.003 to 1.385 ± 0.076, 0.039 ± 0.002 to

0.270 ± 0.013, and 0.007 ± 0.000 to 0.087 ± 0.004 mg/

g, respectively (Table 3; Fig. 3). Interestingly, gallic acid

content was highest in PL1 and PL2 compared to other

samples. Catechin was present in SA1, SA2, and MA1 and

was not detected in MA2, PL1, and PL2. Epicatechin

content was observed in lower amount compared to gallic

acid and catechin. It is pertinent to discuss here that the

phytochemical composition of a plant is influenced by

genetic as well as environmental factors and further vari-

ation might also be due to the extraction method used (Pai

et al. 2011; Shukla et al. 2017).

Use of authentic medicinal plant is the most crucial

aspect in preparation of any herbal medicine. Adulteration

is a major concern both with domestic and international

markets (Williamson et al. 2015; Urumarudappa et al.

2016; Pendkar et al. 2016). With increasing demand of

herbal products, the importance of authentication of

botanicals gains utmost importance (Smillie and Khan

2010; Xin et al. 2015). To the best of our knowledge, there

has been no report of any easy method of simultaneous

DNA and phytochemical extraction from the bark samples

used as crude drug of S. asoca and its most common

adulterant P. longifolia. In the present study, we have

optimized a method to serve this purpose despite the dif-

ficulty of isolating DNA from the bark with contains

inhibitors. This methodology would provide researchers

and industry with an easy way to simultaneously isolate

DNA for PCR-based assays and extract photoconstituents

for chemoprofiling for various downstream applications

including assays for identification and authentication and

maintaining quality standards for S. asoca, one of the most

commercially important medicinal plants of India.

Conclusions

The method of simultaneous DNA isolation and phyto-

chemical extraction from bark of S. asoca is simple, time

saving, and useful for various downstream application

having enormous advantage of using only small quantity of

raw botanical drugs. The method also provides a benefit of

using the same sample for phytochemical profiling by

chromatographic fingerprints using HPLC and genetic

profiling by PCR-based applications. The method was

found to be equally good for use with commercially

available crude bark samples of S. asoca and with its most

common adulterant P. longifolia and, therefore, has

Table 3 Phytochemical attributes for filtrates of soaked samples of S. asoca, market and P. longifolia

Sample Code Yield g/100 g ± SD TPCa % ± SD GA mg/g ± SD CA mg/g ± SD EC mg/g ± SD Protein (mg/g) ± SD

S. asoca SA1 12.48 ± 0.624 29.41 ± 1.47 0.190 ± 0.009 0.270 ± 0.013 0.057 ± 0.003 0.343 ± 0.017

SA2 11.20 ± 0.560 23.73 ± 1.19 0.011 ± 0.003 0.039 ± 0.002 0.010 ± 0.005 0.232 ± 0.012

Market MA1 10.92 ± 0.546 30.23 ± 1.51 0.189 ± 0.009 0.062 ± 0.003 0.007 ± 0.000 0.302 ± 0.015

MA2 06.92 ± 0.346 28.90 ± 1.45 0.992 ± 0.050 ND 0.018 ± 0.003 0.130 ± 0.006

P. longifolia PL1 06.24 ± 0.312 17.67 ± 0.88 1.374 ± 0.069 ND 0.087 ± 0.004 0.060 ± 0.003

PL2 18.92 ± 0.946 04.14 ± 0.21 1.385 ± 0.076 ND 0.016 ± 0.007 0.062 ± 0.003

ND not detected, GA gallic acid, CA catechin, EC epicatechin
a TPC was represented as % tannic acid equivalent (TAE) and total proteins as mg BSA equivalent/g sample

cFig. 3 HPLC profiles of a standard gallic acid, catechin, and

epicatechin (20 lg/mL); b five-point calibration curve; c SA1;

d SA2; e MA1; f MA2; g PL1; and h PL2
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potential for utilization in research and industry for iden-

tification, authentication, and quality assessment.
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Investigation of Biowaivers for Immediate Release Formulations Containing
BCS III Drugs, Acyclovir, Atenolol, and Ciprofloxacin Hydrochloride,
Using Dissolution Testing
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ABSTRACT. The dissolution of several products containing Biopharmaceutical Classifi-
cation System (BCS) class III drugs, acyclovir, atenolol, and ciprofloxacin hydrochloride,
listed in the WHO essential drug list (EDL), was tested and compared with their respective
comparator pharmaceutical products (CPPs) marketed in South Africa and India. US
Pharmacopeia (USP) buffers of pH 1.2, 4.5, and 6.8 were used as dissolution media and
tested using USP apparatus 2 at 75 rpm and 900 ml. Nine acyclovir products were tested, and
only three dissolved very rapidly in all media; i.e., they showed a release of >85% in 15 min.
Eight atenolol products tested were all very rapidly dissolving in all three pH media. Ten
ciprofloxacin hydrochloride products were tested, and the results showed that only five
products met the WHO biowaiver criteria. This study indicates that not all marketed
products containing the same BCS III active pharmaceutical ingredient (API) in similar
strength and dosage form are necessarily in vitro equivalent as per the WHO biowaiver
criteria. Furthermore, selection and availability of an innovator product as CPP are important
considerations that can affect the outcomes of such studies.

KEY WORDS: Biopharmaceutics Classification System; comparator pharmaceutical product;
dissolution; innovator.

INTRODUCTION

The Biopharmaceutical Classification System (BCS) has
been acknowledged as a sound scientific basis for waiving
regulatory requirements for conducting comparative
bioavailability (BA) studies for certain classes of drugs
formulated as immediate-release (IR) solid oral dosage forms
(1,2). The concept of using and recommending essential
drugs is presently being adopted in developing countries. In
this scenario, health agencies recommend/encourage inter-
changeability of branded/innovator medicines with generic
drug products, thereby reducing costs of procurement and
increased access to essential medicines (3). In recent years,
the use of generic medicines has gradually been increasing
internationally, as a result of financial burden on medicines
budgets (4,5). In several countries throughout the world,
generic substitution has been strongly reinforced by health

authorities. It is based on the premise that the use of a
generic medicine that is relatively inexpensive will, not-
withstanding, result in an identical therapeutic effect. In
spite of modern developments and stringent regulatory
review of dossiers, there still exists a notion that branded/
innovator products are better and safer than generic
products (6,7). Based on the BCS introduced in 1995,
the World Health Organization (WHO) guideline permits
a waiver of BA and bioequivalence (BE) studies for BCS
I (highly soluble and highly permeable) and, more
recently, also for BCS III (highly soluble and poorly
permeable) drugs and represents the framework for
predicting intestinal drug absorption based on solubility
and intestinal permeability (8). Since BCS III drugs are
considered to be highly soluble, similar assumptions and
biowaiver requirements should be acceptable as with BCS
I drugs (9). Based on the BCS, dissolution testing can
thus be used as a surrogate method for extrapolating BE
studies, thereby providing a consideration for biowaivers.
The concept of biowaivers makes provision for the
regulatory market approval of generic drug products
based on in vitro dissolution tests rather than BE studies
in humans (10).

In a previous study where some solid oral dosage forms
containing BCS I drugs marketed in South Africa and India
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were investigated, in spite of being classified as highly soluble
and highly permeable, some of the products studied did not
meet the relevant WHO biowaiver requirements (11).

Since biowaiver criteria for BCS III drugs have also been
recommended by the WHO in their guidelines (8) and more
recently by the US FDA (12,13), this study was undertaken to
investigate the in vitro equivalence and compliance with the
WHO biowaiver requirements for BCS III products marketed
in South Africa and India.

Products containing BCS class III drugs, acyclovir,
atenolol, and ciprofloxacin hydrochloride, were identified
as BCS III drugs (14–16), although the latter drug was
cited as BCS IV in two other publications. The BCS IV
classification for ciprofloxacin hydrochloride appears to
be based on limited data where most of the solubility
data for ciprofloxacin in the biowaiver monograph
publication was reported at 25°C and not 37°C. Further-
more, ciprofloxacin hydrochloride was included as a BCS
IV drug (17) based on Binconclusive data^ in a table
published by Lindenberg et al. (18).

It has been reported that the BA of BCS class III
drugs is rate-limited by the membrane permeability in the
gastrointestinal tract. Wu and Benet suggested that dosage
forms containing BCS III drugs should not qualify for a
waiver on the basis of dissolution studies alone since
certain components of class III dosage forms can affect
uptake transporters and modify bioavailability (BA).
However, the clinical significance of any effect on
absorptive transporters and on BA remains unconfirmed
(14). Generally, orally administered drugs are absorbed
via transcellular passive transport and the intrinsic lipo-
philicity of the drug is a determinant of the drug transport
across the enterocytes, and high membrane permeability
would be attained due to associated lipophilicity (19,20).
However, permeation enhancers, such as fatty acid and
surfactants, may also play a role in improving the
permeability of drugs via the paracellular route (21).

The WHO essential drug list consists of 325 medicines
and 260 drugs, of which 123 are IR dosage forms. The
percentages of the drugs in IR dosage forms on the WHO list,
classified as BCS III, are based on the dose number (D0) for
solubility, and the calculated (LogP) or predicted (ClogP)
partition coefficient for n-octanol/water for permeability was
31.7% and 35.0%, respectively (22), and are recommended
by the WHO as scientifically justified for regulatory approval
for biowaivers for BCS III drugs. Therefore, the majority of
IR oral drug products on the WHO list of essential drugs are
candidates for waiver of BE testing based on in vitro
dissolution testing.

MATERIALS AND METHODS

Reagents and Materials

HPLC-grade acetonitrile and methanol were purchased
from Fisher Scientific (Mumbai, India). Sodium acetate,
sodium phosphate, sodium hydroxide, and glacial acetic acid
were procured from Merck (Mumbai, India). HPLC-grade
water was generated in a Millipore Direct-Q® 3 System
(Millipore, Molsheim, France), and Millex-HV® hydrophilic
PVDF 0.45-μm membrane filters (Millipore, Bedford, USA)

were used to filter all solutions. Acyclovir reference standard
(RS) (J1G366), atenolol RS (I0F032), AND Ciprofloxacin
hydrochloride RS (J1L040) were purchased from the US
Pharmacopeia (USP, Rockville, MD, USA). Generic and
innovator products of acyclovir, atenolol, and ciprofloxacin
hydrochloride were purchased from local pharmacies and
dealers in their respective countries. Buffer media for
dissolution testing were prepared as per USP specifications
at pH of 1.2, 4.5, and 6.8 (23). Zovirax® 200 DT purchased
from GlaxoSmithKline (GSK), South Africa, was selected as
the comparator (reference) pharmaceutical product (CPP) for
the South African acyclovir products and Zovirax® 200
manufactured by GSK in India and was used as the CPP for
the Indian products (Table I). Tenormin® 100 (Astra
Zeneca) was selected as the CPP for the South African
atenolol products, whereas Tenormin 100 obtained from
India and manufactured by Abbott Healthcare Pvt. Ltd. was
used as the CPP for the Indian products (Table II).
Ciprobay® (Bayer, South Africa) 500 mg formulation was
selected as the CPP for South African ciprofloxacin hydro-
chloride products, whereas Baycip® 500 (Bayer, India) was
used as the Indian CPP (Table III).

Instrumentation and Equipment

A model LC-20AD HPLC Prominence liquid chro-
matography system together with a SIL-20ACHT
autosampler equipped with a SPD-M20A PDA detector
and CTO-10AS VP column oven and a LC solutions v1.25
data acquisition system (Shimadzu, Kyoto, Japan) were
used. A Luna® C8 (2) column, 150 × 4.6 mm i.d., 5 μ
particle size, and a Luna® security guard column
(Phenomenex, Torrence, CA, USA) were used for analysis
of relevant dissolution samples. The pH of the prepared
buffers was recorded using a Eutech pH 510 pH meter
(Thermo Fisher Scientific, Mumbai, India). An automated
model EDT-08 Lx dissolution apparatus (Electrolab,
Mumbai, India) fitted with a syringe pump ESP-64 and a
sample collector ESD-08D (Electrolab, Mumbai, India)
with BiDisso^ were used for dissolution testing of the
various dosage forms. An ultrasonic bath model
CPX1800H-E (Branson Ultrasonics Corporation, Danbury,
CT, USA) was used to facilitate the preparation of the
standard solutions.

Dissolution Testing

Dissolution testing was performed using USP appara-
tus 2 (paddle) at 75 rpm. The dissolution media were
prepared, degassed, and pre-heated, and 900 ml of the
respective medium was transferred into each of six
vessels. Dissolution testing in accordance with the WHO
(8) was initiated after 37°C (±0.5°C) was confirmed in all
vessels, and the relevant dosage forms were subsequently
placed into the vessels and the dissolution procedure was
initiated. At pre-set time points of 5, 10, 15, 20, 30, and
45 min, samples were withdrawn by the autosampler
through a 45-μm stainless steel filter using an external
probe with end filters which were immersed into the
dissolution medium. Samples of 1.5 ml were automatically
withdrawn and collected by the sample collector from
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each vessel at each time point. The volume of the medium
sampled was not replenished after each withdrawal.
Hence, drug concentrations were corrected by calculation
for the withdrawn volume. The collected samples were
transferred into 1.8-ml HPLC vials which were placed in
the autosampler for injection into the HPLC. Sample
concentrations were determined by the relevant validated
HPLC methods.

Analytical Quantitation

HPLC Methods and Validation

The respective HPLC methods were validated for its
suitability in all three dissolution media for linearity, accuracy,
precision, and recovery studies according to the USP general
chapter BValidation of compendial procedures^ <1225> (24).
The linear range was selected based on (minimum amount of
drug release in 900 ml of media) the estimated lowest release
concentration of about 3.7% and the highest release concen-
tration of 120% of the drug content dissolved in 900 ml of
each dissolution medium at pH 1.2, 4.5, and 6.8.

Acyclovir

The quantitation of acyclovir was carried using the
following HPLC chromatographic conditions: mobile phase
consisting of 0.1% formic acid/methanol (95:5) and pump rate
at 1 ml/min, and 10-μl samples were injected into the HPLC.
The UV detection was set at a wavelength of 254 nm. The
observed correlation coefficient for standard solutions was
r2 = 0.999, and the coefficients of variation were 2.68%,
1.38%, and 1.75% for each of the buffers of pH 1.2, 4.5,
and 6.8, respectively.

Atenolol

The quantitation of atenolol was carried using the
following HPLC chromatographic conditions: mobile phase
consisting of 10 mm phosphate buffer/methanol (80:20) and
pump rate at 1 ml/min, and 10-μl samples were injected into
the HPLC. The UV detection was set at a wavelength of
223 nm. The observed correlation coefficient for standard
solutions was r2 = 0.999, and coefficients of variation were
2.34%, 1.76%, and 1.46% for each of the buffers of pH 1.2,
4.5, and 6.8, respectively.

Table I. Acyclovir Products

Country Company Product Dosage form Batch Expiry date Excipients (as indicated
on the product label)

South Africa GSK (CPP) Zovirax® 200 DT Tabs 2570 12/2014 NA
Adcock Ingram Adco-Acyclovir 200 Tabs A21843 11/2014 NA
Cipla Acitab-200 DT Tabs KT2332 08/2015 NA

India GSK (CPP) Zovirax® 200 Tabs P112 07/2016 Carmoisine
Monichem Healthcare Zovistar 200 Tabs MNT-162 04/2015 NA
Torrent Herpex Tabs 28173003 05/2016 NA
Micro Labs Herperax® Tabs HRAD0008 04/2015 NA
Zen Labs Zenclovir 200 Tabs ZPR-130125 12/2014 NA
Cipla Acivir 200 DT Tabs A31637 07/16 NA

Tabs tablets, NA not available

Table II. Atenolol Products

Country Company Product Dosage
form

Batch Expiry
date

Excipients (as indicated
on the product label)

South Africa Astra Zeneca (CPP) Tenormin® 100 Tabs 5 NU 0 2 /
2017

NA

Adcock Ingram Adco- Atenolol 100 Tabs A2948 0 8 /
2014

NA

Biotech Labs Bio-Atenolol 100 Tabs P552007 0 9 /
2014

NA

Sandoz SA Hexa-Blok® 100 Tabs CS5401 0 3 /
2017

NA

India Abbott Pharma (CPP) Tenormin 100 Tabs TNC3001 0 5 /
2017

NA

Zydus Cadila Aten 100 Tabs ZHN2734 0 5 /
2016

NA

Torrent Pharma Betacard® 100 Tabs 21693002 0 7 /
2017

Lake of brilliant blue and
titanium dioxide

IPCA Labs Tenolol® 100 Tabs HPO13001AK 0 2 /
2017

NA

Tabs tablets, NA not available

In Vitro Dissolution of Tablets Containing BCS III Drugs



Ciprofloxacin Hydrochloride

The quantitation of ciprofloxacin hydrochloride was
carried using the following HPLC chromatographic condi-
tions: mobile phase consisting of 1.7 ml of o-phosphoric
acid in 900 ml water, after which the pH was adjusted
with triethylamine to 3.0 ± 0.1 and the volume was made
up to 1000 ml. The buffer was further mixed online with
20% acetonitrile and pumped at 1 ml/min with the column
maintained at 40°C. Ten-microliter samples were injected
into the HPLC, using UV detection at 277 nm. The
observed correlation coefficient for standard solutions was
r2 = 0.999, and coefficients of variation were 3.18%, 2.67%,
and 2.79% in each of the buffers of pH 1.2, 4.5, and 6.8,
respectively.

RESULTS AND DISCUSSION

Acyclovir

The dissolution profiles of products marketed in
South Africa (SA) vs the CPP (Zovirax® 200 DT) are
shown in Fig. 1a–c. Incidentally, GSK (India) also markets
an acyclovir product under the same trade name,
Zovirax®. However, the South African innovator product
is labeled as Zovirax® 200 DT, whereas in India, it is only
Zovirax® 200. Both products showed a release of >85%
in 15 min in all three pH media.

The first set of data in Fig. 1a shows that all South
African products dissolved very rapidly in pH 1.2 and
complied with the requirement by exceeding a release of
85% of acyclovir in 15 min. In pH 4.5 (Fig. 1b), the
Adco-Acyclovir 200 dissolved very rapidly (i.e., >85% in

15 min) but Acitab-200 DT only dissolved rapidly (85% or
more in 30 min), hence requiring more than 15 min to
release 85% or greater. In pH 6.8 (Fig. 1c), only the
Adco-Acyclovir 200 met the very rapidly dissolving
requirement compared with the CPP.

The dissolution profiles of the acyclovir products
marketed in India are shown in Fig. 1d–f. Zenclovir 200
only released 60.1%, 6.1%, and 5.8% in pH 1.2, 4.5, and
6.8 in 15 min, respectively. Whereas the dissolution of
acyclovir from Zenclovir 200 was 84.5% in pH 1.2 at
30 min, almost meeting the rapid dissolution definition,
very little was released in pH 4.5 and 6.8. It may thus be
speculated that component(s) in the formulation may have
inhibited drug release at higher pH levels.

Zovistar 200, Herpex, Herperax® and Acivir 200 DT,
on the other hand, dissolved very rapidly in the buffer of
pH 1.2 (Fig. 1d). However, whereas Herperax® and
Acivir 200 DT also dissolved very rapidly in pH 4.5,
Zovistar 200 and Herpex only dissolved rapidly in pH 4.5
(Fig. 1e) and thus do not meet the BCS III biowaiver
criteria. Furthermore, in pH 6.8 (Fig. 1f), it can be seen
that apart from the CPP, all other generic acyclovir
products do not meet the very rapidly dissolving criteria.
Hence, only three (both CPPs and one generic product in
South Africa, Adco-Acyclovir 200) of the total nine tested
acyclovir products released more than 85% in 15 min
(very rapid dissolving) in all three media.

Atenolol

Tenormin® 100 was considered as the innovator and
thus used as the CPP for South African products. The
dissolution profiles of all atenolol products vs the relevant

Table III. Ciprofloxacin Hydrochloride Products

Country Company Product Dosage
form

Batch Expiry
date

Excipients (as indicated
on the product label)

South Africa Bayer (CPP) Ciprobay® 500 Tabs BXG7P01 0 1 /
2017

NA

Dr. Reddy’s Cifloc 500 Tabs C207664 0 8 /
2015

NA

Austell
Pharma

Austell- Ciprofloxacin 500 Tabs AEX013007 0 2 /
2016

NA

Ranbaxy Cifran 500 Tabs 2482232 1 2 /
2014

NA

India Bayer (CPP) Baycip® 500 Tabs S12307 11/2015 Titanium dioxide
Cipla Ciplox 500 Tabs A31892 0 8 /

2016
Titanium dioxide

Abbott
Pharma

Floxip 500 Tabs S013436 0 3 /
2016

Titanium dioxide

Zydus Alidac Ciprobid 500 Tabs ZHN3039 0 6 /
2016

Quinoline yellow lake
and titanium dioxide

Ranbaxy Cifran® 500 Tabs 2552904 0 8 /
2016

Titanium dioxide

Alkem Alcipro 500 Tabs 3131484 0 6 /
2017

Titanium dioxide

Tabs tablets, NA not available

Reddy et al.



CPP are shown in Fig. 2a–c. All products (Adco-Atenolol
100, Bio-Atenolol 100, and Hexa-Blok® 100) dissolved
very rapidly (85% or more in 15 min) in all three pH
media.

Tenormin 100 was identified as the innovator product in
India and thus used as the CPP for the Indian atenolol
products. The drug release data from generic products and
the Indian CPP are shown in Fig. 2d–f. The tested products
(Aten 100, Betacard® 100, and Tenolol® 100) as well as the
CPP dissolved very rapidly in all pH media, and therefore, all
these products met the relevant BCS III biowaiver
requirements.

Ciprofloxacin Hydrochloride

Ciprobay® 500 was identified as the innovator
product in South Africa and thus used as the CPP. The

dissolution profiles of the products marketed in South
Africa vs CPP are shown in Fig. 3a–c, where Austell-
Ciprofloxacin 500 and Cifran 500 dissolved very rapidly in
all three media and could be considered to be in vitro
equivalent.

The comparison of the Indian generic ciprofloxacin
hydrochloride products and their dissolution profiles is
shown in Fig. 3d–f. Baycip® 500 was considered as the
CPP and met the very rapid dissolution requirements in
all three media. Of the six Indian ciprofloxacin hydro-
chloride products, three met the very rapidly dissolving
requirements in all three media. However, the other three
products investigated (Floxip 500, Ciprobid 500, and
Ciplox 500) did not meet the requirements in pH 6.8.
Disconcertingly, one of the products, Ciplox 500, did not release
even up to 15% after 45 min in pH 6.8. Ciprofloxacin
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hydrochloride is reported to be highly soluble at acidic pH, but at
intestinal pH like 6.8 (17), its solubility is far lower. However,
additional effects from formulation components in these
tablets may also have contributed to this phenomenon. Floxip
500, Ciprobid 500, Cifran® 500, and Alcipro 500 dissolved
very rapidly in buffers of pH 1.2 and 4.5 (Fig. 3d, e). In
pH 6.8 (Fig. 3f), Alcipro 500 and Cifran® 500 dissolved very
rapidly but Floxip 500 and Ciprobid 500 only dissolved
rapidly. All four ciprofloxacin hydrochloride products in South
Africa (Ciprobay 500, Cifloc 500, Austell-Ciprofloxacin 500,
and Cifran 500; Fig. 3a) and four out of six products in India
(IND) (Baycip 500, Alcipro 500, Cifran 500, and Floxcip 500;
Fig. 3d) showed release at pH 1.2 which was above usual
compendial upper limits of 110%.

Hence, only five of the total 10 tested ciprofloxacin
hydrochloride products released more than 85% in 15 min
(very rapid dissolving) in all three media.

In summary, the following products complied with the
biowaiver requirements:

Acyclovir: Zovirax 200 DT (SA), Adco-Acyclovir
200 (SA), and Zovirax 200 (IND)

Atenolol: Tenormin 100 (SA), Adco-Atenolol 100
(SA), Bio-Atenolol 100 (SA), Hexa-Blok® 100 (SA),
Tenormin 100 (IND), Aten 100 (IND), Betacard® 100
(IND), and Tenolol 100 (IND)

Ciprofloxacin hydrochloride: Austell-Ciprofloxacin
500 (SA), Cifran 500 (SA), Baycip 500 (IND), Alcipro 500
(IND), and Cifran 500 (IND)
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CONCLUSIONS

Three of the acyclovir 200 mg products marketed in
South African and six Indian acyclovir products including
both CPPs were tested. Of the South Africa products, only
two (Zovirax® 200 DT and Adco-Acyclovir 200) complied
with the Bmore than 85% dissolved in 15 min^ criteria in all
three pH media whereas Acitab-200 DT required more than
15 min to release 85% in both pH 4.5 and 6.8 media.

In the case of acyclovir tablets marketed in India, of the
six products, only one complied with the very rapidly
dissolution criteria whereas Zenclovir 200 did not comply in
any of the three media.

Interestingly, in the case of atenolol products, it was
found that two innovator products with the same trade

name, Tenormin® 100, are being marketed in India and
South Africa yet the Indian innovator product is
manufactured by Abbott Pharma 257, whereas in South
Africa, it is marketed by Astra Zeneca (SA). Notwith-
standing, both products met the very rapidly dissolving
criteria in all three media. Eight atenolol products
(100 mg) including two CPPs were tested, four from
South Africa and four from India. All products from both
countries were very rapidly dissolving in all three media
and thus complied with the BCS III biowaiver require-
ments. In the case of ciprofloxacin hydrochloride 500 mg
products from South Africa and India, a total of 10
products including two innovator products used as CPP
were tested, four from South Africa and six from India.
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Of those four South African products, two generic
products met the dissolution requirements in all three
pH media but, interestingly, the South African CPP did
not meet the very rapid dissolution requirements in
pH 6.8 along with one of the generic products, Cifloc 500.

The ciprofloxacin hydrochloride CPPs, although hav-
ing different trade names, Ciprobay® 500 and Baycip®
500 in South Africa and India, respectively, both appar-
ently manufactured by the same manufacturer, Bayer,
showed different dissolution characteristics in pH 6.8.
Ciprobay® 500 did not meet the BCS III criteria in
pH 6.8, whereas Baycip® 500 released more than 85% in
15 min (very rapid dissolving) in all three media. On the
basis of these data, it may be alluded that although both
products are of the same dosage form, their potency and
being manufactured by the same manufacturer are not
in vitro equivalent.

The results of this study showed that some BCS class III
drugs did not fulfill the necessary WHO BCS III biowaiver
criteria and the implications regarding clinical performance
require some circumspection.
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